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Abstract

Pesticides are usually used in agriculture practice for field and post-harvest protection, and their prolonged persistence in
the environment may lead to high toxicity to humans and animals. Therefore, the aim of this study was to investigate the
detection of different pesticide residues in agricultural soil samples collected from four Egyptian governorates. A total of
forty agricultural soil samples were collected during the period from April to June 2020. Samples were extracted using a
QUEChERS method and analyzed using gas chromatography-mass spectrometry. Data revealed that agricultural soil samples
from Damietta governorate were highly contaminated (80.00%) by different pesticide residues, followed by Fayoum
(40.00%), Menia (36.36%), and Alexandria (10.00%) governorates. The pesticide residues detected in soil samples belonged
to the following chemical groups; triazole (21.43%), organophosphate (10.71%), neonicotinoid (10.71%), pyrethroid
(10.71%), and others. Among the insecticides detected in soil samples from Damietta governorate were malathion,
acetamiprid, and methomy! at concentrations of 10.315, 0.725, and 0.395 mg/kg respectively. The fungicide carbendazim was
also detected in soil samples from Damietta governorate at a concentration of 18.303 mg/kg. Meanwhile, in Alexandria
governorate, no fungicides were detected in soil samples. The herbicide, oxyfluorfen was detected in soil samples from Menia
governorate, whereas pendimethalin and thiobencarb were detected in soil samples from Damietta governorate. Data also
revealed that herbicides were not detected in soil samples from both Alexandria and Fayoum governorates. This study shed
light on the presence of different pesticide residues in agricultural soil samples in Egypt, which may affect agricultural
products grown on contaminated agricultural soil.
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1. Introduction

Soils are a heterogeneous complex matrix with a
porous structure that contains both natural organic
(humic substances, lipids, carbohydrates, lignin,
flavonoids, pigments, resins, and fulvic acids) and
inorganic components (sand, silt, and clay) [1].
They are the main natural source for plant life, as
well as a vital source for sustaining the survival and
development of human existence [2]. Soils are the
most vital part of ecosystems, where several studies
reported that soils are contaminated by organic and
inorganic pollutants including pesticides [3-5].

Contamination of soil with pesticides affects
agricultural ecosystems by affecting the microbial
community of soils [6, 7], bacterial diversity [8-10],

nitrogen transformations [11, 12], soil animals [13],
and soil enzymes [14]. The main non-point sources
of pollution in agriculture are the increased use of
pesticides [15]. Sun [16] revealed that 70% of
pesticides used in agriculture end up in the soil,
contaminating farmland soil. Therefore, agricultural
soil quality is closely related to crop quality and
food safety, which are thereby associated with
human health.

Pesticides are a group of chemical compounds
that are widely spread as they are used in
agricultural practice for field and post-harvest
protection [17]. A great number of pesticides are
commonly used on farms, to reduce the incidence of
insects, weeds, fungi, and other pests, as they cause
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a considerable challenge to crop production
resulting in adverse consequences for the economy
of the country. [18]. The use of pesticides also
poses significant environmental and health
concerns, regardless of their benefit on crop yields
and their importance to the economy [19]. About
0.1% of the pesticides are likely to reach the target
organisms, whereas the residual pesticides
contaminate the nearby ecosystem (water, air, and
soil) eventually entering the food and affecting non-
target animals, as well as humans. [20]. It was
reported that about 3 million tons of pesticides are
applied every year globally [21].

Pesticides are classified based on their chemical
nature as organophosphates (OPs), pyrethroid,
phenyl amide, carbamate, triazole, neonicotinoid,
and others [22]. Organophosphate pesticides are a
probable risk to human health and wildlife and thus
are considered an increasing concern [2].
Organophosphate pesticides are among the most
regularly identified pesticides in contaminated soils
[23, 24]. Carbamate and organophosphate pesticides
are the most common cause of pesticide poisoning
[25, 26]. Following long-term dietary exposure in a
group of male and female mice, the fungicide
triazole was found to be associated with an increase
of carcinomas and hepatocellular adenomas
incidence [27]. On the other hand, the presence of
neonicotinoids in the environment may lead to a
variety of possible adverse effects on human health
and the ecosystem [28, 29]. Neonicotinoid
insecticides were adopted to replace the pesticides
carbamate and organophosphate, as they were
considered to be more dangerous to applicators and
mammals [30].

