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Abstract: The present study was designed to assess the health risk of pesticide residues via 

dietary intake of vegetables collected from four top agro-based markets of Dhaka, 

Bangladesh. High performance liquid chromatography with a photo diode array detector 

(HPLC-PDA) was used to determine six organophosphorus (chlorpyrifos, fenitrothion, 

parathion, ethion, acephate, fenthion), two carbamate (carbaryl and carbofuran) and one 

pyrethroid (cypermethrin) pesticide residues in twelve samples of three common 

vegetables (tomato, lady’s finger and brinjal). Pesticide residues ranged from below 

detectable limit (<0.01) to 0.36 mg/kg. Acephate, chlorpyrifos, ethion, carbaryl and 

cypermethrin were detected in only one sample, while co-occurrence occurred twice for 

fenitrothion and parathion. Apart from chlorpyrifos in tomato and cypermethrin in brinjal, 

all pesticide residues exceeded the maximum residue limit (MRL). Hazard risk index 
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(HRI) for ethion (10.12) and carbaryl (1.09) was found in lady’s finger and tomato, 

respectively. Rest of the pesticide residues were classified as not a health risk.  

A continuous monitoring and strict regulation should be enforced regarding control of 

pesticide residues in vegetables and other food commodities. 

Keywords: pesticide residues; vegetables; health risk; health hazard; food safety;  

HRI; HPLC-PDA 

 

1. Introduction 

Farmers around the world use different types of pesticides including organochlorines, 

organophosphorus, carbamate and pyrethroid insecticides, fungicides and herbicides against the 

possibility of a devastating crop loss from pests and diseases, as well as to increase agricultural 

productivity to provide adequate food supply for the increasing world population. Over the past couple 

of decades a rapid increase in the quantity and use of pesticides in the agricultural sector has been 

observed and this growth trend is expected to continue for the next decades due to several  

socio-economic and technological developments [1,2]. However, pesticide use has also been 

associated with several concerns, including the potential risks to human health from both occupational 

and non-occupational exposures, the death of farm animals and alteration of the local environment [3]. 

Many of these compounds can cause moderate to severe respiratory and neurological damage or act as 

genotoxic, carcinogenic and mutagenic agents, endocrine disruption, etc., through routes that include 

consumption of dietary residues [4–6]. Very common effects of pesticide residues in human body 

include nausea, vomiting, blurred vision, coma, difficulty in breathing, deficit hyperactivity disorder, 

disorder in fetuses and children, etc. [7–9]. Many pesticides and their residues are also known to be 

contributory factors in several diseases such as cancer, heart diseases, Alzeheimer’s and  

Parkinsonism [10]. The WHO [11] estimates an annual three million cases of acute and severe 

pesticide poisoning worldwide with some 220,000 deaths. The majority of these cases of poisoning 

and deaths occur in developing countries, although far greater quantities of pesticides are used in the 

developed countries [12]. 

Numerous indices can be used to predict pesticide residues intake. The maximum residue limit 

(MRL) is one such index which represents the maximum concentration of a pesticide residue (mg/kg) 

that the Codex Alimentarius Commission recommends be legally permitted in food commodities and 

animal feeds [13]. The acceptable daily intake (ADI) which is the estimated amount of a substance in 

food (expressed on a body weight basis) that can be ingested daily over a lifetime without appreciable 

health risk to the consumer. The estimated daily intake (EDI) of a pesticide residue in a given food is 

obtained by multiplying the residue level in the food by the amount of that food consumed. EDI of 

pesticide residues should be less than its established ADI [13–15]. The hazard risk index (HRI) is 

applied to assess the potential health risk from consumption of pesticide residues containing foodstuff.  

