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Abstract: A total of 125 samples of commonly consumed fruits and vegetables were 

collected from different local markets in Jordan during 2016. The collected samples 

included: apples, grapes, tomatoes, potatoes and cucumbers. All samples were subjected to 

multi-residue analysis for 17 pesticides including different types of pesticides, such as: 

organochlorine, organophosphorus, bromopropylate and permethrin. Pesticide residues 

were determined by gas chromatography equipped with electron capture detector. The 

compliance of the detected residues with the international maximum residue limits was 

evaluated. The estimated average dietary intake for the examined pesticides in fruits and 

vegetables was calculated and health risk was assessed for each pesticide by calculating the 

value of hazard risk index. The data revealed that 40.5% of the investigated fruit and 

vegetable samples contained residues of the monitored pesticides that exceeded the 

maximum residue limit values. Cucumber was found to be the most contaminated 

commodity, with an average pesticide residue of 3.32 mg/kg in all the samples. Health risk 

assessment indicates that endrin, heptachlor, heptachlorepoxide, dieldrin and aldrin had 

potential health risk, since their health risk indices exceeded the acceptable limits by 

several orders of magnitude, while the levels of the rest of pesticides showed no risk to 

consumer health. 
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Introduction 

Pesticides have been used for many years to 

prevent or control pests, in order to improve the 

quality and the yield of agricultural products
[1]

. 

However, pesticides were found to be poisonous 

and toxic. Exposure to pesticides can cause a 

number of health problems, as they are linked to 

many human diseases. In addition, pesticides 

have the ability to persist in the environment and 

accumulate along the food chain, thereby 

increasing the risk of their use
[2]

.  

It has been proven that organochlorine 

pesticides (OCPs) can cause chronic diseases in 

humans and animals due to their high 

persistence, toxicity and high order of 

bioaccumulation
[3,4]

. In 2002, Stockholm Con-

vention on persistent organic pollutants (POPs) 

classified most OCPs as environmental hazards 

and banned their use
[5]

. This urges the 

replacement of OCPs with less harmful 

alternatives, such as organophosphorus pes-

ticides (OPs), bromopropylate and permethrin. 

Nowadays, among the different types of 

pesticides, organophosphorus pesticides (OPs) 

are the most widely used in agricultural pest 

control
[6]

. The continuous use of organo-

phosphorus pesticides increases the possibility of 

finding their residues in fruits and vegetables, 

which could affect the alimentary security. In 

2015, the World  Health Organization (WHO) 
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and European Union (EU)
[7]

 updated the 

established legal directives to control levels of 

pesticides in fruits and vegetables called 

maximum residue levels (MRLs) that should not 

be exceeded in fruits and vegetables in order to 

ensure safe consumption of these commodities. 

Complete information about pesticides’ MRL 

values is available at EU pesticide database
[8]

. 

In Jordan, pesticides are applied on a wide 

variety of fruits and vegetables during the 

periods of harvesting and production. Farmers in 

Jordan were noticed using large amounts of 

pesticides during the entire period of growth of 

fruits and vegetables without control, even at the 

fruiting stage. Sometimes, farmers ignore the 

recommended waiting period between harvesting 

and last spraying, resulting in higher pesticide 

residues in food commodities
[9]

. Jordan has 

signed the Stockholm convention on persistent 

organic pollutants; however, some banned 

pesticides are still in use. 

In general, food is the main exposure route to 

pesticides. Exposure to pesticide residues 

through diet is assumed to be five orders of 

magnitude higher than other exposure routes, 

such as air and drinking water
[10,11]

. Fruits and 

vegetables constitute a major part of the human 

diet, as they significantly contribute to the 

necessary intake of nutrients and vitamins. 

According to the WHO
[12]

, fruits and vegetables 

constitute the most frequently consumed food 

group and comprise about 30% of the average 

food consumption. Therefore, among the entire 

food groups, fruits and vegetables are expected 

to be a major exposure source, particularly 

because most of these commodities are 

consumed raw or semi-processed, thus they are 

expected to contain the highest pesticide residues 

compared to other food groups of plant origin
[13]

.  

In recent decades, increased attention to food 

safety has prompted legislating authorities to 

establish pesticide management programs in 

order to limit the risk associated with 

consumption of pesticides through food 

commodities. Continuous monitoring of 

pesticide levels in fruits and vegetables as well 

as the knowledge about their potential health 

risks are the most crucial steps in these 

programs. Such data is vital for stakeholders, in 

order to protect consumer health, improve 

management of agricultural resources and 

prevent economic losses. This kind of 

information is also important for exporters who 

need to be certain that their products meet the 

requirements of international markets, in terms 

of pesticide residues and their health risk, in 

order to open more markets and attract fair 

prices.  

Many publications have appeared in recent 

years that involve monitoring studies of the 

amounts of pesticides in fruits and vegetable in 

different countries 
[6,10,11,14]

. Moreover, several 

publications have documented the health risk 

associated with many pesticides
[15-17]

. However, 

to the authors’ best knowledge, very few 

publications are available that monitor the 

amount of pesticides in fruits and vegetables in 

Jordan
[9]

. Furthermore, no publications were 

found that address the risk assessment of 

pesticides in Jordan.  

