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ABSTRACT

In Benin, the use of synthetic pesticides in vegetable production poses a risk to the
environment and human health. Vegetables, water and soil quality assessment is very
important for monitoring and mitigation of these risks. The evaluation of pesticide
contamination of vegetables and agricultural environment is often made using expensive
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methods. It is crucial for research in so-called developing countries to develop less
expensive tools for pesticide risks assessment and monitoring. The aim of this study was
to assess the potential of using Aedes aegypti larvae as a bio-indicator to measure the
pesticide contamination of soil, groundwater and vegetables. Vegetables just before
harvest, groundwater and soils samples from three production sites and vegetables
samples from markets were collected from March to August 2011. Ethanol extracts of
these samples were tested on first stage larvae of Aedes aegypti. The method made it
possible to detect residues of chlorpyrifos-ethyl and deltamethrin in cabbage until 4 and 8
days respectively after treatment with the recommended doses for crop protection. It
proved inappropriate to measure pesticides residues in market-gardening soils, since
these soils contain some amounts of nitrite, nitrate and phosphate, coming from the
decomposition of fertilizers which are poisonous for the first stage larvae of Aedes
aegypti. Overall, the results revealed the presence of small amounts of pesticides
residues in 12.5% of the vegetables collected from markets. Pesticides residues were
also detected in 30.0% of vegetables collected just before harvest. Residues of pesticide
were not detected in groundwater samples collected from vegetable growing areas. First
stage larvae of Aedes aegypti could be used as a bio-indicator to characterize and
monitor risk of pesticide contamination of vegetables in southern Benin. It could also be
used for a monitoring program before running a more thorough chemical analysis to
identify and quantify the pesticide molecules present in samples.

Keywords: Pesticides; vegetable contamination; environment; bio-indicator; Southern-Benin.
ABBREVIATIONS

ng/g: nanogram per gram; mg/Kg: milligram per kilogram; ug/L: micogram per liter; Eq-
deltamethrin: Equivalent-deltamethrin; [Eq-chlorpyrifos-ethyl: Equivalent-chlorpyrifos-ethyl;
Nd: Not detected; ppm: part per million; ppb: part per billion; SD: Standard-Deviation.

1. INTRODUCTION

The production of vegetables is an important part of urban and peri-urban agriculture. It
contributes to food availability for the population. Vegetables constitute an important source
of proteins, vitamins and trace elements and are widely recognized for their contribution to
human health benefits [1,2] The production of vegetables reduces the level of unemployment
and contributes to the creation of more than 600000 jobs in Benin [3]. The production is
ensured by small-scale producers in or on the peripheries of the big cities generally
occupying swamps or marshes areas for vegetable growing [4]. Although this activity
presents a significant economic interest, it also has harmful effects on the environment [5,6]
and on human health [7,8]. Pesticides intended for use on cotton fields are often used for
vegetable crops protection [9,10]. Similarly producers do not always respect the quantities
guidelines and the preharvest intervals recommended [11,12]. [13] reported that surveyed
participants in Farmer Field School (FFS) approach did not adopt a complete package of
Integrated Pest Management (IPM) tools and concepts. These farmers’ practices could have
consequences on the chemical quality of the vegetables produced and thus generate health
issues for consumers. Vegetables, water and soil quality assessment is important for
monitoring and mitigation of pesticide risks. To assess pesticide contamination in
vegetables, foods, groundwater and soils, conventional techniques like chromatography with
mass spectrometry are frequently used [14,15,16,17,18,19,20]. These conventional
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techniques are costly. It is a challenge for research in developing countries to develop less
expensive tools for pesticide risks monitoring. Bio-indicators are living thing (animals, plants
and microorganisms) used to monitor environmental health. Environmental health
assessment using bio-indicators or ecotoxicological approach were reported in literature
[21,22,23,24]. The aim of this study was to assess the potential of using Aedes aegypti
larvae as a bio-indicator to measure pesticide contamination of soil, groundwater and
vegetables.

2. MATERIALS AND METHODS
2.1 Sampling

To assess the potential of using Aedes aegypti larvae as a bio-indicator of pesticide
contamination, we collected (1) cabbage and soil samples from trial plots, (2) vegetable
samples from farms and markets, and (3) groundwater and soil samples from farming sites.
Twelve samples of cabbages and soils were taken on six plots treated with deltamethrin
(PLAN-D25EC) or chlorpyrifos-ethyl (PYRIFORCE 480EC) at a doses of 25 g and 480 g of
active ingredients per hectare respectively in experiment field, and this to evaluate the
evolution of the pesticides residues content. Deltamethrin and chlorpyrifos-ethyl are
commonly used pesticides in Southern Benin for crop protection. No manure was added
during the study period to the sampled plots.