Bangladesh is an agro-dominant country where about 62% of the population is involved directly or 

indirectly in the agricultural sector. The most alarming concern is indiscriminate use of pesticides due 

to their easy availability, relatively cheap cost and ease of application [16,17]. Actually, pesticide 
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residues in food and crops are direct results of application of pesticides to agricultural field and to a 

lesser extent from pesticide residues contaminating the soil [18]. Moreover, sometimes few farmers do 

not wait long enough for the residues to wash off after spraying before harvesting because of their high 

demand for farm products and low perception of the toxic effects of pesticide residues in food [19]. 

Thus, increased use of pesticides in agriculture has resulted in the occurrence of residues in food 

commodities [15] that has always been a matter of serious concern especially when these commodities 

are consumed fresh [20]. Nevertheless, to the best of our knowledge, no investigations of regular 

surveys, monitoring and assessment have been reported on the concentration of pesticides residues in 

vegetables at the market level and related health risk assessment in Dhaka, the capital city of 

Bangladesh. In the present study health risk of a total of six organophosphorus (chlorpyrifos, 

fenitrothion, parathion, ethion, acephate, fenthion), two carbamate (carbaryl and carbofuran) and  

one pyrethroid (cypermethrin) pesticide residues was assessed via dietary intake of three common 

vegetables (tomato, lady’s finger and brinjal) collected from some top agro-based markets of Dhaka. 

High performance liquid chromatography with photo diode array detector (HPLC-PDA) was used to 

determine the concentration of pesticide residues in vegetables and then HRI was calculated from the 

obtained results and other statistics. 

2. Experimental Section 

2.1. Sample Collection and Preparation 

Twelve samples of three vegetables viz., brinjal, lady’s finger and tomato were collected during 

winter season at random basis from four (Hatirpool, Raja Bazar, Karwon Bazar and Mahammudpur) 

vegetable markets of Dhaka City (Figure 1). These are top agro-based markets of Dhaka from where 

most of the vegetables are supplied to the city dwellers. The details of different vegetable samples 

during the experiment are given in Table 1. Sampling was conducted according to the international 

standard guideline [21]. Samples were taken among commodities considering high consumption rate 

and relatively cheap to buy. Four different batches of samples were taken for analysis. The sample size 

was at least 1 kg. Each sample was kept in a separate sterile polyethene bag, sealed, labelled with 

unique sample identity, placed in ice chest box and transported to laboratory. Samples were stored  

at 4 °C until analysis was performed within 24 h. In the laboratory, samples were chopped and ground 

in an electric blender to obtain a homogenous composite. Then 50 g homogenized samples from 

mother vegetable were taken for further analysis.  
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Figure 1. Map of Dhaka city showing the sampling sites. 

 

Table 1. Vegetable samples used for the present research. 

Common Name Scientific Name  Family Edible Part  

Tomato Lycopersicon esculentum L. Solanaceae Fruit 

Lady’s Finger Abelmoschus esculentus L. Malvaceae Fruit 

Brinjal Solanum melongena L. Solanaceae Fruit 

   Sampling   Site 



Foods 2013, 1 68 

 

 

2.2. Chemicals 

Analytical grade acetone (BDH, Poole, England) and n-hexane (Merck, Germany) and HPLC grade 

acetonitrile (Scharlau, Barcelona, Spain) were used as main solvents. Anhydrous Sodium Sulfate 

(Na2SO4) (BDH, Poole, England), Florisil (Magnesium Silicate) (Sigma, St. Louis, MO, USA) and 

Dichloromethane (BDH, Poole, England) were also used while DD n-hexane was prepared in the 

laboratory. Acephate, chlorpyrifos, fenthion, fenitrothion, parathion, ethion, carbaryl, carbofuran and 

cypermethrin standards were of reference grade and purchased from Dr. Ehrenstorfer GmbH, D-86199 

Augsburg, Germany.  