The aim of this study is to determine the level 

of 17 pesticides in some fruits and vegetables 

from local markets that are widely consumed by 

Jordanian people; namely, apples, grapes, 

cucumbers, potatoes and tomatoes. The 

investigated pesticides include 13 organo-

chlorine pesticides (α –HCH (Hexachlorocyclo-

hexane), HCB (Hexachlorobenzene), ß-HCH, 

Heptachlor, aldrin, heptachlorepoxide, p,p`-DDE 

(Dichlorodiphenyl dichloroethylene), dieldrin, 

o,p`- DDD (Dichlorodiphenyl dichloroethane), 

Endrin, o,p`-DDT, p,p`-DDD, p,p`-DDT (Di-

chlorodiphenyl trichloroethane), two organo-

phosphorus pesticides (malathion and chlor-

pyrifos), bromopropylate and permethrin. Some 

of these pesticides are studied for the first time in 

Jordanian food, such as malathion. The level of 

the investigated pesticides will be compared to 

the EU’s MRL values. In addition, this paper 

will present, for the first time in Jordan, the 

results of health risk assessment associated with 

each of the studied pesticides. Verification, 

justification and rationalization of the obtained 

results will also be introduced in this article. 

Such interpretation is expected to be useful, as 

we can combine the obtained results to develop 

more effective pesticide management programs.  

Experimental 

Chemicals and Reagents 

Pesticide standards (All standards of 97% - 

99% purity): α -HCH, HCB, ß-HCH, Heptachlor, 

aldrin, heptachlor-epoxide, p,p`-DDE ,dieldrin, 

o,p`- DDD, Endrin, o,p`-DDT, p,p`-DDD, p,p`-

DDT, malathion , chlorpyrifos, bromopropylate, 

permethrin and isodrin as internal standard were 

purchased from Dr. Ehrenstorfer (Augsburg, 
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Germany). Hypersel C18 columns, 500 mg with 

8 ml capacity, were purchased from Thermo 

Scientific (Waltham, MA). Sodium hydroxide 

and anhydrous sodium sulfate, extra pure for 

analysis, were purchased from Fluka, 

Switzerland. The solvents were of GC grade; n-

hexane, ethyl acetate and acetone were supplied 

from TEDIA, USA. Acetonitrile was purchased 

from CarloErba, Italy. 

Sampling and Sample Locations 

A total of 125 samples of fruits and 

vegetables were collected from local markets 

located in southern (Al-Aqaba, Al-Karak and Al-

Ghour), central (Amman) and northern (Irbid) 

parts of Jordan during 2016 (sampling sites are 

shown in Figure 1). Fruit samples included 

apples and grapes, while vegetable samples 

included tomatoes, potatoes and cucumbers. The 

samples were selected from different markets in 

each of the five studied areas in Jordan. The 

sample size was at least one kg of small and 

medium-size fresh products. All samples were 

sealed, labeled and placed in an ice box. Then, 

they were kept refrigerated at 5
o
C. Afterwards, 

these samples were extracted (within 24 hrs of 

collection) and analyzed for pesticide residues. 

For the analysis, only the edible parts were 

included.  

 
Figure 1. Map of Jordan indicating sampling sites. 

Sample Extraction and Clean-Up 

Frozen chopped samples were kept at room 

temperature for about 4 hours, then 5 samples 

from different markets in each region were 

homogenized well in order to get a 

representative sample. The liquid-liquid 

extraction method of our samples was carried out 

according to procedures described by Bempah et 

al.
[14]

 with slight modification. Approximately 

15.0 g of the homogeneous sample were 

thoroughly mixed with 40 mL of acetonitrile for 

organochlorine pesticides, whilst 40 mL of ethyl 

acetate were used for the rest of the targeted 

pesticides. To enhance the extraction method, 10 

g of sodium chloride (NaCl) were added into a 

clean, dry and labeled conical flask containing 

20 g of anhydrous sodium sulfate (Na2SO4) and 

5 g of sodium hydrogen carbonate (NaHCO3) 

and thoroughly mixed for 3 minutes using a 

blender. The sample was then centrifuged for 5 

minutes at 3,000 rpm to separate the two phases. 

A 15 mL of the supernatant was transferred to a 

clean glass tube. A solid phase extraction SPE 

was carried out using SPE cartridge according to 

the method published by the Ministry of Public 

Health, Welfare and Sport in the Netherlands 

with slight modification
[18]

. The C-18 SPE (500 

mg/8 mL) cartridges were conditioned with 3 

mL of a mixture solution of acetone: n-hexane 

(1:2, v/v). Then, 15-mL of samples were loaded 

into the cartridges and passed through at a flow 

rate of 3–4 mL/min. Finally, the cartridges were 

eluted using 10 mL (3, 3, 4 mL) of n-hexane for 

organochlorine pesticides and 10 mL (3, 3, 4 

mL) of ethyl acetate for the rest of pesticides at a 

flow rate of 1 mL/min. The pooled extracts were 

evaporated to dryness using a gentle stream of 

nitrogen. The residues were reconstituted in 1 

mL of n-hexane containing 1 µg/mL internal 

standard (isodrin) and 1 µL was injected onto the 

GC column.  