Due to their continuous environmental
persistence and/or high human/animal toxicity, most
of the pesticides have been banned for a long time;
and this has led to the request for testing pesticide
residues in the environment and food [31].
Therefore, the aim of this study was to investigate
the detection of different pesticide residues in
agricultural soil samples collected from four
Egyptian governorates.

2. Materials and Methods

2.1. Chemicals and Reagents
Twenty-eight pesticide standards were from

Santa Cruz Biotechnology Inc., (Santa Cruz, CA
95060, USA). Toluene, hexane, acetone,
acetonitrile, ethyl acetate, and formic acid were
HPLC grade (Merck, Darmstadt, Germany).
QUECHERS extraction kits with solvent partitioning
salt packets contained 4 g anhydrous magnesium
sulphate (MgS0Os4), 1 g sodium chloride (NaCl), 1 g
trisodium citrate dihydrate (NazCsHsO722H,0), and
0.5 g disodium hydrogen citrate sesquihydrate

(NazHCgH50721.5H,0) were used (Agilent, Santa
Clara, CA 95051, USA). Centrifuge tubes (15 mL)
containing a cleaning up mixture for d-SPE of 150
mg anhydrous magnesium sulphate and 25 mg
primary secondary amines (PSA) were also used
(Agilent, Santa Clara, CA 95051, USA). Pure water
was obtained from a Milli-Q system (Millipore,
Billerica, MA 01821, USA), and was cooled to
about 4 °C.

2.2. Sampling

Forty agricultural soil samples were collected
randomly from four Egyptian governorates
(Alexandria, Damietta, Fayoum, and Minia) during
the period from April to June 2020. Types of
agriculture soil samples and agricultural products
grown are shown in Table (1). Soil samples were
collected at a depth of 15 cm for vegetable growing
areas, and at a depth of 30 cm for fruit growing
areas from 10 randomly selected locations in each
governorate. Samples were then placed in well-
labeled clean plastic polythene bags. The soil
samples were then air-dried and sieved using a sieve
(2 mm). Sample collection, preservation, and
storage were based on the method of USEPA [32].

Table 1: Agricultural soil samples collected from different
governorates

Type of Type of agriculture products
Governorates agriculture grown on agricultural soil
soil samples samples
. Onions, tomato, watermelon,
Alexandria Loamy wheat
. Alfalfa, aubergine, guava,
Damietta Clay mango, green pepper, wheat
Corn, beetroot, lemon, onions,
Fayoum Clazérl]zamy, mango, molokhia, orange,
y wheat
Ve Clay, loamy, Al_falfa, grapes, mango,
enia sand marjoram, onions, oranges,
y wheat
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2.3. Soil sample extraction and clean-up
procedure
The extraction of pesticide residues from soil

samples was carried out according to the
QUEChERS method with some modifications [33].
Homogenized soil samples (5 g) and cold purified
water (10 mL) were added to centrifuge tubes (50
mL), shaken for 1 min, and allowed to stand for 10
min. Twenty mL acetonitrile was added and the
samples were shaken for 1 min. Salt mix composed
of 4 g magnesium sulphate, 1 g sodium chloride, 1 g
tri-sodium citrate dihydrate, and 0.5 g disodium
hydrogen citrate sesquihydrate, was added. The
tubes were shaken for 1 min and vortexed for 5 min.
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A clean-up dispersive solid-phase extraction was
performed by adding the supernatant (10 mL) to
centrifuge tubes (15 mL) that contained 1.5 g of
magnesium sulphate and 0.250 g primary secondary
amine. After shaking, the mixtures were sonicated
for 1 min. Centrifugation was performed for 10 min.
at 4400 rpm and the supernatants were evaporated
to dryness at 40°C. The residues were then directly
reconstituted by adding n-hexane/acetone (9:1 v/v)
(2 mL) and filtered using a disposable PTFE syringe
filter (0.45-um) into an autosampler vial and
subsequently analyzed via GC/MS/MS.