From March to August 2011, 20 vegetable samples were collected just before harvest on the
market-gardening sites of Houéyiho, Sémeé-kpodji, Ouidah. Vegetable farms selected were
involved in the project “Ecosystemic Approach for Sustainable Vegetable Production Project”
led by Cotonou’s Applied Biomedical Science Institute and Hortsys Unit of International
Cooperation Center in Agronomic Research for Development. During sampling period,
farmers received directive to inform us before harvesting in order to collect vegetable
samples. Overall, 15 kinds of vegetables were sampled. They were the most commonly
found species in the studies areas (C Ahouangninou, ISBA, University of Abomey-Calavi,
Benin, Unpublished results). Moreover, 40 vegetable samples were collected in six markets
of Cotonou and its neighborhood. These markets included in the study and sellers were
selected with random method. Samples were packed and sent to laboratory of Mivegec
associated to the Entomological Research Center of Cotonou for toxicological analysis.
Finally fifteen samples of soils and groundwater were taken on the various market-gardening
areas and sent to Laboratory of Water and Food Quality Control of Cotonou in order to
determine their concentrations in nitrates, nitrites and phosphates. Indeed, we suppose that
fertilizers used by farmers could play a role in Aedes aegypti larvae mortality, thus
influencing the reliability of the bio-indicator. Part of these soils and groundwater samples
was sent to the laboratory of MIVEGEC unit of the Research Institute for Development, to
estimate the concentration of toxic residual expressed in equivalent-deltamethrin and
equivalent-chlorpyrifos-ethyl.

2.2 Samples Analysis

2.2.1 Pesticides analysis

Pesticide residues analysis was done using mosquito larvae as biological indicator. The
method of pesticide residues detection using a biological indicator (first stage larvae of
Aedes aegypti) was first described by [25] to quantify pyrethroids on treated mosquito nets
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and used by [26] to detect pesticide residues presence in vegetable before harvest in rural
areas in Benin.

This method does not aim to identify all the molecules present, but to compare the
importance of the toxic response observed on Aedes aegypti larvae to references molecules
which will be called “equivalent-deltamethrin” and “equivalent-chlorpyrifos-ethyl”. The
insecticide deltamethrin was used because of its strong toxicity (LCso of 0.4 ug/L) on Aedes
aegypti larvae S-Be from north Benin [26], but also because it belongs to the family of
pyrethroid frequently used in vegetable crop protection in Benin. Chlorpyrifos-ethyl was used
because it was used by most farmers during study period.

For each sample, 0.25 g of vegetables or 50 cm® of soils were weighed and put in a tube in
which 10 ml and 100 ml of ethanol were added respectively in order to extract the pesticides
residues. After 24 hours, all pesticide residues contained in samples were extracted with
ethanol. The use of ethanol as solvent to extract pesticide in vegetables was reported by
[27]. A volume of 0.1 ml of extract was added to the contents of polystyrene goblet
containing 9.9 ml of water with 20 first stage larvae of Aedes aegypti (three repetitions for
each sample). The counting of mortality was made 24 hours after application. The test was
taken again with two dilutions 1/10 and 1/100 in the event of total mortality. Natural mortality
was taken into account by tests with distilled water containing ethanol 1%. A commercial
formulation of PLAN-D25EC made up of 25 g/l of deltamethrin was used to establish the
calibration line on Aedes aegypti larvae. A dilution in 1/400000 with distilled water was
carried out and series of ten successive dilutions were made to have a mortality ranging
between 1% and 99%. The residual contents of pesticides present in vegetable were
evaluated in nanogram per gram of equivalent-deltamethrin. A commercial formulation of
PYRIFORCE 480EC made up of 480 g/l of chlorpyrifos-ethyl was also used to establish the
calibration line on the larvae of Aedes aegypti. A dilution in 1/480000 with distilled water was
carried out to make series of successive dilutions giving a mortality ranging between 1% and
99% of Aedes aegypti larvae in contact with chlorpyrifos-ethyl. The LCsy of the chlorpyrifos-
ethyl on Aedes aegypti was 4.4 ug/L.

As far as water samples are concerned, a volume of 5 ml was added to the contents of a
polystyrene goblet containing 5 ml of water with 20 first stage larvae of Aedes aegypti (three
repetitions for each sample). The counting of mortality was made 24 hours after application.

2.2.2 Nitrates, nitrites and phosphates

As indicated, we suppose that fertilizers used by farmers could play a role in Aedes aegypti
larvae mortality, thus influencing the reliability of the bio-indicator. Accordingly, soil and
water samples were controlled for these molecules.

The nitrate content in soil and water samples was measured by the cadmium reduction
method [28]. Cadmium reduces nitrate to nitrite. The nitrite ion reacts with sulphanilic acid to
form a salt of intermediate diazonium. This salt reacts with the gentisic acid to form complex
colored amber. The measure is obtained to 400 nm.

The nitrite content in soil and water samples was measured by diazotization [28]. The nitrite
present reacts with the sulphanilic acid to form an intermediate salt of diazonium. This salt
combines with the chromotropic acid to produce a pink complex of color whose intensity is
directly proportional to the nitrite concentration in the solution. The measure is obtained to
507 nm.
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The phosphate content in soil samples was measured by the method of reduction per
ascorbic acid after mineralization [29]. Orthophosphate reacts with molybdate in acid
medium to produce a mixed complex phosphate-molybdate. Then, ascorbic acid reduced the
complex, causing a strong blue coloring due to molybdenum. The measure is obtained to
880 nm.