2.3. Extraction 

Fifty grams homogenized sample was extracted with 100 mL solvent mixture  

(hexane:dichloromethane = 9:1) in the presence of 20 g sodium hydrogen carbonate using electric 

blenders at about 20–25 °C. Sixty grams sodium sulphate was added to remove remaining water. The 

slurry was well mixed. The sample solvent mixture was kept in a fume hood for about 15–30 min to let 

the solvent separate from the solid material. The separated solvent was transferred to round bottom 

flask and evaporated in a rotary evaporator (Rotavapor-215, Buchi, Flawil, Switzerland) at 45 °C 

under mild pressure and finally transferred to a vial, and the evaporation was continued with gentle 

nitrogen stream to nearly dryness. The extract was dissolved in hexane and made to a particular 

volume (5 mL).  

2.4. Clean Up  

The samples were cleaned up using the procedure described in elsewhere [22,23]. Florisil column 

chromatography was used to clean up the extract. The florisil (mesh size 60−100) was activated at  

200 °C for 6 h and deactivated with 2% distilled water. The top 1.5 cm of the florisil column was 

packed with anhydrous sodium sulphate. Elution was done with a solvent mixture of double distilled 

hexane (65%) and dichloromethane (35%) at 5 mL/min. The elute was concentrated in a rotary 

vacuum evaporator and transferred to a vial. Solvents were completely removed under mild fresh 

nitrogen flow. The evaporated sample was dissolved in acetonitrile and made to a particular volume  

(5 mL) for analysis by HPLC. 

2.5. HPLC Analysis  

Following the sample clean up, aliquots of the final volume was quantified using a HPLC 

(Shimadzu, Kyoto, Japan) LC-10 ADvp, equipped with an SPD-M 10 Avp attached to a PDA 

(Shimadzu SPD-M 10 Avp, 200–800 nm). The analytical column was a C18 Reverse Phase Alltech  

(250 × 4.6 mm, 5 μm) that was maintained at 30 °C in a column oven. The mobile phase,  

a combination of 70% ACN and 30% water, was filtered using a cellulose filter of 0.45 μm before  

each use. The flow rate was 1.0 mL/min and all solvents used were of HPLC grade. Prior to HPLC 

analysis, the samples were passed through 0.45 μm of nylon (Alltech Associates, IL, USA) syringe 

filters. Twenty microliters samples were manually injected each time. The identification of the 

suspected pesticide was performed, relative to the retention time of the pure analytical standard. 
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Quantification was performed based on the method described elsewhere [16,17]. A typical 

chromatogram from the analysis is shown in Figure 2. 

Figure 2. Typical chromatogram of carbaryl standard injected at 50 mg/kg (retention time 

4.009 min). 

 

2.6. Recovery 

The mean percentage recovery of pesticide residues were calculated using Equation (1): 

Percentage recovery = (CE/CM) × 100 (1) 

where CE is the experimental concentration determined from the calibration curve and CM is the  

spiked concentration. 

2.7. Quantification Procedures 

Tentative identification of the suspected pesticides was carried out in relation to the Retention Time 

(RT) of the pure analytical standards. For this purpose, equal volumes of differently concentrated 

standard solutions of each pesticide were injected into HPLC to prepare calibration. The retention 

featured ±0.05% difference is acceptable. To determine the residual levels of pesticides, Equation (2) 

was used: 

R’ = HAVENDWST/HSTViGS (2) 

where R’ is pesticide residue in vegetable samples (mg/kg), Gs is sample weight (kg), VEND is terminal 

volume of the sample solution (mL), Vi is portion of volume (μL), VEND is injected into HPLC  

column (μL), WST is amount of standard pesticides injected with standard solvent (μg), HA is peak area 

obtained from Vi (mm
2
) and HST is peak area obtained from WST (mm

2
). The calibration curves for 

acephate, chlorpyrifos, fenthion, fenitrothion, parathion, ethion, carbaryl, carbofuran and cypermethrin 

were prepared at 50 mg/kg. 
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2.8. Hazard Risk Index (HRI) Analysis 