GC/ECD Working Conditions  

Measurements were carried out on a Varian 

GC 3800 gas chromatograph equipped with an 

Electron Capture Detector GC/ECD.  Chroma-

tographic separation was done on a BPX-5 of 30 

m capillary column with 0.25 mm internal 

diameter and 0.25 μm film thickness for all types 

of pesticides. The oven temperature program was 

set as follows: initial temperature was set at 

150˚C for 5 min and ramped at 14˚C/min to 

220˚C for 20 min and then to 250˚C at a rate of 

20˚C/min for 10 min. The injector setting is on 

split mode, with a split ratio of 1:10 and the 

injection temperature was 250˚C at a pressure of 

1.441 bar. The detector temperature was 300˚C 

in “constant makeup flow” mode. The residue of 

pesticide was identified based on comparison of 
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the measured relative retention times to those of 

known standards. The residue levels of 

pesticides were quantitatively determined by the 

external standard method using peak area.  

Method Validation 

For calculation of data performance, 

calibration was carried out with five 

concentration levels for pesticides in the range of 

0.1-1.0 µg/mL. The correlation coefficients were 

between 0.993 and 0.996, indicating a good 

linearity of the calibration function in these 

concentration ranges. The detection limits 

(LOD) were obtained by diluting the standard 

mixture solution to a concentration which gave a 

ratio of signal to noise (S/N) equal to three, 

while quantitation limits (LOQ) were calculated 

with a (S/N) ratio equal to 10. Instrument LOD 

and LOQ were calculated using standard mixture 

injection. Method detection limit (MLOD) and 

method quantitation limit (MLOQ) were 

calculated using blank spiked with standard 

mixture. In this study, we have used five 

different blank samples for each type of food 

commodity (apples, grapes, tomatoes, potatoes 

and cucumbers). These blanks were extracted, 

cleaned-up and analyzed according to the 

method mentioned in Section 2.3, then used in 

the fortification test at different levels of target 

pesticides. All the values of LOD, LOQ, MLOD 

and MLOQ are shown in Table 1. 

Table 1. Retention time (tR), instrument detection limits (LOD), instrument quantitation limits 

(LOQ), method detection limit (MLOD) and method quantitation limit (MLOQ) for target 

pesticides.  

Pesticides Retention time [min] 
Instruments Methods 

LOD (µg/L) LOQ (µg/L) MLOD (µg/kg) MLOQ (µg/kg) 

α-HCH 8.3 0.40 1.30 1.8 6.0 

HCB 8.5 0.50 1.60 2.4 8.0 

β-HCH 9.0 1.90 6.30 10.2 34.0 

Heptachlor 10.3 0.70 2.30 3.7 12.33 

Malathion 10.9 0.31 1.03 1 3.33 

Aldrin 11.0 0.13 0.40 2.1 7.00 

Chlorpyrifos 11.2 0.82 2.73 5 16.7 

Heptachlor epoxide 12.0 0.21 0.70 2.2 7.33 

p,p'-DDE 13.6 1.90 6.30 8.1 27.00 

Dieldrin 13.7 0.30 1.00 1.5 5.00 

o,p'-DDD 13.9 7.30 24.3 15.3 51.0 

Endrin 14.5 0.49 1.60 3.4 11.30 

o,p'-DDT 15.2 3.30 11.00 14.3 47.7 

p,p'-DDD 15.4 3.60 12.00 17.2 57.33 

p,p'-DDT 17.0 3.80 12.60 16.5 55.0 

Bromopropylate 20.5 0.78 2.60 5 16.7 

Permethrin 31.5 1.24 4.13 13 43.3 

Recovery and method precision were checked 

by spiking blanks with three different standard 

concentrations (low, medium and high) to get 

final concentrations of 0.10, 0.50 and 1.0 µg/kg. 

Recovery tests were done in triplicate at different 

times and the results were ranging between 74% 

and 116%. On the other hand, the relative 

standard deviations were ranging between 1.3% 

and 15.7%. Almost, the recoveries were found to 

be within the acceptable range for trace analysis 

of 80%-120 %
[19]

. 

Results and Discussion 

Pesticide Residues in the Analyzed Samples 

Each extract was injected onto the GC/ECD 

column three times. Table 2 shows the results of 

analysis of pesticide residues in fruit and 

vegetable samples, presented as the mean value 

± standard deviation for each compound. All the 

results are also represented in Figures 2 and 3. 

