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Abstract: The application of pesticides indoors and on agricultural lands 

increased dramatically in recent years in the Jazan area (Saudi Arabia) to 

control termites and the vectors of diseases, such as Rift Valley Fever (RVF) 

and malaria. This practice increased the potential risk of pesticide 

contamination of surface water and groundwater. In this study, samples of 

44 wells and 3 dams were collected; the samples were analysed for the 

presence of 15 pesticides used in the Jazan area. The results showed that the 

most detected compounds in the surface water samples were diazinon, 

Dichlorodiphenyltrichloroethane (DDT), fenitrothion and cyfluthrin, with 

average concentrations of 0.098, 0.104, 0.321 and 0.394 µg L
−1

, 

respectively. In the groundwater samples, the most detected insecticides 

were diazinon, dieldrin and fenthion, with average concentrations of 0.117, 

0.005 and 0.472 µg L
−1

, respectively. In general, detected concentrations of 

organophosphorus insecticides slightly exceeded the allowed Maximum 

Residue Limit (MRL) of the European Union, which is 0.1 µg L
−1

, in some 

samples. However, the findings of this study about the safety of water 

resources in the Jazan area were not alarming because the detected 

concentrations were below the MRL and lower than the limit of the sum of 

all individual compounds detected in the same sample. More extended 

investigations are highly recommended. 
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Introduction 

The use of pesticides worldwide has increased 

significantly in recent years because of developments in 

agricultural production and to control various diseases in 

developing countries, such as Rift Valley Fever (RVF) 

and malaria (Yadav et al., 2015; Köck-Schulmeyer et al., 

2014; Akesson et al., 2013; Zhao and Pei, 2012;     

Al-Rajab et al., 2008; Sarigiannis et al., 2013). The 

yearly worldwide consumption of pesticides was 

estimated to be about 2 million tons, with heavy 

consequences of around 3 million people poisoned 

and about 200,000 deaths because of these chemicals 

(Yadav et al., 2015). Pesticides reach agricultural land 

either directly, through the application on target plants, 

or indirectly, though the use of effluents from 

Wastewater Treatment Plants (WWTPs) as fertilizer 

(biosolids) or through irrigation (liquid municipal 

biosolids) (Fenoll et al., 2014; Al-Rajab and Hakami, 

2014). Once the pesticide reaches the soil, the soil 

constituents will absorb a part of compound, while other 

parts remain in the soil solution and might be available for 

a potential transfer to surface water or groundwater (Seth, 

2014; Al-Rajab and Schiavon, 2010). Contamination of 

surface water has been reported worldwide, albeit at low 

concentrations (Otieno et al., 2014; Robles-Molina et al., 

2014). Belenguer et al. (2014) reported the presence of 23 

different pesticides, some forbidden in the European 

Union (EU), in the water samples of the Jucar River in 

Spain; the concentrations ranged from 0.09 ng L
−1

 (ethion) 

to 171.5 ng L
−1

 (imazalil). Robles-Molina et al. (2014) 

reported similar results. They showed the contamination 

of water samples collected from the Guadalquivir River in 

Spain with 25 pesticides belonging to different groups at 

concentrations varied from 1 ng L
−1 

(methoxychlor) to 

5166.9 ng L
−1

 (dimethoate). 

Groundwater vulnerability to pesticides varies within 

and between major aquifer units (Worrall and Besien, 
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2005). Pesticide contamination of groundwater has been 

reported in different studies worldwide. Shukla et al. 

(2006) determined the contamination of groundwater in 

all samples collected from 28 domestic wells in 

Hyderabad, India, at concentrations ranging from 0.15-

2.14 µg L
−1

 for 4 organochlorine pesticides, such as 

Dichlorodiphenyltrichloroethane (DDT), lindane, α-

Endosulfan and β-Endosulfan. Vryzas et al. (2012) 

reported that almost all water samples collected from 

37 wells in Greece for 5 years were contaminated by 

pesticides at concentrations up to 5.2 µg L
−1

. 

Reemtsma et al. (2013) reported the same observation 

in Germany; 58 samples of groundwater were 

contaminated at the median total concentrations of 

pesticide metabolites of 0.62 µg L
−1

. Morvan et al. 

