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ABSTRACT  
Background: Algerian agriculture is experiencing a broad evolution in different areas, as the use of pesticides in crop production. Pesticide 
misuse by the farmers remains a risk which may induce the contamination of crops, especially fruits and vegetables. The control of pesticide 
residues content in fruits and vegetables can be a pertinent indicator of the safe use of pesticides by farmers producing fruits or vegetables. 
Objective: The present study put the focus on bifenthrin, one of the most used pesticides at the field in Algeria. Successive treatments with 
bifenthrin active matter were applied on tomatoes and strawberries cultivated in greenhouse. At different times after each treatment, samples 
of fruits were collected for bifenthrin residue analysis in order to evaluate the effect of the successive application with the pesticide. Results: 
The extraction of pesticide residues was carried out by liquid-liquid extraction and residue analysis was performed by GC-MS. Residue 
levels of pesticides were between 250 and 320 µg.kg-1 for strawberries and between 45 and 105 µg.kg-1 for tomatoes. The concentrations of 
bifenthrin in strawberries are exceeding the recommended maximum residues limits (MRL), despite the respect of pre-harvest time and 
applied dose. Conclusion: The accumulation of bifenthrin residue after several treatments was observed. The pre-harvested time established 
for bifenthrin in strawberries is not sufficient to reduce the level of this pesticide under the recommended limit. The implementation of good 
agricultural practices in respect of national regulation, such as the implementation of integrated pest management (IPM) principles, are key-
factors enabling a limitation of the risk of over-contamination of vegetable and fruits protected by persistent pesticides as bifenthin. 
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INTRODUCTION 
 

Production of fruits and vegetables in Algeria markedly increased in recent years, as the result of the 
favorable evolution of agricultural practices in several production areas of eastern Algeria. This increase in crop 
production yield may be in some extent related to a better management of plant protection against pests and 
diseases or weed invasion, accompanied by a significant increase of irrigated areas, and by pesticide use 
intensification. 

Pesticides are now widely used in agriculture to improve product aspect, quality and to increase yields. So, 
the hypothesis of a risk of chronic exposure of Algerian consumers to pesticides residues through fruits and 
vegetables consumption can be formulated. In Algeria, the quantities of pesticides used are about 4 thousand 
Tons in 2013 (Figure1) [1]. One of the mostly used pesticides in orchards and vegetable productions is 
bifenthrin, a synthetic pyrethroid used for insect pest control. Our choice of the evaluation of bifenthrin residues 
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in tomatoes and strawberries coincides with the objectives of the European Commission implementing EU 
Regulations (e.g. the ‘Pesticide package’) No 400/2014 of 22 April 2014 concerning a coordinated multiannual 
control program of the EU for 2015, 2016 and 2017 where they proposed to study this pesticide active substance 
in fruits and vegetables for the coming years [2]. The pesticides issue is related in how they are used by farmers. 
In the absence of practical advice and ‘on the spot’ information, they are not fully awarded about the rules and 
doses to be applied in compliance with good agricultural practices (GAP) enforced in EU Regulations leading to 
the lowering of current minimal usage of pesticides. 

 

 
 
Fig. 1: Pesticide use in Algeria from 2005 to 2013 (FAOSTAT, 2016) 

 
Pesticides are more or less toxic to living organisms at a high dosage, which is generally well controlled. 