The concentrations of organophosphorus, 

organochlorine, bromopropylate and permethrin  
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Table 2. Concentrations of target pesticides in all samples (± s × 10
-2

, mg/kg), maximum residue levels (MRL, mg/kg) 

  Dieldrin o,p'-DDD Endrin o,p'-DDT p,p'-DDD p,p'-DDT Bromopropylate Permethrin 

Apples MRL (mg/kg) → 0.01 0.05 0.01 0.05 0.05 0.05 0.01 0.05 

 Amman < 0.0770 nd < 0.0770 0.021±0.87 nd 0.024±0.07 < 0.070 0.0250±0.43 

 Al-Ghour < 0.0770 nd 0.005±0.54 < 0.0707 nd nd < 0.070 0.061±0.94 

 Irbid 0.299±0.53 0.107±0.68 0.078±0.88 0.022±0.43 nd 0.518±0.46 0.008±0.05 < 0.013 

 Al-Karak < 0.0770 nd < 0.0770 < 0.0707 nd < 0.0760 0.138±0.76 nd 

 Al-Aqaba nd nd < 0.0770 < 0.0707 < 0.0707 < 0.0760 0.171±0.43 < 0.013 

Grapes MRL (mg/kg) → 0.01 0.05 0.01 0.05 0.05 0.05 0.01 0.05 

 Amman < 0.0770 nd < 0.0770 nd nd < 0.0760 0.032±0.32 0.113±0.06 

 Al-Ghour 0.004±0.02 nd 0.013±0.03 < 0.0707 nd 0.034±0.06 nd 0.122±0.23 

 Irbid < 0.0770 nd < 0.0770 < 0.0707 < 0.0707 < 0.0760 0.005±0.43 0.038±0.03 

 Al-Karak < 0.0770 nd < 0.0770 < 0.0707 < 0.0707 < 0.0760 0.006±0.02 0.261±0.99 

 Al-Aqaba 0.004±0.01 nd 0.013±0.03 < 0.0707 < 0.0707 < 0.0760 nd 0.017±0.43 

Tomatoes MRL (mg/kg) → 0.01 0.05 0.01 0.05 0.05 0.05 0.01 0.05 

 Amman 0.054±0.32 0.059±0.06 0.073±0.44 0.057±0.33 < 0.0707 0.061±0.55 < 0.070 0.021±0.94 

 Al-Ghour nd nd < 0.0770 < 0.0707 nd nd 0.005±0.54 0.075±0.43 

 Irbid 0.072±0.04 0.068±0.33 0.053±0.04 0.051±0.44 nd 0.199±0.43 < 0.070 0.045±0.03 

 Al-Karak 0.027±0.09 0.115±0.39 0.051±0.94 nd nd 0.155±0.80 0.010±0.44 0.065±0.45 

 Al-Aqaba 0.004±0.47 nd < 0.0770 nd < 0.0707 < 0.0760 0.014±0.36 < 0.013 

Potatoes MRL (mg/kg) → 0.01 0.05 0.01 0.05 0.05 0.05 0.01 0.05 

 Amman 0.034±0.09 0.10±0.87 0.046±0.22 0.180±0.09 nd 0.020± 0.07 nd 0.015±0.87 

 Al-Ghour 0.014±0.01 0.354±0.44 0.052±0.56 0.036±0.98 nd nd < 0.070 0.048±0.43 

 Irbid 0.060±0.76 0.115±0.59 0.101±0.38 0.049±0.57 nd nd 0.007±0.54 0.076±0.09 

 Al-Karak 0.008±0.09 < 0.0707 nd nd nd nd < 0.070 0.038±0.24 

 Al-Aqaba 0.006±0.03 nd < 0.0770 < 0.0707 < 0.0707 < 0.0760 nd nd 

Cucumbers MRL (mg/kg) → 0.02 0.05 0.01 0.05 0.05 0.05 0.01 0.05 

 Amman 0.545±0.44 0.820±0.01 0.065±0.01 nd nd 0.172±0.98 0.006±0.49 0.016±0.01 

 Al-Ghour 0.144±0.03 0.140±0.08 0.161±0.30 < 0.0707 nd 0.713±0.08 < 0.070 0.009±0.03 

 Irbid 0.240±0.34 0.338±0.38 0.202±0.32 0.263±0.35 nd 1.01±0.56 0.008±0.57 0.062±0.02 

 Al-Karak 0.694±0.39 0.319±0.23 0.124±0.43 nd nd 0.346±0.04 0.200±0.39 0.047±0.01 

 Al-Aqaba nd nd < 0.0770 < 0.0707 nd < 0.0760 < 0.070 0.173±0.46 
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  α-HCH HCB β-HCH Heptachlor Malathion Aldrin Chlorpyrifos Heptachlorepoxide p,p'-DDE 

Apples MRL (mg/kg) → 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.05 

 Amman < 0.0018 0.003±0.86 < 0.0102 0.010±0.65 0.953±0.95 0.004±7.57 < 0.070 0.045±7.70 < 0.0787 

 Al-Ghour < 0.0018 < 0.0024 < 0.0102 0.016±0.24 0.167±0.98 0.019±0.21 < 0.070 < 0.0777 nd 