2.3 Statistical Analysis

The software SPSS 12.0 was used to carry out the statistical analysis. A multiple linear
regression was used to identify the parameters determining the mortality of the first stage
larvae of Aedes aegypti in contact with the soils samples taken on market-gardening sites.

3. RESULTS AND DISCUSSION

3.1 Using of Aedes aegypti Larvae to Measure Trends of Pesticide Residual
Content in Cabbage and Market-gardening Soils (Field Trials)

At the time T= -1h, 1 hour before treating with PLAN D-25EC (deltamethrin 25 g/L), no
residue of pesticide was detected in cabbage leave samples (Fig. 1). About 0.073(0.007)
ppb of equivalent-deltamethrin in toxic residues was detected in soil samples 1 hour before
treatment (Fig 2).

At the times T=+1h (one hour after treatment) and T=+1d (one day after treatment), the
residual concentrations of deltamethrin detected in the cabbage leaves were 45(1.8) ppb (45
ng/g of leaves) whereas it was 2.5(0.3) ppb [2.5 ng/g of soils or 59(7.9) ug/m?] in soils at
T=+1h. These residual concentration of deltamethrin decreased with time in the cabbage
leaves and reached 3.8(0.5) ppb at time T=+8d. No residue was detected beyond T=+8d
(eight days after treatment).

In the soils samples, the concentration of deltamethrin decreased slightly and persisted
beyond T=+10d (ten days after treatment) when it reached 0.45(0.03) ng/g or 9.2(0.61)
pg/m2. Concentrations measured in cabbage were lower than maximum admissible
concentration of deltamethrin in vegetables which is 500 ppb (0.5 mg/kg) [30]. Thus a strict
respect of recommended pesticides dosages by vegetable growers should result in residual
concentration of deltamethrin below the recommended threshold. The detection limit of the
bio-indicator was 3.6(0.43) ppb (ng/g of vegetables) of equivalent-deltamethrin in vegetable
samples and 0.09(0.01) ug/L of equivalent-deltamethrin in water samples that was
comparable to the limits of detection (LOD) and quantification (LOQ) for pesticides in
vegetables with some chromatographic methods: 2-10 ng/g and 6-20 ng/g respectively in a
study by [19]. The bioindicator detected the presence of deltamethrin in cabbage until the
eighth day after treatment with the recommended dosage. Thus Aedes aegypti as bio-
indicator is an adequate tool for the qualitative evaluation of vegetables taken from fields
treated with deltamethrin. The concentration of deltamethrin measured in soils at T=+1d (a
day after treatment) was lower than that reported by [31] on litter in a Canadian field which
was 146 ug/m? at a day after aerial application of deltamethrin. The DTy, for deltamethrin
was 5 days on soils which is below that reported on litter in Canada (17 days). Difference
observed could be explained by technique of pesticide application, amounts of active
ingredients applied, climate, temperature and soils characteristics [32].

147



British Biotechnology Journal, 3(2): 143-157, 2013

As far as PYRIFORCE 480EC is concerned, at the time T=-1h (1 hour before treatment), no
residue of pesticide was detected in cabbage samples (Fig 1). At the same time, about
0.003(0.0018) ppm of equivalent-chlorpyrifos-ethyl of residue was detected in soils (Fig 3).

From time T=+1h to T=+1d, the residual concentrations of chlorpyrifos-ethyl detected in
cabbage were 1.16(0.14) ppm (mg/kg of leaves) whereas they were less than 0.5(0.09) ppm
(mg/kg of soils) in the soils. These residual concentrations of chlorpyrifos-ethyl decreased

with time in cabbage leaves until the fourth day after treatment. No residue was detected
beyond T=4d (four days after treatment).
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Fig. 1. Trend of the residual concentration of pesticides in cabbage after a treatment
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Fig. 2 . Trend of residual concentration in soil before and after treatment with
deltamethrin
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In the soil samples, the concentration of chlorpyrifos-ethyl decreased slightly and persisted
beyond T=+10d (ten days after treatment). The concentrations of chlorpyrifos-ethyl detected
in cabbages at times T=+1h and T=+1d were above the recommended maximum admissible
concentration in cabbage which is 1 mg/kg of chlorpyrifos-ethyl according to the
codexalimentarius [30]. The limits of detection of the bio-indicator were 0.06(0.008) mg/kg of
vegetables and 1.48(0.19) ug/L in water that were above those of certain chromatographic
methods: 0.002-0.010 mg/kg [19]. Concentration of chlorpyrifos-ethyl measured in cabbage
from market reported by [19] was 6.207 mg/Kg and above those detected with this method.
The bio-indicator could not detect chlorpyrifos-ethyl concentration below 0.06 mg/kg in
vegetables samples, but the concentrations of organophosphate measured in vegetables in
most studies were above the detection limit of this bio-indicator for chlorpyrifos-ethyl [19,33].
The preharvest interval of PYRIFORCE 480EC on vegetables is 14 days whereas the bio-
indicator allowed to detect the presence of chlorpyrifos-ethyl less than 5 days after treatment
with recommended dosage. Thus this bio-indicator is less sensitive for the detection of the
chlorpyrifos-ethyl compared to deltamethrin, but it remains a tool able to detect the presence
of pesticides residues in vegetables treated with pyrethroid or organophosphate. Soail
samples collected one hour before treatment with deltamethrin or chlorpyrifos-ethyl
appeared positive with residual concentrations of 0.073 ppb and 0.003 ppm respectively.
These results suggest factors other than pesticides residues play a role in the toxic effect on
the first stage larvae of Aedes aegypti. Although the application of organic and inorganic
fertilizers increase population densities of mosquito larvae in farming areas [34,35,36], toxic
effects on immature larvae have been recorded when fertilizer concentrations go beyond
certain levels [37] Such Toxic effects of mineral fertilizer on Aedes sp larvae have been
investigated [38,39,40].
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Fig. 3. Trend of residual concentration in soil before and after treatment with
chlorpyrifos-ethyl