More insidious is the chronic exposure to low dose of pesticide either by the farmers when they use them or by 
the consumer of fruit or vegetable contaminated by their residues. The active substance in long-lasting effect of 
pesticide residues is difficult to degrade and may become toxic by the repetitive ingestion of small doses of 
residues remaining in fruits and vegetables of direct consumption after harvest [3]. This toxicity related to their 
molecular structure is not limited to the species that are targeted [4-7], but also to mammals, fish and beneficial 
insects. Diseases of humans caused by pesticides are very different. It has been reported that chronic exposure to 
high dose of pyrethroid may favorize the development of carcinomes in rats [8, 9]. According to EU Regulation 
No 582/2012 of July 2012, approving the active substance bifenthrin, the bifenthrin implementation for 
agricultural pest control should be achieved in accordance with Regulation (EC) No 1107/2009 with the lowest 
risk as possible for users, crop environment and workers on the treated field. Notwithstanding the acceptability 
of ecotoxicological risk scenarios, risk assessment carried out by European Food Safety Agency [10] revealed 
the bioaccumulation potential of bifenthrin especially in France [11]. So, the duration of the approval of 
marketed pesticides containing bifenthrin active substance was reduced of three years in order to confirm the 
absence of risks or include certain conditions and restrictions of use in safer conditions [12]. Although no 
human data were found on carcinogenic effects of bifenthrin [13], the U.S. EPA classified bifenthrin as a 
Category C, i.e. possible human carcinogen. This rating is based on an increased rate of urinary bladder tumors 
in mice, adenoma and adenocarcinoma of the liver in male mice, and bronchio-alveolar adenomas and 
adenocarcinomas of the lung in some female mice. According to Pohanish, bifenthrin is Nerve Toxin and 
Endocrine disruptor suspected [14]. The Honey bee queens fed with sublethal doses of bifenthrin was found to 
lay only 30 % of their eggs [15]. 

Pyrethroid insecticides have greater photostability, enhanced insecticidal activity, and relatively low 
toxicity as compared with organophosphorus insecticides. In order to minimize health risk as well as for 
enforcement activities, monitoring of pyrethroid residues is increasingly important and essential [16].  

Several researchers developed several analytical methods to analyze bifenthrin residues [17, 18]. The 
control of the levels of pesticide residues in fruits and vegetables is of major importance in giving a meaningful 
indicator of the GAP. From the survey of this indicator, it will be possible to support a more reasoned use of 
bifenthrin treatments by farmers. The objective of the present work was the determination of pesticide residues 
in two different models: tomato and strawberry after treatment of these two cultures with bifenthrin. 

 
MATERIAL AND METHODS 

 
1.1. Experimental design 
1.1.1.Description of the experimentation 

This study was carried out on tomato and strawberry culture grown in the greenhouses at two experimental 
stations, far about 20 km east of the capital Algiers. The treatments of fruits and vegetables plants as well as 
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fruit sample collections have been done at the station of Rouïba for tomato, and at the station of Dergana for 
strawberry. This area of horticultural production is part of the Mitidja lowland which is under a Mediterranean 
climate. 

 
1.1.2. Pesticide application (bifenthrin): 

Multi-span greenhouses installed in both stations are equipped with insect-proof and covered by a special 
plastic for greenhouse sheeting. The installed plants within these greenhouses are farmed as soilless culture, 
where the soil is replaced by fibers of coconut, conditioned in plastic bags, in which water and nutrients are 
conveyed through a network of tubing and a pumping station. Each bag was equipped with a drainage system 
for disposal of waste water. The preparation of bifenthrin mixture (water dilution) was manually applied by 
pressurized spraying system in the respect of recommended dose. The treatment was applied at the approved 
dose of bifenthrin prepared from Baton 100EC™ commercial product; the same for the two plants.  

 
1.1.3. Fruit sampling (after treatment): 

After treatment, 60 plants of tomato and 80 plants of strawberry were randomly selected in the 
corresponding greenhouses, from which fruits were harvested for bifenthrin residue analysis.  

The sampling method was adapted from European standard protocols mentioned in literature [19-22]. The 
analysis of pesticide residues was carried out from samples size about 1 kg and the total of samples should be at 
least 10 pieces. To do that: in each linear meter, it was picked up a piece of fruit or vegetable to have at the end 
of the line a sample of about 1 kg which contains at least 10 pieces. Three samples for each culture were 
collected as replicates. The first sampling was performed seven days after the first treatment (d7) and before the 
second treatment. The second and third samplings were achieved one and two weeks after the first one, 
respectively (d14 and d21). Samples were placed in sterile glass jars, immediately bagged in opaque paper and 
then directly placed in a freezer at -18°C to stop residues degradation and fruit decay before the analysis. The 
description of the chronology of the different treatments, the preharvest-time interval and the MRLs for 
respective crops are illustrated in Table 1.                    