 Irbid 0.265±0.44 0.165±0.76 0.261±0.77 0.066±0.31 0.540±0.66 0.316±0.87 0.024±0.09 0.021±0.43 0.044±0.72 

 Al-Karak < 0.0018 0.003±0.65 < 0.0102 0.035±0.46 0.024±0.87 0.006±0.76 0.024±0.09 < 0.0777 < 0.0787 

 Al-Aqaba < 0.0018 0.004±0.97 < 0.0102 0.013±0.73 0.015±0.54 0.006±0.05 < 0.070 0.041±0.09 nd 

Grapes MRL (mg/kg) → 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.05 

 Amman 0.005±0.94 0.003±0.91 < 0.0102 0.016±0.03 0.009±0.06 0.014±0.04 < 0.070 nd < 0.0787 

 Al-Ghour 0.004±0.04 < 0.0024 0.011±0.04 0.045±0.54 0.045±0.78 0.037±0.14 < 0.070 < 0.0777 0.014±0.08 

 Irbid < 0.0018 < 0.0024 < 0.0102 0.020±0.43 0.037±0.94 0.007±0.08 < 0.070 nd < 0.0787 

 Al-Karak < 0.0018 < 0.0024 < 0.0102 0.043±0.54 0.004±0.06 0.006±0.03 < 0.070 nd < 0.0787 

 Al-Aqaba < 0.0018 < 0.0024 < 0.0102 0.009±0.04 0.008±0.09 0.026±0.25 < 0.070 < 0.0777 < 0.0787 

Tomatoes MRL (mg/kg) → 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.05 

 Amman 0.091±0..04 0.081±0.86 0.054±0.57 0.054±3.09 0.016±0.87 0.015±0.45 < 0.070 0.039±0.06 0.085±0.04 

 Al-Ghour < 0.0018 < 0.0024 < 0.0102 0.038±0.33 0.014±0.98 0.016±0.09 < 0.070 nd nd 

 Irbid 0.209±0.32 0.035±0.39 0.731±0.48 0.052±0.04 0.090±0.54 0.075±0.05 < 0.070 0.012±0.03 0.029±0.43 

 Al-Karak 0.212±0.33 0.136±0.03 0.048±0.05 0.097±0.12 0.098±0.09 0.057±0.04 < 0.070 0.031±0.33 0.078±0.56 

 Al-Aqaba < 0.0018 < 0.0024 < 0.0102 0.031±0.04 0.022±0.98 0.044±0.65 < 0.070 nd nd 

Potatoes MRL (mg/kg) → 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.05 

 Amman 0.210±0.03 0.284±0.08 0.045±0.32 0.105±0.38 0.089±0.33 0.045±0.22 < 0.070 0.049±0.39 0.270±0.38 

 Al-Ghour 0.301±0.04 0.129±0.43 0.044±0.32 0.038±0.44 0.821±0.01 0.277±0.39 < 0.070 0.420±0.67 0.093±0.56 

 Irbid 0.310±0.34 0.211±0.08 0.187±0.32 0.070±0.78 0.013±0.08 0.366±0.54 < 0.070 0.213±0.02 0.109±0.87 

 Al-Karak 0.004±0.34 < 0.0024 0.015±0.32 0.006±0.49 0.024±0.07 0.042±0.86 < 0.070 0.004±0.33 < 0.0787 

 Al-Aqaba < 0.0018 < 0.0024 < 0.0102 0.021±0.04 0.033±0.02 0.004±0.22 < 0.070 nd < 0.0787 

Cucumbers MRL (mg/kg) → 0.01 0.01 0.01 0.01 0.02 0.02 0.05 0.01 0.05 

 Amman 0.225±0.43 0.208±0.55 0.358±0.26 0.092±0.98 0.016±0.43 0.179±0.09 0.007±0.03 0.84±0.23 0.233±0.34 

 Al-Ghour 0.457±0.80 0.728±0.54 0.237±0.43 0.227±0.25 0.005±0.09 0.301±0.04 < 0.070 0.209±0.02 0.066±0.09 

 Irbid 0.134±0.09 0.974±0.05 0.136±0.32 0.086±0.32 0.024±0.32 0.146±0.43 < 0.070 1.02±0.01 0.345±0.03 

 Al-Karak 0.857±0.43 0.436±0.05 0.257±0.09 0.126±0.32 0.016±0.25 0.249±0.35 < 0.070 0.312±0.22 0.157±0.27 

 Al-Aqaba 0.006±0.04 < 0.0024 < 0.0102 0.015±0.43 0.009±0.55 0.077±0.25 < 0.070 nd nd 
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Figure 2. Concentrations of OCPs in fruit and vegetable samples. 

 
Figure 3. Concentrations of organophosphorus, bromopropylate and permethrin pesticides in fruit and 

vegetable samples. 

 

pesticide residues in various fruits and 

vegetables in Jordanian local markets were 

compared with maximum residue limits (MRLs) 

set by European Uuion
[8]

. Generally speaking, 

the concentrations of pesticides in the 

investigated food samples were low, which could 

be attributed to the low lipid content in these 

commodities
[15]

. 