(2006) reported the contamination of groundwater in 

France with atrazine and Deethylatrazine (DEA) at 

concentrations ranging from 0.07-1.16 µg L
−1

. 

Groundwater is the main source (about 96%) of fresh 

water in the world. However, in Saudi Arabia, drinking 

water is almost entirely provided by groundwater. 

Pesticide pollution of groundwater has been reported in 

several countries (Malaguerra et al., 2012; Vryzas et al., 

2012; Sahoo et al., 2005). Exposure to pesticides, either 

occupationally or environmentally, causes a range of 

human health problems (Abhilash and Singh, 2009). 

Currently, Saudi Arabia is among the largest 

agricultural producer in the Middle East and pesticides 

are heavily used in plant protection and in the control of 

different disease vectors. Jazan (16.4-18.33°N, 41.4-

43.4°E) is the smallest province in Saudi Arabia and 

covers an area of 13500 km
2
 in the Southwest of the 

kingdom; it has a population of about 1.5 million (Fig. 

1). Jazan is the most important province in Saudi Arabia 

in agricultural production and the control of some 

diseases, such as RVF and malaria, requires the use of 

insecticides to keep the population of their vectors under 

control. This practice increases the potential risk of 

pesticide contamination of surface water and 

groundwater which may be related to some diseases and 

health problems such as cancer or organ damage if found 

at high concentrations (Seth, 2014). 

 

 
 

Fig. 1. Map of the study area location, Jazan, Saudi Arabia 
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Information on the assessment and management of 

environmental exposure to pesticides is particularly 

scarce in Jazan. In this study, the occurrence of 

pesticides in 44 wells and 3 dams of the Jazan province 

have been investigated. To the best of our knowledge, 

this is the first work in the Jazan area on the occurrence 

of pesticides in surface water and groundwater. 

Materials and Methods 

Chemicals 

Dieldrin 10 ng µL
−1

 in cyclohexane; para,para'- 

Dichlorodiphenyldichloroethane (p,p'-DDD), purity 

99.9%; Dichlorodiphenyldichloroethylene (DDE), purity 

99%; and DDT 10 ng µL
−1

 in cyclohexane were 

purchased from Fisher Scientific (USA). Diazinon, 

purity 99.5%; fenitrothion, purity 98%; pirimiphos-

methyl, purity 99.5%;malathion, purity 95.5%; fenthion, 

purity 98.7%; cyhalothrin, purity 98%; cyfluthrin, purity 

95.5%; cypermethrin, purity 92%; deltamethrin, purity 

99.5%; tetramethrin, purity 95.3%; Bioallethrin, purity 

93.8%; and piperonyl butoxide, purity 95% were 

purchased from Chem Service (USA). Methanol, methyl 

acetate and methylene chloride (High-Performance 

Liquid Chromatography [HPLC] grade) were purchased 

from Sigma-Aldrich Chemie GmbH (Switzerland). 

Sampling 

A total of 53 water samples were collected and 

analysed. Samples were collected from 44 wells and 3 

dams in the Jazan province (Saudi Arabia) during 

summer 2005 (Fig. 1). The sampling was carried out as 

described by Van Stempvoort et al. (2014). Groundwater 

samples were collected from wells at an approximate 

depth of 1.0 m below the surface. Samples from dams 

were collected from 3 different places at a shallow depth 

within 3.0 m of the edge of the dam using a simple 

homemade 1 L High-Density Polyethylene (HDPE) 

sampler; 3 samples of 1 L were collected from each site 

or well. Samples were filtered on site using membrane 

filters 0.45 µm (VWR, Germany); they were then 

transferred to 1 L HDPE bottles (Naizak, Saudi Arabia). 

A few drops of HCl 1 M were added to each sample to 

reduce the pH to prevent the biodegradation of 

compounds. Samples were identified and they were 

transferred to the lab refrigerated at 4°C in an ice cooler. 

Samples were analysed at the central lab of King Saud 

University within 10 days after sampling. 