  
Table 1: Treatment of strawberry and tomato with the pesticide 

Cultures Treatments 
Commercial 
name 

Active 
substance 

Approved 
Dose 

Pre-harvested time 
MRLs (mg.kg-
1)# 

Strawberry, 
Tomato 

Day 0, Day 7, 
Day 14 

Baton 100EC Bifenthrin 30 ml.hl-1 7 Days 
0.1 
0.3 

# http://ec.europa.eu/sanco_pesticides/public/?event=substance.resultat&s=1 
 
1.2. Analysis of pesticide residues: 
2.2.1 Reagents: 

Pesticide standards of bifenthrin and fenpropathrin (the latter as internal standard), analytical grade quality 
(99%), and purchased from Fluka or offered by Dr. Ehrenstorfer (Sigma-Aldrich, Steinheim, Germany) were 
used as analysis calibration standards. Stock solutions of individual pesticides or pesticide mixture stock 
solutions, at different concentrations, were prepared in n-hexane and stored in the dark at −20°C. The organic 
pesticide-grade solvents, n-hexane, acetone and dichloromethane were purchased from Sigma–Aldrich (St. 
Louis, USA). 

 
2.2.2.Analysis equipment:  

Bifenthrin residus analysis and quantification was carried out in using a gas chromatography-mass 
spectrometry (GC-MS) analyzer (Perkin Elmer Auto-system XL Turbo Mass Gold model), equipped with a 
source of electron impact ionization, single quadrupole analyzer, split-splitless capillary injector with 5μl 
syringe injection, and a data acquisition with a library of mass spectra including a database from three different 
libraries (NIST, NBS and Pfleger). 

 
2.2.3.Extraction of pesticide residues from fruit and vegetables: 

The extraction of pesticide residues used was a standard method (COFRAC method: X01, from the S8 
method of Pesticides Residue Analysis Manual VCH vol-I, 1987 and vol-II 1992). In brief: i/ grinding a sample 
of fruit or vegetable of about 1 kg (Microtron MB 550 Kinematica AG); ii/ Fifty g of the ground material mixed 
with 100 mL acetone; the mixture was stirred and filtered under vacuum in a Buchner funnel (Sartorius, 
Göttingen, Germany); iii/Thereafter, liquid-liquid extraction was achieved after the addition of 300 mL of 
distilled water, 50 ml of NaCl solution à (4g/L) and 70 mL of CH2Cl2; iv/ The organic phase was recovered and 
filtered through a funnel containing Na2SO4; v/ The extract obtained was concentrated with a rotary evaporator 
(Büchi, Flawil, Switzerland); vi/The concentrated solution was recovered by acetone/hexane solution. Finally, 
one µL of the final solution was injected in GC-MS (automatic injection). 
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2.2.4.GC- MS conditions of use: 
The pesticides were analyzed according to the chromatographic conditions described as follows: injected 

volume was 1 μL in splitless mode at oven temperature of 250°C. Chromatographic separation was carried out 
with Elit-5, 5% diphenyl and 95% dimethyl-polysiloxane, capillary column (30 m x 0.25 mm x 0.25 mm), 
helium carrier gas at a flow rate of 1.2 mL.min-1. The thermal program began with an initial temperature of 
70°C hold for 2 min, and then an increase of 25°C.min-1 up to 150°C; then, temperature increase was 3°C.min-1 
up to 200°C. Then, increased at a rate of 8°C.min-1 up to 280°C and maintained at 280°C for 10 min. The 
detector was a mass detector with a source temperature of 230°C, a transfer line temperature of 280°C and an 
ionization potential of 70 eV. The optimization of chromatographic conditions was performed in the scan mode 
at the concentration level of 1 µg.mL-1 for each pesticide. In order to quantify the pesticides in samples, selected 
ion monitoring mode (SIM) was then chosen and three specific ions were selected for each pesticide (Table 2). 

 
2.3. Data Analysis: 

The results obtained are validated by the following criteria: 
 

2.3.2.Linearity Range: 
Is the range within the working range where the results are proportional to the concentration of the analyte 

or measurand present in the sample. 
 

2.3.3.Limit of Detection: 
Is the minimum concentration at which the analyte or measurand can be identified. 
 

2.3.4.Limit of Quantitation: 
Is the minimum concentration of the analyte or measurand that can be quantified with an acceptable level of 

precision and accuracy under the conditions of the test. 
 

2.3.5.Standard deviation: 
The SD is a measure of how widely values are dispersed from the average value (the mean). It allows the 

validity check. 
 