By examining the results of pesticide residues 

in the studied fruits and vegetables, the 

following observations can be highlighted. 

All pesticide residues were found in the 

studied fruit and vegetable samples from all the 

selected local Jordanian markets. Of the 

analyzed samples, 74% and 43% contained 

detectable residues in fruits and vegetables, 

respectively.  

Among the various pesticides in the present 

study, heptachlor, aldrin and malathion were the 

most commonly detected pesticides; they were 

found in all the 125 studied samples. The 

pesticide with the highest average concentration 

in all the samples was HCB with an average 

residue in all the sample of 0.136 mg/kg 

followed by α- HCH with 0.132 mg/kg and 

heptachlorepoxide and p,p’ DDT with 0.130 
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mg/kg. MRL values for the investigated 

pesticides were exceeded in 40.5% of the studied 

samples. Heptachlor was found to be the most 

often pesticide that exceeded the MRL values, 

since it violates the limit in 88.0% of the 

samples, followed by aldrin (76.0%), malathion 

(56%), β-HCH (52%), α-HCH, o,p-DDD and 

dieldrin (44%), HCB and permethrin (40%), 

p,p`-DDE (36 %), o,p-DDT (32%), bromo-

propylate (20%), Chlorpyrifos (8%), while p,p-

DDD did not exceed the MRL values.  

Among the investigated fruits and vegetables, 

cucumbers were found to be the most 

contaminated commodity, with an average 

pesticide residues of 3.32 mg/kg in all the 

samples, followed by potatoes with 1.24 mg/kg, 

apples with 0.913 mg/kg, tomatoes with 0.785 

mg/kg and the least contaminated product was 

grapes with  an average value of 0.205 mg/kg, as 

can be seen in Figure 4. Cucumbers were also 

found to be the commodity which most exceeds 

the MRL values in its pesticide residue. High 

values in cucumbers could be attributed to the 

waxy natural skin that could keep pesticides for 

longer periods, since most of the pesticides are 

known to be soluble in organic waxy layers. This 

waxy layer is also present in apples; however, 

apples are more exposed to the sun, since they 

grow on high trees, unlike cucumbers which 

grow near the ground. Hence, pesticides are 

more prone to volatility in apples. Potatoes, on 

the other hand, have a relatively high pesticide 

residue and came second after cucumbers, which 

could be explained by taking into consideration 

that the potato is a root vegetable, which might 

absorb residues of pesticides from the soil, as 

soil conditions favor accumulation of toxins in 

root zone than their removal by biodegradation, 

run-off or infiltration
[16]

.  

 
Figure 4. A) Sum of concentration of 17 pesticides in each of the studied samples. B) Number of pesticides 

found in each of the studied samples. 

Regarding the areas from which the samples 

were collected, we notice that the samples 

collected from Irbid market were the most 

contaminated samples with an average total 

pesticide residue of 11.44 mg/kg, followed by 

Amman (7.31mg/kg), Al- Ghour (6.77 mg/kg), 

Al-Karak (6.01 mg/kg) and the least 

contaminated samples were those collected from 
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Al-Aqaba market with an average amount of 

0.786 mg/kg. The same trend was observed 

when taking into consideration the number of 

pesticides in the samples. The highest numbers 

of pesticides were found in Irbid samples with an 

average of 12.6 pesticides per sample and the 

least numbers were found in Al-Aqaba samples 

with an average of 5 pesticides per sample, as 

shown in Figure 4. This observation can be 

explained by taking into account the nature of 

the areas from which the samples were collected. 

As Irbid is one of the main agricultural regions 

in north Jordan, it supplies fruits and vegetables 

to the markets in the northern region (see Figure 

1). This region enjoys a warm climate; so, 

vegetables are endangered by large amounts of 

pests. Therefore, farmers are spraying large 

amounts of pesticides to combat these pests and 

diseases. Similarly, Al-Ghour is an important 

agricultural area. It contains the majority of 

agricultural lands in Jordan that provide fruits 

and vegetables to Amman markets, the nearby 

areas as well as some external markets in the 

neighboring countries. Farmers are also expected 

to use large amounts of pesticides; however, the 

openness to international markets places more 

restrictions on farmers to comply with the 

international pesticides’ application guidelines, 

leading to less contamination of Al-Ghour 

samples compared to Irbid samples as can be 

noticed in Figure 4. On the other hand, Al- 

Aqaba, which is located in the southernmost part 

of Jordan, does not have much agricultural lands 

and most of the fruits and vegetables in the 

market are coming from far away farms in Al-

Karak region. Therefore, most pesticides are 

susceptible to volatilization or degradation 

during the transportation period. Furthermore, 

the warmer weather in Al-Aqaba (usually 10
o
C 

higher in temperature than in Amman and the 

northern region) gives the chance for more 

volatilization and degradation of pesticides and 

this was reflected in the lower residual values in 

this area.  