Extraction 

Sixteen compounds were selected to be analysed 

based on the pesticide application history in the area, 

either in agriculture or in mosquito control. Each sample 

of 1 L was extracted by Solid Phase Extraction (SPE) for 

the 16 compounds. A recovery test for the extraction 

method was made using distilled water samples amended 

with a known amount of each pesticide. The SPE-disk 

C18 (VWR, Germany) was conditioned with 5 mL ethyl 

acetate and with 5 mL chloride methylene before 

washing it with 10 mL methanol. Finally, 10 mL of 

distilled water was added to keep the disk wet. The 1 L 

amended sample was added to a 2 L separation funnel, 5 

mL of methanol was added to the sample and hand 

shaken for 2 min and the whole sample was filtered 

through the conditioned SPE-disk C18. The pesticides 

were recovered from the cartridge by adding 5 mL of 

ethyl acetate and 5 mL of chloride methylene separately. 

Another 2 mL chloride methylene was added and the 

collected solvents were evaporated using a rotary 

evaporator (Buchi Rotavapor R110, Switzerland) at 

35°C until the dryness point. They were then recovered 

with 1 mL of methanol and kept refrigerated at 4
o
C until 

analysis. A blank of distilled water was extracted at the 

same time as control. The recovery rate for the selected 

compounds was acceptable at the range of 71-124% of 

the initial amount (Table 1). 

Analytical Methods 

Residues were determined using a GC/MS Agilent 

6890 (USA) equipped with a mass selective detector 

(MSD Agilent 5973, USA), micro-electron capture 

detector (µECD, Agilent, USA) and a thermionic 

detector (Nitrogen-Phosphorus Detector [NPD], Agilent, 

USA). A capillary Agilent HP-5 column (30 m×0.32 mm, 

film thickness 0.25 µm) was used. The carrier gas was 

helium at a flow rate of 2 mL min
−1 

with makeup gas N2 at 

a flow rate of 60 mL min
−1

. A splitless mode for the 3 

detectors was adopted (26.34 psi, 200°C). The oven 

temperature was programmed at 40-200°C at 30°C min
−1

 

and 200-280°C at 30°C min
−1

. Finally, the temperature 

was kept at 280°C until the end of injection at 60 min.  

 
Table 1. Recovery rate of different pesticides using extraction 

with SPE-Disk C18 

Compound Recovery rate ± SD (n = 4) 

Dieldrin 90.3 (±2.5) 

DDE  88.7 (±0.8) 

DDD 89.0 (±1.2) 

DDT 100.5 (±3.1) 

Cyhalothrin 88.0 (±1.8) 

Cyfluthrin 80.6 (±2.1) 

Cypermethrin 74.9 (±0.7) 

Deltamethrin 75.3 (±1.1) 

Bioalthrin 71.7 (±3.0) 

Tetramethrin 124.2 (±5.2) 

Piperonyl butoxide 98.0 (±2.7) 

Diazinon 99.5 (±4.1) 

Fenitrothion 114.1 (±2.2) 

Pirimphos-methyl 98.3 (±1.6) 

Malathion   117.9 (±3.3) 

Fenthion 76.7 (±1.4)  
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The injected volume was 5 µL. The linearity of the 

analytical method was tested using 6 calibration solutions 

for the selected compounds at the concentrations 0.01, 

0.05, 0.1, 0.5, 1 and 5 µg mL
−1

. The analysis data were 

managed by the software ChemStation (USA). Statistical 

analyses were conducted using StatBox (Version 6.4, 

Grimmer Software, France), Excel (Microsoft Office 

2010, USA) and Sigma Plot 3.10 (USA). 

Results  

Occurrence of Pesticides in Groundwater 

Fourteen insecticides of the 16 selected compounds 
were detected in at least 1 sample each in the 53 analysed 

samples. The detected compounds were dieldrin, DDD, 
DDT, cyhalothrin, cyfluthrin, cypermethrin, Bioallethrin, 
tetramethrin, diazinon, fenitrothion, pirimiphos-methyl, 
malathion and fenthion. For the organophosphorus 
compounds, the order of detection frequency was 
diazinon, fention, malathion, fenitrothion and pirimphos-
methyl in 29, 19, 9, 8 and 6 samples respectively. Their 
concentrations in the samples were ranging between 
0.016-0.218, 0.015-0.93, 0.124-0.211, 0.031-0.93 and 
0.126-0.97 µg L

−1
, respectively (Fig. 2 and 3). 