RESULTS AND DISCUSSION 
 
3.1. Chromatographic characteristics: 

The Chromatographic characteristics were optimized in the full scan mode using a standard mixture of 
bifenthrin and fenpropathrin standards, the two at 1 µg.mL−1 concentration. To quantify the pesticides in the 
samples, SIM was chosen and specific ions were selected for each pesticide (Figure 2). Some chemical 
properties and optimized chromatographic characteristics by GC-MS of bifenthrin and fenpropathrin are 
mentioned in Table 2. 

 

 
 
Fig. 2: chromatogram of bifenthrin and fenpropathrin standards obtained by GC-MS on full scan mode. 
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Table 2: Chemical properties of Bifenthrin and fenpropathrin 

Compounds 
Retention Time 
(min) 

Mass ions 
(m/z) 

M.W Molecular formula Molecular structure 

Bifenthrin 29 165, 166, 180. 422.868 C23H22ClF3O2 

 

Fenpropathrin 29.27 55, 97, 181. 
 
349.42 

 

C22H23NO3 

 

 
3.2. Bifenthrin residues recovery rate: 

The recovery rates obtained with the extraction method used for both matrices were 100.85% with a relative 
standard deviation (the standard deviation of the recovery values divided by mean expressed as a percentage) 
(RSD) of 9% for strawberries and 101.4% with RSD of 8.4 % for tomatoes. These results are in agreement with 
those described in literature [23-25]. The method performance data are presented in Table 3. 
 
Table 3: Data Performance of the Method  

Compound Matrix LOD (µg.kg-1) LOQ (µg.kg-1) % Recovery % RSD (n=5) 

Bifenthrin 
Strawberry 

11 37 
100.85 9 

Tomato 101.4 8.4 

 
3.3. Linearity range: 

We selected a range of concentrations from 100 ppb (µL.m-3) to 500 ppb, where both standard and matrix 
curves were linear with a determination coefficient R² > 0.99. These results are consistent with those found in 
scientific literature [26-28]. 

 
3.4. Limits of detection and quantification: 

The limit of detection (LOD) was assessed at 11 µg.kg-1 and the limit of quantification (LOQ) was at 37 
µg.kg-1. These limits are below the provisional MRL of bifenthrin fixed by the EU for tomato and strawberry. 
These results are in agreement with those obtained by other researchers [24, 29, 30]. 

 
3.5. Quantification of the Bifenthrin residues in strawberries and tomatoes: 
 
Table 4: Bifenthrin residues in strawberries and tomatoes in the different samples 

Samples 
Concentration of bifenthrin 
Strawberry (µg.kg-1) Tomato (µg.kg-1) 

1 284 ± 5.7 47 ± 2.8 
2 314 ± 8.5 101 ± 5.7 
3 252 ± 6.2 101 ± 6.5 

 

 
Fig. 3: Evolution of Bifenthrin residues in strawberries and tomatoes with the application of the treatments.  
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The residues of bifenthrin found in strawberry samples are much higher than the acceptable maximum 
residue limit (MRL) fixed in the EU. With strawberries, the amount of residues increase slightly from 284 
µg.kg-1 in the first sample collected 7 days (pre-harvested time) after only one treatment, to 314 µg.kg-1 in the 
second sample 7 days later the second treatment (Figure3). We observed a small decrease in the concentration of 
the bifenthrin residues in the third sample (252 µg.kg-1) resulting from three treatments with one week delay 
between each of them. We noted also that in the three treated samples, there was a kind of stability in the 
concentration of the pesticide residues, the new deposit of bifenthrin by a new treatment compensating the 
natural rate of degradation of the amount of bifenthrin from the previous treatment. We can say that the 
suggested pre-harvested time of 7 days for the bifenthrin in the strawberries isn’t sufficient to decrease the 
concentration of this pesticide in this culture under the recommended level. Table 4 

With tomatoes, it was observed that the residues content of bifenthrin in the second sample (101µg.kg-1) 
represent the double of its concentration in the first sample (47µg.kg-1). For the third sample the concentration 
of bifenthrin residues (101µg.kg-1) was equal to that in the second sample which means that concentration of 
bifenthrin residues was maintained at its higher rate with the replication of the treatment 7 days after the 
previous one. We saw also that the residues content of bifenthrin after each application is lower than the MRL. 
Figure3 