2.4. GC/MS/MS analysis

Gas Chromatography system 7890B equipped
with tandem mass spectrometer 7010A Quadrupole
(Agilent, Santa Clara, CA 95051, USA) was
performed to determine the pesticide residues in
agricultural soil samples. Under scanning conditions
for the confirmation of the pesticides, mass spectral
library (NIST 14), ver. 2.0f (Agilent P/N G1033A)
was used. Chromatographic separations were
achieved using the HP5MS ultra-inert capillary
column (30 m x 0.25 mm, 0.25 pm) (Agilent, Santa
Clara, CA 95051, USA). The oven temperature was
programmed to be initially held at 70°C for 1 min
then ramped to 150°C at the rate of 50°C/min for O
min and raised to 260°C at the rate of 6°C/min for 0
min, then ramped from 260 to 310°C at the rate of
20°C/min for 1.567 min with a total run time of 25
min [34]. Both the ion ratio and tR of the qualifiers
to quantify were performed as the acceptance
criteria for correct peak identification. The analysis
was performed by the Central Laboratory of
Residue Analysis of Pesticides and Heavy metals in
Food, Agriculture Research Centre (QCAP), Giza,

Egypt.

2.5. Method validation
Recoveries, the limit of detection (LOD), and

limits of quantification (LOQ) were determined
using spiked samples with 28 pesticide standards. In
this study, we used soil samples that were not
contaminated by any pesticides, whereas after
homogenization, the soil samples were spiked with
the standard mixture of pesticides (28 pesticides)
using five replicates of the spiked samples at
different levels and equilibrated for 30 min at room
temperature before QUEChERS extraction to allow
the pesticides to be incorporated into the soil matrix
[35]. The recoveries ranged from 76 to 127%, the
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LOD was 0.001 mg/kg, and the LOQ ranged from
0.01 to 0.05 mg/Kkg.

2.6. Statistical analysis

Results were demonstrated as mean (95% CI).
Statistical analysis was conducted using Microsoft
Excel 2010 statistical program. A one-way analysis
of variance (ANOVA) was achieved, whereas
P<0.05 was considered statistically significant. To
determine the differences between different means,
Fisher's Protected Least Significant Difference was
also implemented.

3. Results

Data in Figure (1) revealed the percentage of
pesticide contamination in different agricultural soil
samples collected from different Egyptian
governorates. Results indicated that the percentage
of contamination recorded was 80.00%, 40.00%,
36.36%, and 10.00% for agriculture soil samples
collected from Damietta, Fayoum, Menia, and
Alexandria governorates respectively.
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Figure (1): Percentage of pesticide contamination in each
governorate

Results in Table (2) showed the different
pesticides detected in Egyptian agricultural soil,
whereas 28 pesticides were detected, among which
14 were insecticides, 11 were fungicides, and 3
were herbicides. The pesticides detected belonged
to different chemical groups including triazole (6
pesticides), neonicotinoid 3 pesticides),
organophosphate (3 pesticides), pyrethroid (3
pesticides), strobilurin (2 pesticides), benzoylurea
(2 pesticides), benzimidazole (1 pesticide), pyrrole
(1 pesticide), carbamate (1 pesticide), and others. It
was noticed that triazole was the most detected
pesticide in soil samples by 21.43%. Meanwhile,
each of the following; organophosphate,
neonicotinoid, and pyrethroid were detected in
10.71% of the soil samples. These pesticides were
followed by other pesticides at lower detection
levels.
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Results in Table (2) also showed the frequency
occurrence, and mean concentration (mg/kg) of
each pesticide in agriculture soil samples collected
from all Egyptian governorates. Data indicated that
the highest frequency occurrence was for the
following pesticides; carbendazim (20.00%),
propiconazole (15.00%), followed by chlorfenapyr,
cypermethrin, and lambda-cyhalothrin (12.50%).
Meanwhile, the frequency occurrence of 2.50% has
been recorded for the pesticides; chlorfluazuron,
diniconazole, malaoxon, tebuconazole, thiobencarb,
tricyclazole, and trifloxystrobin. On the other hand,
malathion (10.315 mg/kg), carbendazim (9.160
mg/kg), and acetamiprid (0.487 mg/kg) were
detected at high concentrations. Other pesticides for
example azoxystrobin, cypermethrin, flusilazole,
metalaxyl, methomyl, and Penconazole were
detected at low concentrations, although exceeding
LOQ, whereas others such as chlorpyrifos (0.007
mg/kg) and chlorfenapyr (0.006 mg/kg) were also
detected below LOQ.