3.2 Using Larvae of Aedes aegypti for Pesticides Residues Analysis of
Vegetables Collected before Harvest

Twenty samples of eight vegetable species were collected from production sites just before
harvest (Table 1). These vegetables were solanum (Solanum macrocarpon), amaranth
(Amaranthus hybridus), vernonia (Vernonia amygdalina), basil (Ocimum basilicum), turnip
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(Brassica rapa), cabbage (Brassica oleracea), lettuce (Lactuca sativa) and the gombo leaves
(Abelmoschus esculentum).

Residues of pesticides were detected in 30% of these samples. Residues were detected in
samples of solanum, amaranth, vernonia, turnip and in cabbage. Approximately 60.0% of the
samples collected on the site of Houéyiho in Cotonou were positive. In Sémé-kpodji and
Ouidah, the rates of positive samples were 28.6% and 12.5% respectively. The residual
concentrations of pesticides vary from 5.2 to 96.6 ppb of equivalent-deltamethrin or 0.08 to
5.34 ppm of equivalent-chlorpyrifos-ethyl (Table 1). The highest residual concentration was
detected in Solanum macrocarpon.

Table 1. Concentration of pesticide residues in vegetables collected in production

areas
Market- Number Samples Rate of Concentration (ppb Concentration
gardening positive of eq-deltamethrin) (ppm of equivalent
sites (%) chlorpyrifos-ethyl)
Houéyiho 2 Solanum 50.0 96.6 5.34

1 Amaranth 100.0 5.2 0.08

1 Vernonia 100.0 23.2 1.33

1 Basil 0.0 Nd Nd
Séme- 1 Vernonia 0.0 Nd Nd
kpodiji

1 Basil 0.0 Nd Nd

1 Turnip 100.0 27.5 3.99

1 Amaranth 100.0 9.7 0.11

1 Lettuce 0.0 Nd Nd

1 Solanum 0.0 Nd Nd
Ouidah 2 Solanum 0.0 Nd Nd

1 Gombo 0.0 Nd Nd

leaves

2 Basil 0.0 Nd Nd

2 Vernonia 0.0 Nd Nd

2 Cabbage 50.0 5.5 0.09

Nd : Not detected

This should be related to massive attack of this specie by red mites (Tetranychus sp) in
southern Benin that involve a strong use of pesticide by farmers. The results of this study
confirm those of [41] which found high amounts of omethoate in Solanum macrocarpon in
southern Benin. The maximum admissible concentration of pesticides residues in vegetables
and fruits vary from 100 ppb and 500 ppb for chlorpyrifos-ethyl in carrot and tomato
respectively and 500 ppb for deltamethrin in vegetables [30]. The detected residual
concentrations in solanum, vernonia and turnip should be below the maximum admissible
concentrations if these vegetables had been only treated with pyrethroids, but could exceed
these limits if they had been treated with organophosphates. Since the vegetable growers in
southern Benin generally use several pesticides, often formulations of pyrethroid and
organophosphate to control pests [10], the residual contents in these species could exceed
the maximum residue levels (MRLs). The samples detected negatively could also contain
concentration of organophosphate lower than 0.06 ppm. Residual contents measured in the
three species were lower than those measured in vegetables before harvest in the rural city
of Tori-Bossito in southern Benin [26] and in the market-gardening perimeter of Toligbé in
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southern Benin (T Martin, IRD-URO016, Unpublished results). These vegetables could be
found on the markets or sold to consumers who buy these products directly on the
production sites for consumption. Pesticide residue analysis in vegetables collected just
before harvest could be frequently carried out using this bio-indicator to know which quality
of food go to market in order to prevent health risks to consumers.

3.3 Using of Aedes aegypti Larvae for Pesticide Residue Analysis of
Vegetables Sold at Markets in Cotonou

Forty samples of fourteen vegetable species were collected in six markets of Cotonou and
its peripheries (Table2).