From a potential health perspective, it is certainly important to compare exposure estimates to 

established toxicological criteria such as EDI. Actually EDI is a realistic estimation of pesticides 

residues exposure that was calculated in the agreement with the international guidelines [24,25]. EDI 

of pesticide residues for each combination of pesticide and commodity was calculated by multiplying 

the residual pesticide concentration (mg/kg) by the food consumption rate (kg/day) and dividing by a 

body weight of 60 kg for an adult people. The average daily vegetable intake for adult was considered 

to be 0.345 kg/person/day [26]. Then HRI of the residues was computed using the results and other 

statistics followed by Equation (3), modified after EFSA [27]: 

HRI = EDI/ADI (3) 

where EDI is estimated daily intake, ADI is acceptable daily intake. HRI value more than 1 is 

considered as not safe for human health [15]. 

3. Results and Discussion 

3.1. Level of Pesticide Residues in Vegetables 

The level of pesticide residues found in the analyzed samples during the present study is outlined  

in Table 2.  

Table 2. Mean value (mg/kg) of triplicates of pesticide residues in market vegetable samples. 

Sample ID Location Acephate Chlorpyrifos Fenthion Fenitrothion Parathion Ethion Carbaryl Carbofuran Cypermethrin 

BS-1 Hatirpool BDL BDL BDL BDL BDL BDL BDL BDL BDL 

BS-2 Raja Bazar 0.27 BDL BDL 0.29 0.32 BDL BDL BDL BDL 

BS-3 Karwon Bazar BDL BDL BDL BDL BDL BDL BDL BDL 0.36 

BS-4 Mahammudpur BDL BDL BDL BDL BDL BDL BDL BDL BDL 

TS-1 Hatirpool BDL BDL BDL BDL BDL BBL BDL BDL BDL 

TS-2 Raja Bazar BDL 0.18 BDL BDL BDL BDL BDL BDL BDL 

TS-3 Karwon Bazar BDL BDL BDL BDL 0.23 BDL 1.52 BDL BDL 

TS-4 Mahammudpur BDL BDL BDL BDL BDL BDL BDL BDL BDL 

LS-1 Hatirpool BDL BDL BDL BDL BDL BDL BDL BDL BDL 

LS-2 Raja Bazar BDL BDL BDL 0.13 BDL BDL BDL BDL BDL 

LS-3 Karwon Bazar BDL BDL BDL BDL BDL 1.76 BDL BDL BDL 

LS-4 Mahammudpur BDL BDL BDL BDL BDL BDL BDL BDL BDL 

BS: Brinjal sample; TS: Tomato sample; LS: Lady’s finger sample; BDL: Below detection limit (0.01 mg/kg). 

Among the studied pesticides fenthion and carbofuran were absent in the samples. Pesticide 

residues ranged from BDL (<0.01) to 0.36 mg/kg. Acephate, chlorpyrifos, ethion, carbaryl and 

cypermethrin were detected in only one sample each, while co-occurrence followed twice in 

fenitrothion and parathion. Total four, three and two pesticides residues were found in brinjal, tomato 

and lady’s finger sample, respectively. The present research found much higher fenitrothion residue in 

brinjal (eggplant) and lady’s finger compared to other study [28]. Ethion, acephate, parathion and 

chlorpyrifos concentration was also higher than other studies [28–30]. Acephate was reported as  
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0.053 mg/kg in lady’s finger by Sinha et al. [28]. Chen et al. [30] have found the maximum 

concentration of acephate and fenitrothion as 4.082 and 0.651 mg/kg, respectively in different 

vegetables from Xiamen city, China. Carbaryl residue was detected in tomato sample in the present 

work as 1.52 mg/kg. Parent pesticides may be converted to their metabolite and hence, might remain 

below detection limit, though some previous studies have recorded carbamate residues in different 

vegetables in different region of the world [31–34]. Osman et al. [32] recorded the mean concentration 

of carbaryl residue as 0.10 mg/kg in tomato and 0.09 mg/kg in brinjal in Al-Qassim region of  

Saudi Arabia. One brinjal sample was found contaminated with cypermethrin and the concentration of 

pesticide residue found in the present study was higher than those found in other studies [30,35]. There 

may be several reasons for the occurrence of pesticide residues in vegetables. The most common 

reason was using different pesticides in agricultural land to kill insects to ensure proper growth of 

vegetable. Moreover, the majority of farmers do not have enough perception and knowledge about the 

nature of chemical pesticide and its effect on health by consuming pesticide residues [16,17].  