 The detected organochlorine insecticides were dieldrin, 
DDT and DDD in 22, 1 and 1 samples, respectively at 
concentrations ranging between of 0.002-0.008, 0.007 and 
0.05 µg L

−1
, respectively (Fig. 2 and 3). However, DDE 

was not detected in any groundwater sample. 

 

 
 

Fig. 2. Concentrations of selected insecticides in groundwater samples (µg L−1) 
 

 
 

Fig. 3. Frequency of selected compounds detection in groundwater samples 
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Otherwise, the pyrethroid insecticides were detected 

in the following frequency order: Cyfluthrin, 

cyhalothrin, bioalthrin and cypermethrin in 6, 4, 4 and 

2 samples, respectively. Their concentrations were 

ranging between 0177-0426, 0124-0197, 01-05 and 

0134-0154 µg L
−1

, respectively (Fig. 2 and 3). 

Deltamethrin was not detected in any groundwater 

sample. The Piperonyl Butoxide (PBO) is an organic 

compound used in the pesticide formulation to enhance 

its efficiency. This compound was detected in 3 

samples of groundwater at concentrations ranged 

between 0.24 and 0.47 µg L
−1

 (Fig. 2 and 3). The 

general frequency of all detected pesticides in 

groundwater was in the following order: Diazinon, 

dieldrin, fention, malathion, fenitrothion, pirimphos-

methyl, cyfluthrin, bioalthrin, cyhalothrin, PBO, 

cypermethrin, DDT and DDD (Fig. 2 and 3). 

In general, this study detected concentrations of 

organophosphorus insecticides in all samples that 

slightly exceeded the allowed Maximum Residue Limit 

(MRL) of the EU, which is 0.1 µg L
−1

 for an individual 

pesticide. They were lower than the limit of the sum of 

all individual compounds detected in the same sample of 

0.5 µg L
−1

 (EU, 2006; Daam et al., 2010). 

Occurrence of Pesticides in Surface Water (Dams) 

This study comprised all dams of the Jazan area, 

including Wadi Jazan Dam, Um Khobara Dam and 

Rayth Dam. In total, 11 compounds were detected in 

the 3 dams at different concentrations ranging from 

0.003-0.534 µg L
−1

. The detected compounds were 

dieldrin, DDE, DDT, cyhalothrin, cyfluthrin, 

cypermethrin, diazinon, fenitrothion, pirimiphos-

methyl, malathion and fenthion (Fig. 4 and 5). In the 

Rayth Dam, 10 compounds were detected at 

concentrations ranging 0.003-0.534 µg L
−1

. The order 

of detection frequency of pesticides was diazinon, 

fenitrothion, pirimphos-methyl, DDT, dieldrin, 

cyhalothrin, cyfluthrin, cypermethrin, malathion and 

fention (Fig. 5). In the Wadi Jazan Dam, five 

compounds were detected at concentrations ranging 

from 0.1 µg L
−1

 for diazinon and 0.332 µg L
−1

 for 

cyfluthrin (Fig. 4). The order of detection frequency 

of pesticides was diazinon, fenitrothion, cyfluthrin, 

DDT and fention (Fig. 5). In contrast, only 2 

compounds were detected in the Um Khobara Dam: 

Dieldrin and DDE at concentrations of 0.003 and 

0.005 µg L
−1

, respectively (Fig. 4 and 5). 

The frequency of all detected pesticides in surface 

water (dams) was: Diazinon, fenitrothion, cyfluthrin, 

DDT, dieldrin, cypermethrin, pirimphos-methyl, 

fenthion, DDE, cyhalothrin, bioalthrin and malathion 

(Fig. 4 and 5). The organochlorine insecticide DDT is 

banned in Saudi Arabia. However, DDT might be 

infiltrated illegally to some local farmers which 

explain the presence of this compound and its 

metabolites DDE and DDD in some water samples. 

Some investigated pesticides were not detected in any 

sample of the surface water such as, DDD, 

deltamethrin, bioalthrin, PBO and tetramethrin.  