Table 2. Concentration of pesticide residues in vegetables collected in markets of

Cotonou
Samples Number Rate of Concentration (ppb Concentration (ppm of
positive (%) of eq-deltamethrin) eq-chlorpyrifos-ethyl)
Amaranth 1 0.0 Nd Nd
Basil 1 100.0 4.4 0.05
Beet 1 0.0 Nd Nd
Cabbage 6 0.0 Nd Nd
Carrot 6 0.0 Nd Nd
Cucumber 1 0.0 Nd Nd
Lettuce 7 28.6 8.8 (8.3) 0.1 (0.07)
Onion 2 0.0 Nd Nd
Solanum 4 0.0 Nd Nd
Spinach 1 0.0 Nd Nd
Sweet pepper 3 33.3 2.1 0.03
Tomato 4 25.0 4.4 0.05
Turnip 1 0.0 Nd Nd
Vernonia 2 0.0 Nd Nd

Nd: Not detected

The fourteen vegetable species collected in markets of Cotonou were lettuce (Lactuca
sativa), tomato (Lycopersicon esculentum), carrot (Daucus carota), cabbage (Brassica
oleracea), amaranth (Amaranthus hybridus), solanum (Solanum macrocarpon), sweet
pepper (Capsicum annuum), spinach (Spinacia oleracea), beet (Beta vulgaris), onion (Allium
cepa), turnip (Brassica rapa), cucumber (Cucumis sativus), vernonia (Vernonia amygdalina)
and basil (Ocimum basilicum) (Table 2). Residues of pesticide were detected in 12.5 % of
vegetables collected from markets. The pesticides residues were detected in lettuce, basil,
tomato and sweet pepper, the other tested crops showed no residues. Residuals
concentrations averages vary from 2.1 to 8.8 (8.3) ppb of equivalent-deltamethrin or 0.03 to
0.1 (0.07) ppm of equivalent-chlorpyrifos-ethyl (Table 2). Maximum residue content was
recorded in lettuce (14.6 of equivalent-deltamethrin or 0.15 of equivalent-chlorpyrifos-ethyl).

These amounts of pesticide residues were lower than maximum residue levels (MRLs) for all
vegetables except for lettuce collected at Godomey market if this lettuce had been treated
with organophosphate. The measured residues were also below the results of [41].
However, the vegetables tested negatively could contain concentrations of organophosphate
lower than 0.06 ppm or concentrations of other pesticides that are not toxic to first stage
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larvae of Aedes aegypti. The concentrations measured were in general lower than those
reported by [17,19] in vegetable sampled from markets and by [15] in grape samples. The
results of this study show that continuing education and awareness raising efforts towards
producers about health hazards derived from pesticide would have to be continued for
sustainable vegetable production [42]. Regular pesticides residues analysis of vegetables
from market using Aedes aegypti larvae as bio-indicator will have to be made to complement
an awareness campaign. Chromatographic analysis coupled with mass spectrometry could
specify the molecules and identify possible residues of pesticides to which first stage larvae
of Aedes aegypti are less sensitive. The promotion of the use of natural extracts of bio-
pesticides for control of pests could also limit the risk of presence of pesticides residues in
vegetables sold in markets [13,43].

3.4 Using Larvae of Aedes aegypti for Pesticide Residues Analysis in Soils
and Water, Taking into Account Nitrates, Nitrites and Phosphates

The detection limit of this bio-indicator in water samples [0.09(0.01) ug/L of equivalent-
deltamethrin or 1.48(0.19) ug/L of equivalent-chlorpyrifos-ethyl] was comparable to those
reported for chromatographic methods in a study by [14]. In fact this author reported that the
limits of detection for carbofuran in water with high performance liquid chromatography-
photodiode-array detection were 0.06 ug/L and 8.9 ug/L for solid-phase extraction (SPE) and
solid-phase microextraction (SPME) respectively. Pesticides were not detected in
groundwater samples taken on the market-gardening sites. These results conflict with those
of [44,45], who detected residues of pesticides in groundwater in agricultural production
zones in Ivory Coast and Niayes in Senegal, respectively. This contradiction could result
from the fact that producers in study sites started applying the recommended amounts of
pesticides knowing its risk on environment, otherwise these water samples could contain low
concentration of pesticides residues belonging to the chemical families to which first stage
larvae of Aedes aegypti is less sensitive. The results on nitrates in soils suggest a risk of
infiltration of nitrates in subterranean water. The average concentration in nitrates in water
samples were 13.45(2.13) mg/L; 16.40(2.24) mg/L and 32.75(7.32) mg/L at Sémeé-kpodii,
Houéyiho and Ouidah respectively (Table 3). These nitrates concentrations in water were
higher than those reported by [46] in groundwater at Zaria in Nigeria, but lower than the
maximum admissible levels which are 50 mg/L [30]. The concentration of pesticide residues
in soils were 1.298(0.24) ppb; 1.475(0.31) ppb and 0.33(0.09) ppb of equivalent-deltamethrin
at Houéyiho, Sémeé-kpodji and Ouidah respectively.