We observed the fluctuation of bifenthrin residue content in both cultures between the different treatments. 
With the strawberries there was observed an increase of 30 µg.kg-1 bifenthrin content between first and second 
treatment, followed by decrease of 62 µg.kg-1 between second and third sampling (Table 4). With the tomato 
there  was observes an increase of 54 µg.kg-1 bifenthrin content between first and second treatment, followed by 
stable content between second and third sampling (Table 4). Natural degradation was observed faster for 
tomatoes than for strawberries. The average level of residues reached 102 µg.kg-1 at a maximum for tomato and 
314 µg.kg-1 for strawberry respectively. This maximum residues content was reached after two applications of 
bifenthrin and at this time these levels exceeded the MRL (Table 4). On this basis, it should be recommended to 
increase a time delay between two treatments with this kind of molecule as a good agricultural practice. 

Mukherjee et al., have studied the kinetics of degradation of bifenthrin in chickpea and pigeon-pea. They 
found concentrations of 980 and 680 µg.kg-1 respectively in these cultures 7 days after the application of this 
pesticide and concentrations of 530 and 230 µg.kg-1 respectively 10 days after the application [31]. Other 
authors have studied the kinetics of degradation of bifenthrin in tea leaves during the wet and dry season. Seven 
days after treatment with bifenthrin, concentrations in tea leaves grown under wet and dry season were 320 and 
130 µg.kg-1 respectively for ones [32] and up to 600 and 4000 µg.kg-1 respectively in black tea for the others 
[33].The results found in the present study are in agreement with those found with the tea leave study but lower 
than that found for chickpea, black tea and pigeon-pea. Other researchers found bifenthrin residues in tomato 
after 7 days of pesticide application [34]. Some authors observed concentrations of 300 and 400 µg.kg-1 of 
bifenthrin in Perilla Leaf after 7 days of two and three successive treatments respectively [35]. According to 
Stanley bifenthrin was found to be persistent up to 30 days in sweet pepper plants [36]. 

 
Conclusion: 

From this case study of degradation of bifenthrin in tomatoes and strawberries mimicking cropping 
practices of Algerian farmers in terms of this pesticide use in the protection of these crops, we produced new 
data on bifenthrin residues accumulation and fate after several treatments. We observed cumulative pattern of 
residues after multiple applications. We showed that in our experimental conditions, the rate of natural 
degradation of bifenthrin residues with time cannot allow complete decay of residue before the new treatment. 
Consequently, we observed an accumulation of residue of this pesticide after several treatments.  The level of 
pesticide residues measured are below the MRL set for tomatoes, whereas these levels are higher than the 
double of the MRLs set for strawberries after three applications. So, successive treatments of pesticides on a 
crop of fruit or vegetable may cause [11] accumulation of the pesticide in the treated fruit or vegetable which 
can exceed the MRL, despite compliance with pre-harvested time and treatment doses approved for these 
insecticides in these fruits and vegetables. So we should revise the use of the bifenthrin for the strawberries 
culture (recommended pre-harvested time and application dose). We can say also that we could not apply 
infinitely pesticide, so we should not exceed a number of treatments for a culture in defined period to not 
surpass the fixed norms. The limitation of pesticide application on horticultural crops and fruits recommended in 
the whole EU is inseparable to the implementation of the principles of Integrated Pest Management (IPM). To 
comply with the EU regulations (e.g. Pesticide package) the use of pesticide must be now considered as the last-
resort solution. All the other control measures recommended with a high priority for the limitation of insect pest 
damage are dealing with varietal tolerance, agricultural practices, physical control means, or biocontrol 
beneficial use. Their development through extension programs in Algeria should limit the risk of consumption 
of fresh fruits and vegetables with residues content higher than MRLs. 

With our work we contribute to enlarge knowledge on pesticide degradation in fruit and vegetables after 
several treatments. This study needs to be followed by others using different pesticides on different crops in 
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order to have a global vision on the behavior of this substances and more understand their degradation for 
reduce products contamination. After that we do not lose from the mind the fate of these pesticides and if they 
give more toxics substance which can affect our health harmfully. 