By comparing the obtained values of 

pesticide residues in the studied fruits and 

vegetables with values found in literature, we 

can consider that our results are comparable to 

the values found in literature in most cases with 

some exceptions that could be attributed to 

different factors, such as the differences in 

weather, pests’ nature, farming practices and 

farmers’ awareness. 

For instance, our results showed average 

concentrations of dieldrin in cucumbers and 

tomatoes of 0.3246 mg/kg and 0.0314 mg/kg, 

respectively, while in the findings of Bempah et 

al.
[14]

, dieldrin ranged from 0.005 to 0.013 mg/kg 

and from 0.002 to 0.040 mg/kg in cucumbers 

and tomatoes, respectively. Endrin was recorded 

in almost very low concentrations in some of the 

tested commodities. The low level of endrin is 

due to its susceptibility to volatilization and 

photodegradation to form metabolites of 

endrin
[20]

. 

In 2009, the Stockholm convention on 

persistent organic pollutants classified α-HCH 

and β-HCH as persistent organic pollutants 

(POPs), due to their persistence in the 

environment, bioaccumulation, biomagnification 

and long-range transport capacity
[5,21]

. Never-

theless, our study shows that the level of (α-

HCH) in tomatoes ranged between 0.091 and 

0.212 mg/kg which is comparable with the mean 

concentration level of 0.129 mg/kg reported in 

Kumasi metropiles, Ghana
[15]

. With respect to 

organophosphorus pesticides, malathion was the 

most dominant pesticide with an average residue 

of 0.127 mg/kg in all commodities. The average 

concentrations of malathion in potatoes and 

tomatoes in this investigation were 0.196 mg/kg 

and 0.048 mg/kg, respectively. Similar findings 

were obtained by Ramesh and Murthy in 

India
[17]

, who detected malathion in the range of 

0.115-0.513 mg/kg in potatoes and 0.002-2.047 

mg/kg in tomatoes. On the other hand, chlor-

pyrifos was the least dominant pesticide with the 

maximum value of 0.024 mg/kg in apples (Irbid 

and Al-Karak). These findings are relatively low 

compared with the findings of Syed et al. in 

Pakistan
[16]

, who detected chlorpyrifos between 

0.328 and 1.091 mg/kg in apples. In the same 

study, they have detected chlorpyrifos in 

tomatoes and potatoes with mean levels of 0.079 

mg/kg and 0.064 mg/kg, respectively, while 

chlorpyrifos was not detected in any of our 

tomato or potato samples. Comparing our results 

with another study conducted in Jordan, 

chlorpyrifos was not detected in any of our 

tomatoe samples, while it was detected with a 

concentration of 0.02 mg/kg in the study of Al-

Antary et al.
[9]

 in Ma’an in Jordan. The same 

reference detected higher levels of permethrin in 

tomatoes from Tafila in Jordan, with values of 

0.2 mg/kg compared to our results which 

reached a maximum a concentration of 0.075 

mg/kg. The level of chlorpyrifos in apples in our 
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study reached a maximum value of 0.024 mg/kg, 

which is much less than the value obtained by 

Al-Antary et al.
[9]

, which was 0.5 mg/kg in 

samples from Shobak in Jordan. These variations 

in concentration could be attributed to different 

sampling areas.  

Estimated Average Daily Intake (EADI) 

In order to assess the health risk of pesticide 

residues in fruits and vegetables in this 

investigation, we followed the international 

guidelines proposed by the WHO
[12]

. 

The estimated average daily intake (EADI) 

was calculated using Equation (1). 

EADI = Fi × Ri × Pi            (1) 

where, Fi =Food consumption rate of the relevant 

commodity (fruits and vegetables) (kg/day); 

Ri = Pesticide residue level (mg/kg) in foodstuff, 

derived from monitoring data; Pi = Processing 

factor for the food commodity (Pi=1). 

Food consumption rates were selected based 

on the consumption data issued by the WHO in 

2003
[12]

. Reference values for the food 

consumption rate of fruits and vegetables were 

taken from the literature as 0.3 kg/person/day for 

vegetables and 0.4 kg/person/day for fruits. 

Pesticide residue levels were taken from the 

obtained monitoring data in this investigation
[12]

. 

The processing factors were not taken into 

account in any case; in all the calculations, we 

considered that Pi=1. The intake by person was 

calculated by dividing the obtained EADI by the 

body weight, with 60 kg considered as an 

average adult weight. The calculated values of 

EADI and intake per body weight are reported in 

Table 3. 

The obtained data of EADI was compiled in 

order to conduct a human risk assessment using 

the hazard risk index (HRI). For HRI assess-

ment, the ratio between the intake per body 

weight (bw) (µg kg
-1

 person
-1

 day
-1

) and the 

acceptable daily intake (ADI) (mg/kgbw/day) was 

calculated as shown in Equation 2. The 

Acceptable Daily Intake (ADI) values for 

pesticides indicate the safe levels of exposure 

over a lifetime. These values are taken from the 

JMPR (Joint FAO/WHO Meeting on Pesticide 

Residues) database and official EU Pesticide 

Database
[7,8,12]

. If the calculated value of HRI is 

greater than 1, then there is an unacceptable risk 

to human health
[2,22,23]

. The results are summari-

zed in Table 3. 