The overall concentration of nitrates, nitrites and phosphates in soils and number of days
after pesticide treatment explains 68.8% of the variation of the mortality rate observed with
first stage larvae of Aedes aegypti. The mortality recorded with larvae in contact with the
extracts of soils was not only due to the presence of pesticides in soils, but also to the
concentrations of nitrates and phosphates in these samples and thus confirm results of
[37,38,39]. Using Aedes aegypti larvae as bio-indicator is inappropriate to measure pesticide
residues on farms soils where fertilizers are regularly used. However it could be used to
measure pesticide residues on lands put in fallow.
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Table 3. Concentration in pesticides, nitrates, nitrites and phosphates samples of
water and soils from market-gardening areas

Samples Concentration (SD) Concentration Concentration Concentration
in Nitrates in Nitrites in Phosphates
(SD) (SD) (SD)

Groundwater (ng/g d'Eg-deltamethrin) (mg/L) (mg/L) -

from sites

Houéyiho Nd 16.40 (2.24) 0.76 (0.10) -

Seme-kpodji  Nd 13.45(2.13) 0.006 (0.001) -

Ouidah Nd 32.75 (7.32) 0.003 (0.001) -

Soils from (ng/g d'Eqg-deltamethrin) (mg/Kg) (mg/Kg) (mg/Kg)

sites

Houéyiho 1.298 (0.24) 544 .31 3.48 (1.15) 2270.00
(158.40) (612.81)

Seme-kpodji  1.475 (0.31) 1118.44 2.89 (1.04) 772.50
(246.24) (188.15)

Ouidah 0.33 (0.09) 1071.47 4.97 (1.32) 283.33
(226.13) (103.34)

SD: Standard-Deviation

To determine the cause of mortality of larvae of Aedes aegypti in contact with soils from
vegetable production sites, a multiple linear regression model was estimated. The model
estimate was overall significant at the 10% level (Table 4).

Table 4. Determinants of the mortality of the larvae of Aedes aegypti in contact with
market-gardening soils

Parameter Mortality of larvae L1 of Aedes aegypti
Coefficients Standard-Error

Nitrates 0.053** 0.02

Nitrites -7.633 4.203

Phosphates 0.015* 0.005

Number of days after pesticide treatment -0. 042* 0.03

Intercept 1.846 31.086

F 4.42¢

R2?-ajusted 0.688

*, ** indicate significative at 10%, 5%
4. CONCLUSION

The method used makes it possible to detect insecticide residues in vegetables, 4 to 8 days
after chlorpyrifos-ethyl and deltamethrin application at dosages recommended for crop
protection. It proves inappropriate to measure pesticides residues in market-gardening soils
due to the presence of pesticides residues, nitrite, nitrate and phosphate, coming from the
decomposition of fertilizers that may affect the outcomes, i.e mortality of Aedes aegypti
larvae.

Regarding the actual contamination, pesticides residues were found in acceptable quantity in
vegetables produced and sold in Benin and also in vegetables collected just before harvest
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on the fields. Pesticides residues were not detected in the samples of groundwater collected
on production sites.

We conclude that using larvae of Aedes aegypti to assess pesticide contamination status is
inexpensive and easy. It could be used for a monitoring program before running a more
thorough chemical analysis to identify and quantify the pesticide molecules present in
samples. We recommend future research on the sensibility of Aedes aegypti larvae to other
families of pesticides used in vegetable growing in Benin. This would enable researchers to
understand the range of active ingredients of pesticides the bio-indicator can detect.

ACKNOWLEDGEMENTS

We sincerely thank the Mivegec unit of the Research institute for Development (IRD), the
Entomological Research center of Cotonou (CREC) and the Laboratory for water and food
quality control of Cotonou for their contribution to these studies. We thank Jeai-Risa (Jeune
Equipe Associée Internationale Résistance-Insecticide-Santé-Agriculture) team granted by
IRD for their contribution. We thank Professors Martin Akogbeto, Patrick Edorh and
Mansourou Soumanou and Mrs Eliasse Pognon, Bénoit Assogba for their contributions. We
also thank Dallys-Tom Medali for the English corrections.

COMPETING INTERESTS
Authors have declared that no competing interests exist.

REFERENCES

1. Chu YF, Sun J, Wu X, Liu RH. Antioxidant and antiproliferative activities of common
vegetables. Journal of Agricultural and Food Chemistry. 2002;50:6910-6916.

2. Singh J, Upadhyay AK, Prasad K, Bahadur A, Rai M. Variability of carotenes, vitamin
C, E and phenolics in Brassica vegetables. Journal of Food Composition and Analysis.
2007;20(2):106-112.

3. PADAP. Programme d'Appui au Développement Agricole Périurbain au Sud-Bénin,
étude de faisabilité. Tome 2, IIED, Bénin; 2003 158p. French.

4. Tokannou R, Quenum R. Etude sur le sous secteur maraichage au sud Bénin.
Rapport final, AD consult, PAIMAF Bénin; 2007, 122p. French.

5. Pazou EYA, Boko M, Van Gestel CAM, Ahissou H, Laleye P, Akpona S. et al.
Organochlorine and Organophosphorous Pesticide Residues in the Ouémé River
Catchment in the Republic of Benin. Environment International. 2006a;32(5):616-623.

6. Pazou EYA, Laleye P, Boko M, Van Gestel CAM, Ahissou H, Akpona S. et al.
Contamination of Fish by Organochlorine Pesticide Residues in the Ouémé River
Catchment in the Republic of Benin. Environment International. 2006b;32:594-599.