 
ACKNOWLEDGEMENTS 

 
We are grateful to Francis Fleurat-Lessard for profitable advice for the writing of the manuscript and for the 

discussion of results. 
REFERENCES 

 
[1] FAOSTAT, 2016. Pesticides (use) Algeria. FOOD AND AGRICULTURE ORGANIZATION OF THE 

UNITED NATIONS. 
[2] EC., 2014. Concerning a coordinated multiannual control program of the Union for 2015, 2016 and 2017 to 

ensure compliance with maximum residue levels of pesticides and to assess the consumer exposure to 
pesticide residues in and on food of plant and animal origin. European Union. 

[3] Claver, A., P. Ormad, L. Rodriguez and J.L. Ovelleiro, 2006. Study of the presence of pesticides in surface 
waters in the Ebro river basin (Spain). Chemosphere, 64(9): 1437-43. 

[4] Calderon-Segura, M.E. et al., 2007. Metabolic activation of herbicide products by Vicia faba detected in 
human peripheral lymphocytes using alkaline single cell gel electrophoresis. Toxicology in vitro : an 
international journal published in association with BIBRA, 21(6): 1143-54. 

[5] Matthews, G., 2016. Pesticides : health, safety and the environment, pp: 388. 
[6] Polyrakis, I.T., 2009. Environmental  Pollution  from  Pesticides. In: K.K. R. Costa (Editor), Predictive 

Modeling and Risk Assessment. Springer Science + Business Media, LLC, New York, USA, pp: 201-224. 
[7] Vergucht, S., S.D.V. Misson, C., Vrancken, K. Callebaut, W. Steurbaut, L. Pussemier, J. Marot, H. Maraite, 

P. Vanhaecke, 2006. Health and environmental effects of pesticides and type 18 biocides Belgian Science 
Policy and Department of Crop Protection Chemistry, Belgium. 

[8] Bhanti, M. and A. Taneja, 2007. Contamination of vegetables of different seasons with organophosphorous 
pesticides and related health risk assessment in northern India. Chemosphere, 69(1): 63-8. 

[9] McKinlay, R., J.A. Plant, J.N. Bell and N. Voulvoulis, 2008. Endocrine disrupting pesticides: implications 
for risk assessment. Environment international, 34(2): 168-83. 

[10] EFSA, 2011. Conclusion on the peer review of the pesticide risk assessment of the active substance 
bifenthrin, pp: 101. 

[11] ANSES, 2014. Avis de l’Agence nationale de sécurité sanitaire de l’alimentation, de l’environnement et du 
travail relatif à l’actualisation des indicateurs de risque alimentaire lié aux résidus de pesticides. Saisine 
n°2013-SA-0138, pp : 122. 

[12] UE, 2012. Règlement d'exécution (UE) n° 582/2012 du 02/07/12. 
[13] EPA, 2003. Bifenthrin; Pesticide Tolerance. In: E.P. AGENCY (Editor), USA, pp: 23056-23068. 
[14] Pohanish, R.P., 2015. Sittig's handbook of pesticides and agricultural chemicals. William Andrew 

Publishing, , Elsevier Inc, pp: 998. 
[15] Stanley, J. and G. Preetha, 2016a. Pesticide Toxicity to Pollinators: Exposure, Toxicity and Risk 

Assessment Methodologies. pp: 153-228. 
[16] Wang, S., Z. Wang, Y. Zhang, J. Wang and R. Guo, 2013. Pesticide residues in market foods in Shaanxi 

Province of China in 2010. Food Chem, 138(2-3): 2016-25. 
[17] Kristenson, E.M. et al., 2001. Miniaturized automated matrix solid-phase dispersion extraction of pesticides 

in fruit followed by gas chromatographic–mass spectrometric analysis. Journal of Chromatography A, 
917(1–2): 277-286. 

[18] Pinho, G.P.d., A.A. Neves, M.E.L.R.d. Queiroz and F.O. Silvério, 2010. Pesticide determination in 
tomatoes by solid–liquid extraction with purification at low temperature and gas chromatography. Food 
Chemistry, 121(1): 251-256. 