Bio-accumulation and bio-magnification in food chain may also take place that ultimately leads to 

severe health problems.  

Pesticide residues of the present study were compared with MRL (Table 3) established by European 

Union [36] and Codex Alimentarius Commission [13]. It was found that detected pesticide residues 

were higher than MRLs value in all vegetable samples except chlorpyrifos and cypermethrin in tomato 

and brinjal, respectively. However, the persistent nature of the pesticides is of great concern due to 

their bio-accumulative behaviour and toxic biological effects on human [37]. Continuous monitoring 

of residual pesticides level in different food materials from different areas is obvious to understand the 

trend of contamination.  

Table 3. Maximum residue limit (MRL) (mg/kg) of identified pesticide residues in  

several vegetables. 

Pesticide 
Brinjal Lady’s Finger Tomato 

MRL [36] MRL [13] MRL [36] MRL [13] MRL [36] MRL [13] 

Acephate 0.02 NA 0.02 NA 0.02 1 

Chlorpyrifos 0.5 0.5 0.5 NA 0.5 0.5 

Fenitrothion 0.01 NA 0.01 NA 0.01 NA 

Parathion 0.05 NA 0.05 NA 0.05 NA 

Ethion 0.01 NA 0.01 NA 0.01 NA 

Carbaryl 0.05 0.5 0.05 NA 0.5 5 

Cypermethrin 0.5 0.03 0.5 0.5 0.5 0.5 

NA: Not available for commodities analyzed. 

3.2. Daily Intake and Health Risk Assessment 

ADI, EDI and HRI of pesticide residues are given in Table 4. Health indices of acephate, 

fenitrothion, parathion and cypermethrin in brinjal were 0.54, 0.84, 0.37 and 0.047 respectively. The 

highest health indices were found for ethion (10.12) and carbaryl (1.09) in lady’s finger and tomato 

respectively. Therefore the main health risk may be posed by ethion and carbaryl, while the remaining 

pesticide residues present no risk. It is noteworthy that dietary pesticide intakes estimated in this study 
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considered only exposures from vegetables and did not include other food products including fruits, 

grains, dairy, fish, meats, etc. Therefore, estimates are not considered as total dietary exposure to the 

pesticides, nor do we consider drinking water, residential or occupational exposures. So, it is an 

underestimation of the total exposure of pesticides studied. Moreover, not all registered pesticides and 

all vegetable usually consumed were measured in this study. At the same time, processing factors were 

ignored, whereas fruits and vegetables are often peeled, cooked or boiled before consumption, 

resulting in an overestimation of the actual exposure to pesticide residues. Furthermore, the effect of 

pesticides on more vulnerable groups such as children and pregnant women could all affect these 

calculations [30]. At the same time, in many backgrounds no detectable amount of pesticide residues is 

found but this does not necessarily mean that the content is truly zero. The content may just be too low 

for detection with the currently available methods and technology [30,38]. 

Table 4. Health risk assessment based on acceptable daily intake (ADI) of pesticide 

residues in vegetables. 

Pesticide ADI
 
[39] 

(mg/kg/day) 

Brinjal Lady’s Finger Tomato 

EDI 

(mg/kg/day) 

HRI Health 

Risk 

EDI 

(mg/kg/day) 

HRI Health  

Risk 

EDI 

(mg/kg/day) 

HRI Health  

Risk 

Acephate 0.003 0.00155 0.52 No - - - - - - 

Chlorpyrifos 0.003 - - - - - - 0.00104 0.35 No 

Fenitrothrion 0.002 0.00167 0.84 No 0.00075 0.38 No - - - 

Parathion 0.005 0.00184 0.37 No - - - 0.00132 0.26 No 

Ethion 0.001 - - - 0.01012 10.1 Yes - - - 

Carbaryl 0.008 - - - - - - 0.0087 1.09 Yes 

Cypermethrin 0.05 0.00207 0.04 No - - - - - - 

-: Denotes EDI not established for the particular pesticide in particular vegetable. 