7. Sanborn M, Cole D, Kerr K, Akil C, Sanin LH, Bassil K. Pesticides Literature Review,
Ontario College of Family Physicians, Toronto; 2004.

8. Tomenson JA, Matthews GA. Causes and types of health effects during the use of
crop protection chemicals: data from a survey of over 6,300 smallholder applicators in
24 different countries. Int Arch Occ Env Hea. 2009;82:935-49.

9. Akogbéto M, Djouaka R, Noukpo N. Utilisation des insecticides agricoles au Bénin.
Bulletin de la Société de Pathologie Exotique. 2005;98:400-05. French.

154



10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

British Biotechnology Journal, 3(2): 143-157, 2013

Ahouangninou C, Fayomi BE, Martin T. Evaluation des risques sanitaires et
environnementaux des pratiques phytosanitaires des producteurs maraichers dans la
commune rurale de Tori-Bossito (Sud-Bénin). Cahiers Agricultures. 2011;20(3):216-
222. doi:10.1684/agr.2011.0485. French.

Rosendahl |, Laabs V, Atcha-Ahowé C, James B, Amelung J. Insecticide dissipation
from soil and plant surfaces in tropical horticulture of southern Benin, West Africa.
Journal of Environmental Monitoring. 2009;11:1157-1164.

Thiam M, Touni E. Pesticide poisoning in West Africa. Pesticides News. 2009;85:3-4.
Lund T, Saethre MG, Nyborg I, Coulibaly O, Rahman MH. Farmer Field School-IPM
impacts on urban and peri-urban vegetable producers in Cotonou, Benin. International
Journal of Tropical Insect Science. 2010;30(1):19-31.

Lopez-Blanco MC, Cancho-Grande B, Simal-Gandara J. Comparison of solid-phase
extraction and solid-phase microextraction for carbofuran in water analysed by high
performance liquid chromatography-photodiode-array detection. Journal of
Chromatography A. 2002;963:117-123.

Rial-Otero R, Yague-Ruiz C, Cancho-Grande B, Simal-Gandara J. Solid-phase
microextraction-gas  chromatographic-mass  spectrometric  method for the
determination of the fungicides cyprodinil and fludioxonil in white wines. Journal of
Chromatography. 2002;942(1-2):41-52.

Rial-Otero R, Cancho-Grande B, Simal-Gandara J. Multiresidue method for fourteen
fungicides in white grapes by liquid-liquid and solid-phase followed by liquid
chromatography-diode array detection. Journal of Chromatography A. 2003;992:121-
131.

Gonzalez-Rodrigez RM, Rial-Otero R, Cancho-Grande B, Simal-Gandara J.
Occurrence of fungicide and insecticide residues in trade samples of leafy vegetables.
Food Chemistry. 2008;107(3):1342-1347.

Kin CM, Huat TG, Kumari A. Application of solid-phase microextraction for the
determination of pesticides in vegetable samples by gas chromatography with an
electron capture detector. The Malaysian Journal of Analytical Sciences. 2008;12(1):
1-9.

Osman KA, Al-Humaid AM, Al-Rehiayani SM, Al-Redhaiman KN. Monitoring of
pesticide residues in vegetables marketed in Al-Qassim region, Saudi Arabia.
Ecotoxicology and Environmental Safety. 2010;73:1433-1439.

Lopez-Fernandez O, Rial-Otero R, Gonzalez-Barreiro C, Simal-Gandara J.
Surveillance of fungicidal dithiocarbamate residue in fruits and vegetables. Food
Chemistry. 2012;134(1):366-374.

Markwiese JT, Ryti RT, Hooten MM, Michael DI, Hlohowsky;j |. Toxicity bioassays for
ecological risk assessment in arid and semiarid ecosystems. Reviews of
Environmental Contamination and Toxicology. 2001;168:43-98.

Cooman K, Debels P, Gajardo M, Urrutia R, Barra R. Use of Daphnia spp for the
ecotoxicological assessment of water quality in agricultural watershed in South-
Centra-Chile. Archives of Environmental Contamination and Toxicology. 2005;48(2):
191-200.

Deardorff AD, Stark JD. Acute toxicity and Hazard assessment of spinosad and R-11
to three Cladoceran species and Coho Salmon. Bulletin of Environmental
Contamination and Toxicology. 2009;82(5):549-553.

Palma P, Alvarenga P, Palma V, Matos C, Fernandes RM, Soares A. et al. Evaluation
of surface water quality using an ecotoxicological approach: a case study of the
Alqueva Reservoir (Portugal). Environmental Science and Pollution Research.
2010;17(3):703-716.

155



25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

British Biotechnology Journal, 3(2): 143-157, 2013

Martin T, Chandre F, Chabi J, Guillet PF, Akogbeto M, Hougard JM. A Biological Test
to Quantify Pyrethrinoid in Impregnated Nets. Tropical Medicine and International
Health. 2007;12(2):1-6.