[19] CE, 2002. la directive 79/700/CEE, pp: 30-43. 
[20] DFG, 1987. Manual of pesticide residue analysis, I. VCHVerlagsgesellschaftmbH,D-6940Weinheim, 

Germany, pp: 443. 
[21] DFG, 1992. Manual of pesticide residue analysis, II. VCHVerlagsgesellschaftmbH,D-6940Weinheim, 

Germany, pp: 443. 
[22] King, M.S.S.C.a.J.W., 2002. Sampling  and  sample  preparation  for food  analysis In: J. Pawliszyn 

(Editor), Comprehensive Analytical Chemistry  XXWIZ. Elsevier  Science  B.V., USA, pp: 869-894. 
[23] EC, 2013. Guidance document on analytical quality control and validation procedures for pesticide residues 

analysis in food and feed, pp: 48. 



69                                                 Moussa Mokhtari and Fazia Mouhouche, 2016 
Advances in Environmental Biology, 10(10) October 2016, Pages: 62-69 

[24] Fenoll, J., P. Hellin, C. Martinez, M. Miguel and P. Flores, 2007. Multiresidue method for analysis of 
pesticides in pepper and tomato by gas chromatography with nitrogen–phosphorus detection. Food 
Chemistry, 105(2): 711-719. 

[25] Pihlstrom, T., G. Blomkvist, P. Friman, U. Pagard and B.G. Osterdahl, 2007. Analysis of pesticide residues 
in fruit and vegetables with ethyl acetate extraction using gas and liquid chromatography with tandem mass 
spectrometric detection. Analytical and bioanalytical chemistry, 389(6): 1773-89. 

[26] Lacina, O., J. Urbanova, J. Poustka and J. Hajslova, 2010. Identification/quantification of multiple pesticide 
residues in food plants by ultra-high-performance liquid chromatography-time-of-flight mass spectrometry. 
Journal of chromatography. A, 1217(5): 648-59. 

[27] Martínez Vidal, J.L., F.J. Arrebola and M. Mateu-Sánchez, 2002. Multi-residue method for determination 
of pesticides in vegetable samples by GC-MS-MS. Chromatographia, 56(7-8): 475-481. 

[28] Menezes Filho, A., F.N. dos Santos and P.A. Pereira, 2010. Development, validation and application of a 
methodology based on solid-phase micro extraction followed by gas chromatography coupled to mass 
spectrometry (SPME/GC-MS) for the determination of pesticide residues in mangoes. Talanta, 81(1-2): 
346-54. 

[29] Kolberg, D.I., O.D. Prestes, Adaime, M.B. and Zanella, R., 2011. Development of a fast multiresidue 
method for the determination of pesticides in dry samples (wheat grains, flour and bran) using QuEChERS 
based method and GC–MS. Food Chemistry, 125(4): 1436-1442. 

[30] Pagliuca, G., T. Gazzotti, E. Zironi and P. Sticca, 2005. Residue analysis of organophosphorus pesticides in 
animal matrices by dual column capillary gas chromatography with nitrogen–phosphorus detection. Journal 
of Chromatography A, 1071(1-2): 67-70. 

[31] Mukherjee, I., R. Singh and J.N. Govil, 2010. Risk assessment of a synthetic pyrethroid, bifenthrin on 
pulses. Bulletin of environmental contamination and toxicology, 84(3): 294-300. 

[32] Tewary, D.K., V. Kumar, S.D. Ravindranath and A. Shanker, 2005. Dissipation behavior of bifenthrin 
residues in tea and its brew. Food Control, 16(3): 231-237. 

[33] Seenivasan, S., 2015. Persistence of bifenthrin in tea and its transfer from black tea to tea brew. Journal of 
Tea Science Research. 

[34] Chauhan, R., S. Monga and B. Kumari, 2012. Dissipation and decontamination of bifenthrin residues in 
tomato (Lycopersicon esculentum Mill). Bulletin of environmental contamination and toxicology, 89(1): 
181-6. 

[35] Jeon, S.-O. et al., 2015. Residual Patterns of Insecticides Bifenthrin and Chlorfenapyr in Perilla Leaf as a 
Minor Crop. Korean Journal of Environmental Agriculture, 34(3): 223-229. 

[36] Stanley, J. and G. Preetha, 2016b. Pesticide Toxicity to Arthropod Predators: Exposure, Toxicity and Risk 
Assessment Methodologies. pp: 1-98. 