4. Conclusions  

Long term accumulation of pesticide residues in the human body via dietary intake of vegetables 

and other food commodities is a severe problem, as indiscriminate amounts of such pesticides are used 

in many countries. Moreover, controlling the pesticide levels seems to be a substantial contemporary 

public health problem to guarantee food quality and to evaluate the health risk. The present research 

was aimed to evaluate the possible health risk of pesticide residues via dietary intake of vegetables in 

Dhaka city, Bangladesh. HPLC-PDA was applied to determine six organophosphorus, two carbamate 

and one pyrethroid pesticide residues in different vegetable samples. The maximum level of pesticide 

residues was 0.36 mg/kg. Only one sample contained acephate, chlorpyrifos, ethion, carbaryl and 

cypermethrin. HRI for ethion and carbaryl made the vegetable risky for human health while others 

were found not to be a health risk. As pesticide residues can bio-accumulate and bio-magnify several 

fold in a food chain over time, continuous and strict monitoring programs should be enforced to check 

and limit these residual levels in food items. 

  



Foods 2013, 1 73 

 

 

Acknowledgement 

The authors are pleased to acknowledge the truthful comments and suggestions of two  

anonymous reviewers. 

Conflict of Interest 

The authors declare no conflict of interest. 

References 

1. Bempah, C.K.; Donkor, A.; Yeboah, P.O.; Dubey, B.; Osei-Fosu, P. A preliminary assessment of 

consumer’s exposure to organochlorine pesticides in fruits and vegetables and the potential health 

risk in Accra Metropolis, Ghana. Food Chem. 2011, 128, 1058–1065. 

2. Ntow, W.J.; Gijzen, H.J.; Drechsel, P. Farmer perceptions and pesticide use practices in vegetable 

production in Ghana. Pest Manag. Sci. 2006, 62, 356–365. 

3. Mansour, S.A.; Belal, M.H.; Abou-Arab, A.A.; Gad, M.F. Monitoring of pesticide and heavy 

metals in cucumber fruits produced from different farming system. Chemosphere 2009, 75,  

601–609. 

4. Hayat, K.; Ashfaq, M.; Ashfaq, U.; Saleem, M.A. Determination of pesticide residues in blood 

samples of villagers involved in pesticide application at District Vehari (Punjab), Pakistan. 

African J. Environ. Sci. Tech. 2011, 4, 666–684. 

5. Choi, S.M.; Yoo, S.D.; Lee, B.M. Toxicological characteristics of endocrine disrupting chemicals: 

Developmental toxicity, carcinogenicity, and mutagenicity. J. Toxicol. Environ. Health B Crit. 

Rev. 2004, 7, 1–24. 

6. Galloway, T.; Handy, R. Immunotoxicity of organophosphorous pesticides. Ecotoxicology 2003, 

12, 345–363. 

7. Rauh, V.A.; Garfinkel, R.; Perera, F.P.; Andrews, H.F.; Hoepner, L.; Barr, D.B.; Whitehead, R.; 

Tang, D.; Whyatt, R.W. Impact of prenatal chlorpyrifos exposure on neurodevelopment in the 

first 3 years of life among inner-city children. Pediatrics 2006, 118, 1845–1859. 

8. EPA (US Environmental Protection Agency). Health and Environmental Effects Profile for 

Carbaryl; Environmental Criteria and Assessment Office, Office of Health and Environmental 

Assessment, Office of Research and Development: Cincinnati, OH, USA, 1984. 

9. EPA (US Environmental Protection Agency). Integrated Risk Information System (IRIS) on 

Carbaryl; National Center for Environmental Assessment, Office of Research and Development: 

Washington, DC, USA, 1999. 