HRI = Intake/ADI         (2) 

Table 3. The estimated average daily intake (EADI) of pesticide residues in the studied fruit and 

vegetable samples.  

ADI 
Estimated average 

daily intake EADI Source 

Intake per body 

weight 
Hazard Risk 

Index (HRI) 

Health 

Risk  
Pesticide Name  

µg kg-1bw day-1 µg kg-1 day-1 µg kg-1 person-1 day-1 

3 45.56 JMPR 1995 0.76 0.253 NO α-HCH 

10 38.06 JMPR 1995 0.63 0.0630 NO HCB 

3 17.75 JMPR 1995 0.30 0.0990 NO β-HCH 

0.007 14.80 WHO 2003 0.25 35.7 YES Heptachlor 

300 17.16 JMPR 2004 0.29 0.001 NO Malathion 

0.1 14.12 JMPR 1994 0.24 2.4 YES Aldrin 

10 0.39 JMPR 1999 0.01 0.00100 NO Chlorpyrifos 

0.1 17.10 WHO 2003 0.29 2.90 YES Heptachlorepoxide 

10 21.71 JMPR 1984 0.36 0.036 NO p,p-DDE 

0.1 14.55 JMPR 1994 0.24 2.40 YES Dieldrin 

10 22.14 JMPR 1984 0.37 0.037 NO o,p-DDD 

0.001 5.84 WHO 2003 0.10 100 YES Endrin 

10 6.25 JMPR 1984 0.10 0.010 NO o,p-DDT 

10 0.00 JMPR 1984 0.00 0.000 NO p,p-DDD 

10 13.45 JMPR 1984 0.22 0.022 NO p,p-DDT 

30 13.35 JMPR 1993 0.22 0.00733 NO Bromopropylate 

50 10.76 JMPR 2000 0.18 0.0036 NO Permethrin 
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The intakes of a total of the 17 studied 

pesticides were estimated and the total intake of 

pesticide residues from fruits and vegetables was 

found to be 273 µg kg
-1

person
-1

day
-1

. The highest 

average daily intakes were for α-HCH with 46 

µg kg
-1

person
-1

day
-1

and for HCB with 38 µg kg
-1 

person
-1

day
-1

.  

Comparing the estimated dietary doses for the 

studied pesticides found in fruits and vegetables 

with their ADI values, we noticed that five of the 

examined pesticides exceeded the ADI limits 

with HRI values that ranged between 2.4 and 

100 times the acceptable daily intakes (ADIs). 

Endrin is expected to have the highest potential 

health risk with an HRI of 100, followed by 

heptachlor, heptachlorepoxide, dieldrin and 

aldrin with values of 35.7, 2.9, 2.4 and 2.4, 

respectively. The rest of pesticide residues were 

below the limit of acceptable daily intakes 

(ADIs). Pesticides with levels that exceeded the 

reference values by several orders of magnitude 

are expected to have great potential for systemic 

toxicity to humans, while the rest of pesticide 

residues do not pose a direct hazard to human 

health. 

Conclusions 

This study was performed in order to provide 

data on pesticide residues in Jordanian fruits and 

vegetables, as well as to fill in the lack of 

information on potential health risks associated 

with pesticides in Jordanian food. 

Findings of this study show that pesticide 

residues were found in all the studied fruit and 

vegetable samples from all selected local 

markets in Jordan. Of the analyzed samples, 74% 

and 43% contained detectable residues in 

vegetables and fruits, respectively. The data 

revealed that 40.5% of the investigated fruit and 

vegetable samples contained residues of the 

monitored pesticides that exceeded the MRL 

values. We also report that some banned 

chemicals, such as DDT, are still in use by the 

Jordanian farmers. In this study, potential health 

risks of pesticides were assessed for the first 

time in Jordan. The results of the health risk 

assessment indicate that endrin, heptachlor, 

heptachlorepoxide, dieldrin and aldrin have 

potential health risks, since their HRI values 

exceeded the acceptable values by several orders 

of magnitude, while the levels of the other 

pesticides were below the reference doses. In 

conclusion, the results obtained suggest that 

consumers in Jordan might be exposed to a 

concentration of some pesticides that may cause 

chronic diseases. However, this could not be 

generalized unless broader study is made to 

involve more samples of different types of fruits 

and vegetables and from a larger number of 

markets across Jordan.  

Based on the above findings, it is 

recommended to develop more firm monitoring 

programs for pesticides in all fruit and vegetable 

commodities in Jordan, in order to protect 

consumers from indiscriminate exposure 

pesticides. Actions have to be taken in order to 

minimize the violation of the application 

guidelines for pesticides. This could be attained 

by proper education of farmers regarding 

pesticide usage and handling, as well as by 

training farmers on integrated pest management.  
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