Ahouangninou C, Martin T, Edorh P, Bio-Bangana S, Samuel O, St-Laurent L. et al.
Characterization of health and environmental risks of pesticide use in market-
gardening in the rural city of Tori-Bossito in Benin, West Africa. Journal of
Environmental Protection. 2012;3:241-248. doi: 10.4236/jep.2012.33030

Wan HB, Wong MK, Lim PY, Mok CY. Small-scale multi-residue method for the
determination of organochlorine and pyrethroid pesticide in vegetables. Journal of
Chromatography. 1994;662(1):147-152.

Centre d’Expertise en Analyse Environnementale du Québec. Détermination des
nitrates et des nitrites extractibles dans les matiéres solides : méthode colorimétrique
automatisée avec le sulfate d’hydrazine et le N.E.D. MA. 310 — NO3; 1.0. Ministéere de
I'Environnement du Québec; 2004,15p. French.

Centre d’Expertise en Analyse Environnementale du Québec. (2007). Détermination
du phosphore total dissous et du phosphore total en suspension dans les eaux :
dosage par méthode colorimétrique automatisée avec le molybdate d’ammonium. MA.
303 — P 3.0, Rév. 1. Ministére de Développement Durable, de 'Environnement et des
Parcs du Québec; 2007, 15p. French.

FAO and WHO. “Codex alimentarius®, 2012. Available:
http://www.codexalimentarius.org

Hill BD, Johnson DL. Persistence of deltamethrin and its isomers on pasture forage
and litter. Journal of Agricultural and Food Chemistry. 1987;35(3):373-378.

Wauchope RD, Buttler TM, Hornsby AG, Augustijn-Beckers PWM, Burt JP. The
SCS/ARS/CES Pesticide properties database for environmental decision making. Rev
Environ Contam Toxicol. 1992;123:1-164.

Baig SA, Akhtera NA, Ashfaq M, Asi MR. Determination of the organophosphorus
pesticide in vegetables by high performance liquid chromatography. American-
Eurasian Journal of Agricultural and Environmental Sciences. 2009;6(5):513-519.
Victor TJ, Reuben R. Effects of organic and inorganic fertilizers on mosquito
populations in rice fields of southern India. Med Vet Entomol. 2000;14(4):361-368.
Darriet F, Corbel V. Influence des engrais de type NPK sur l'oviposition d’Aedes
aegypti. Parasite. 2008;15:89-92. French.

Darriet F, Zumbo B, Corbel V, Chandre F. Influence des matiéres végétales et des
engrais NPK sur la biologie de Aedes aegypti (Diptera: Culicidae). Parasite.
2010;17:149-154. French.

Muturi EJ, Jacob GB, Shililu J, Novak R. Laboratory studies on the effect of inorganic
fertilizers on survival and development of immature Culex quinquefasciatus (Diptera:
Culicidae). Journal of Vector Borne Disease. 2007;44:259-265.

Fedorova VG. The effect of mineral fertilizers on mosquito larvae (culicidae).
Parazitologiia. 1989a;23(3):193-199.

Fedorova VG. Mineral fertilizers as regulators of the culicidae population. I. Effect of
nitrophos on Aedes larvae. Med Parazitol. 1989b;Mosk(1):32-34.

Fedorova VG. Mineral fertilizers as regulators of the population count of culicidae. 2.
The action of ammophos on Aedes dorsalis Mg larvae developing in mineralized
reservoirs. Med Parazitol. 1990;Mosk(6):27-28.

Seethre MG, Svendsen NO, Holen B, Assogba-Komlan F, Godonou |. Pesticide
residues analysis for three vegetable crops for urban consumers in Benin. Bioforsk
Report. 2011;6:1-29.

156



42.

43.

44.

45.

46.

British Biotechnology Journal, 3(2): 143-157, 2013

Probst L, Adoukonou A, Amankwah A, Diarra A, Vogl CR, Hauser M. Understanding
change at farm level to facilitate innovation towards sustainable plants protection: a
case study at cabbage production sites in urban West Africa. International Journal of
Agricultural Sustainability. 2012;1:1-20. doi.org/10.1080/ijas.14735903.2012.649589
Birch ANE, Begg GS, Squire GR. How agro-ecological research helps to address food
security issues under new IPM and pesticide reduction policies for global crops
production systems. Journal of Experimental botany. 2011;June:1-11.
doi:10.1093/jxb/err064.

Traoré SK, Mamadou K, Dembele A, Lafrance P, Mazelliert P, Houenou P.
Contamination de I'Eau Souterraine par les Pesticides en Régions Agricoles en Cbote-
d’'lvoire (Centre, Sud et Sud Ouest). Journal Africain des Sciences de
I'Environnement. 2006;1:1-9. French.

Cissé I, Tandia AA, Fall ST, Diop EHS. Usage Incontr6lé des Pesticides en Agriculture
Périurbaine: Cas de la Zone de Niayes au Sénégal. Cahiers Agricultures.
2003;12(3):181-186. French.

Tanko JA, Oluwadamisi EA, Abubakar J. Agrochemical concentration level in Zaria
Dam reservoir and ground waters in the environs. Journal of Environmental Protection.
2012;3:225-32. doi: 10.4236/jep.2012.32028.

© 2013 Ahouangninou et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http.//www.sciencedomain.org/review-history.php ?iid=183&id=11&aid=935

157