10. Khaniki, G.R. Chemical contaminants in milk and public health concerns: A review. Int. J. Dairy 

Sci. 2007, 2, 104–115. 

11. WHO (World Health Organization in collaboration with UNEP). Public Health Impact of 

Pesticides Used in Agriculture; WHO: Geneva, Switzerland, 1990; pp. 1–129. 

12. Bhanti, M.; Shukla, G.; Taneja, A. Contamination levels of organochlorine pesticides andfarmers’ 

knowledge, perception, practices in rural India—A case study. Bull. Environ. Conta. Toxicol. 

2004, 73, 787–793. 



Foods 2013, 1 74 

 

 

13. FAO/WHO (Food and Agriculture Organization/World Health Organization). Food Standards 

Programme. In Proccedings of Codex Alimentarius Commission. Twenty-Seventh Session, Geneva, 

Switzerland, 28 June–03 July 2004; pp. 1–103. 

14. WHO (World Health Organization). Guidelines for Predicting Dietary Intake of Pesticide 

Residues (Revised). Available online: http://www.who.int/foodsafety/publications/ 

chem/en/pesticide_en.pdf (access on 05 February 2013). 

15. Darko, G.; Akoto, O. Dietary intake of organophosphorus pesticide residuesthrough vegetables 

from Kumasi, Ghana. Food Chem. Toxicol. 2008, 46, 3703–3706. 

16. Chowdhury, M.A.Z.; Banik, S.; Uddin, B.; Moniruzzaman, M.; Karim, N.; Gan, S.H. 

Organophosphorus and carbamate pesticide residues detected in water samples collected from 

paddy and vegetable fields of the Savar and Dhamrai Upazilas in Bangladesh. Int. J. Environ. Res. 

Pub. Health 2012, 9, 3318–3329. 

17. Chowdhury, A.Z.; Jahan, S.A.; Islam, M.N.; Moniruzzaman, M.; Alam, M.K.; Zaman, M.A.; 

Karim, N.; Gan, S.H. Occurrence of organophosphorus and carbamate pesticide residues in 

surface water samples from the Rangpur district of Bangladesh. Bull. Environ. Conta. Toxicol. 

2012, 89, 202–207. 

18. Businelli, A.; Vischetti, C.; Coletti, A. Validation of Koc approach for modeling the fate of some 

herbicides in Italian soil. Fresenius Environ. Bull. 1992, 1, 583–588. 

19. Amoah, P.; Drechsel, P.; Abaidoo, R.C.; Ntow, W.J. Pesticide and pathogen contamination of 

vegetables in Ghana’s urban markets. Arch. Environ. Conta. Toxicol. 2006, 50, 1–6. 

20. Solecki, R.; Davies, L.; Dellarco, V.; Dewhurst, I.; Raaij, M.V.; Tritscher, A. Guidance on setting 

of acute reference dose (ARfD) for pesticides. Food Chem. Toxicol. 2005, 43, 1569–1593. 

21. SAC (Standardization Administration of China). Fresh Fruits and Vegetables-Sampling. GB/T 

8855-2008; The Standardization Administration of China: Beijing, China, 2008; pp. 1–8. 

22. Fardous, Z.; Islam, M.N.; Hoque, S.M.; Chowdhury, M.A.Z.; Rahman, M.A. Determination of 

some selected pesticide residues in tomato from different locations of Bangladesh. Int. J. Sustain. 

Agri. Tech. 2007, 3, 4–7. 

23. Rahman, M.A.; Chowdhury, A.Z.; Moniruzzaman, M.; Gan, S.H.; Islam, M.N.; Fardous, Z.;  

Alam, M.K. Pesticide residues in tobacco leaves from the Kushtia district in Bangladesh. Bull. 

Environ. Contam. Toxicol. 2012, 89, 658–663. 