 

 

 

Fig. 4. Concentrations of selected insecticides in dams water samples (µg L−1) 
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Fig. 5. Frequency of investigated compounds detection in dams water samples 

 

Discussion 

In the groundwater samples, fourteen insecticides of 

the 16 selected compounds were detected in at least 1 

sample each in the 53 analysed samples. These results 

agree with other similar studies worldwide. Shukla et 

al. (2006) determined the contamination of 

groundwater in all samples collected from 28 domestic 

wells in Hyderabad, India, at concentrations ranging 

from 0.15-2.14 µg L
−1

 for 4 organochlorine pesticides: 

DDT, lindane, α-Endosulfan and β-Endosulfan.   

Vryzas et al. (2012) reported that almost all water 

samples collected from 37 wells in Greece for 5 years 

were contaminated by pesticides at concentrations up to 

5.2 µg L
−1

. Reemtsma et al. (2013) reported the same 

observation in Germany, where 58 samples of 

groundwater were contaminated at the median total 

concentrations of pesticide metabolites of 0.62 µg L
−1

. 

Morvan et al. (2006) reported the contamination of 

groundwater in France with atrazine and DEA at 

concentrations ranging from 0.07-1.16 µg L
−1

. 

Moreover, 22 pesticides were detected in groundwater 

samples in Catalonia, Spain; pesticides, including 

diazinon, fenitrothion and malathion, were detected at 

concentrations of 4.4, 13.3 and 17.1 µg L
−1

 with a 

frequency of 51, 3 and 7%, respectively. 

Otherwise, in the samples collected from the surface 

water (dams), 11 compounds were detected at different 

concentrations ranging from 0.003-0.534 µg L
−1

. Results 

obtained in this study are in accord with other similar 

studies that reported the occurrence of pesticides in 

surface water. Jurado-Sanchez et al. (2012) reported 

contamination of surface water in Spain; the pesticides 

were found at concentrations ranging from 0.1-4 µg L
−1

 

in the water samples prior to treatment in the drinking 

water plant. Robles-Molina et al. (2014) reported the 

detection of diazinon in 4 of 11 water samples collected 

from the Guadalquivir River in Spain in 2010 at a 

maximum concentration of 234.5 ng L
−1

 compared to 

0.103 µg L
−1

 in this study. DDE was detected in 90% 

of the samples with a maximum concentration of 2.8 

ng L
−1

; in this study, the maximum concentration of 

this insecticide was 0.05 µg L
−1

. In addition, the 

contamination of the Axion River in Macedonia, 

Northern Greece with pesticides has been reported; 4 

pesticides (atrazine, alachlor, carbofuran and 

prometryne) were detected at concentrations 

exceeding 1 µg L
−1

 in the phreatie horizon 

(Papadopoulou-Mourkidou et al., 2004). In this study, 

the detected concentrations of pesticides in some 

samples slightly exceeded the allowed MRL of the EU, 

which is 0.1 µg L
−1

; but still lower than the limit of the 

sum of all individual compounds detected in the same 

sample of 0.5 µg L
−1

 (Fig. 3 and 4).  

Conclusion 

This study monitored the presence of pesticides in 

surface water and groundwater in the Jazan province, 

Saudi Arabia. The frequency of detected pesticides in 

groundwater was in the following order: Diazinon, 

dieldrin, fention, malathion, fenitrothion, pirimphos-
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methyl, cyfluthrin, bioalthrin, cyhalothrin, PBO, 

cypermethrin, DDT and DDD. While, the frequency 

of detected pesticides in surface water (dams) was: 

Diazinon, fenitrothion, cyfluthrin, DDT, dieldrin, 

cypermethrin, pirimphos-methyl, fenthion, DDE, 

cyhalothrin, bioalthrin and malathion. In general, 

detected concentrations of organophosphorus 

insecticides in all samples slightly exceeded the 

allowed MRL of the EU, but still lower than the limit 

of the sum of all individual compounds detected in the 

same sample. As a result, the groundwater and surface 

water in the Jazan area is safe for domestic use, 

drinking and irrigation. This work provides the first 

information on the presence and concentration of 

insecticides in groundwater and surface water (dams) 

of the Jazan area, Saudi Arabia, albeit at low 

concentrations and it shows the importance of more 

extended investigation. However, use of less 

persistent pesticides and the adoption of integrated 

pest management programs in Jazan area for the 

diseases vectors and other pests is highly 

recommended to reduce the contamination risk of 

waters resources with pesticides. 
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