24. FAO (Food and Agriculture Organization). Submission and Evaluation of Pesticide Residues Data 

for the Estimation of Maximum Residue Levels in Food and Feed; FAO: Rome, Italy, 2002;  

pp. 1–279. 

25. Risk Management and Food Safety. Report of a Joint FAO/WHO Consultation. Rome, Itlay, 27 to 

31 January 1997. Available online: ftp://ftp.fao.org/docrep/fao/w4982e/w4982e00.pdf (accessed 

on 05 February 2013). 

26. Wang, X.; Sato, T.; Xing, B.; Tao, S. Health risks of heavy metals to the general public in Tianjin, 

China via consumption of vegetables and fish. Sci. Total Environ. 2005, 350, 28–37. 

27. EFSA Scientific Colloquium Summary Report. Cumulative Risk Assessment of Pesticides to 

Human Health: The Way Forward. Available online: http://www.efsa.europa.eu/en/supporting 

/doc/colloquiapesticides.pdf (access on 05 February 2013). 



Foods 2013, 1 75 

 

 

28. Sinha, S.N.; Rao, M.V.V.; Vasudev, K. Distribution of pesticides in different commonly used 

vegetables from Hyderabad, India. Food Res. Int. 2012, 45, 161–169. 

29. Farag, R.S.; Latif, A.M.S.; El-Gawad, A.E.; Dogheim, S.M. Monitoring of pesticide residues in 

some Egyptian herbs, fruits and vegetables. Int. Food Res. J. 2011, 18, 659–665. 

30. Chen, C.; Qian, Y.; Chen, Q.; Tao, C.; Li, C.; Li, Y. Evaluation of pesticide residues in fruits and 

vegetables from Xiamen, China. Food Cont. 2011, 22, 1114–1120. 

31. Latif, Y.; Sherazi, S.T.H.; Bhanger, M.I. Assessment of pesticide residues in commonly used 

vegetables in Hyderabad, Pakistan. Ecotoxicol. Environ. Safety 2011, 74, 2299–2303. 

32. Osman, K.A.; Al-Humaid, A.I.; Al-Rehiayani, S.M.; Al-Redhaiman, K.N. Estimated daily intake 

of pesticide residues exposure by vegetables grown in greenhouses in Al-Qassim region,  

Saudi Arabia. Food Cont. 2011, 22, 947–953. 

33. Dhas, S.; Srivastava, M. An assessment of carbaryl residues on brinjal crop in an agricultural field 

in Bikaner, Rajasthan, India. Asian J. Agri. Sci. 2010, 2, 15–17. 

34. Chun, O.K.; Kang, H.G. Estimation of risks of pesticide exposure, by food intake, to Koreans. 

Food Chem. Toxicol. 2003, 41, 1063–1076. 

35. Chandra, S.; Mahindrakar, A.N.; Shinde, L.P. Determination of cypermethrin and chlorpyrifos in 

vegetables by GC-ECD. Int. J. ChemTech Res. 2010, 2, 908–911. 

36. EU MRLs in View of the First Establishment of Annex II to Regulation (EC) N. 396/2005. 

Available online: http://ec.europa.eu/food/plant/protection/pesticides/pesticide_res_annex_ii.xls 

(accessed on 10 December 2012). 

37. Tanabe, S.; Prudente, M.S.; Kan-atireklap, S.; Subramanian, A. Mussel watch: Marine pollution 

monitoring of butyltins and organochlorines in coastal waters of Thailand, Philippines and India. 

Ocean Coast. Manag. 2000, 43, 819–839. 

38. Pesticides. Food Monitoring, 1998–2003. Part 2. Available online: http://www.foedevarestyrelsen.dk 

/Publikationer/Alle%20publikationer/2005002.pdf (accessed on 05 February 2013). 

39. AG (Australian Government). Acceptable Daily Intakes for Agricultural and Veterinary 

Chemicals; Office of Chemical Safety, Department of Health and Ageing: Canberra, Australia, 

2005; pp. 1–115. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