The detection of insecticides in agricultural soil
samples collected from different Egyptian
governorates was recorded in Table (3). Most of the

soil samples collected from Damietta governorate
were contaminated by pesticide residues at different
concentrations. The most detected insecticides at
high concentrations were malathion, acetamiprid,
and methomyl at a concentration of 10.315, 0.725,
and 0.395 mg/kg respectively. The insecticides
chlorpyrifos, chlorfenapyr, clothianidin, lambda-
cyhalothrin, cypermethrin, emamectin, lufenuron,
malaoxon, and thiamethoxam were also detected in
Damietta governorate at low concentrations. These
results indicated that soil samples from

Damietta governorate was contaminated with
more than 12 insecticides. In Menia governorate,
acetamiprid, and lambda-cyhalothrin were only
detected at a concentration of 0.010, 0.020 mg/kg
respectively. On the other hand, the insecticides
chlorfluazuron and cypermethrin were detected at a
concentration of 0.020 and 0.055 mg/kg
respectively in soil samples from Fayoum
governorate, whereas lambda-cyhalothrin was also
detected below LOQ. Meanwhile, in soil samples
from Alexandria governorate, permethrin was the
only insecticide detected at a concentration of 0.010
mg/kg.

Table 2: Frequency occurrence and mean concentration (mg/kg dry weight) of each pesticide in agricultural soil collected from all four

Egyptian governorates

No. and frequency of

Pesticides Pesticide Type Substance Group positive samples (%) Mean (95% CI)
Acetamiprid | Neonicotinoid 3 (7.50%) 0.487 (-0.062 - 1.036)
Azoxystrobin F Strobilurin 2 (5.00%) 0.035 (-0.034 - 0.104)
Carbendazim F Benzimidazole 8 (20.00%) 9.160 (-4.699 - 23.019)

Chlorfluazuron | Benzoylurea 1 (2.50%) -
Chlorpyrifos I, A Organophosphate 3 (7.50%) 0.007 (0.000 - 0.014)
Chlorfenapyr | Pyrrole 5 (12.50%) 0.006 (0.001 - 0.011)
Clothianidin | Neonicotinoid 2 (5.00%) 0.010 (0.010 - 0.010)
Cypermethrin | Pyrethroid 5 (12.50%) 0.032 (0.010 - 0.054)
Diniconazole F Triazole 1 (2.50%) -

Emamectin | Avermectins 2 (5.00%) 0.010 (-0.010 - 0.030)

Flusilazole F Triazole 3 (7.50%) 0.030 (-0.004 - 0.064)

Lambda-cyhalothrin | Pyrethroid 5 (12.50%) 0.006 (-0.002 - 0.014)

Lufenuron | Benzoylurea 2 (5.00%) 0.045 (-0.024 - 0.114)

Malathion I, A Organophosphate 2 (5.00%) 10.315 (-2.690 - 23.320)

Malaoxon | Aliphatic Organophosphate 1 (2.50%) -

Metalaxyl F Phenylamide 4 (10.00%) 0.018 (0.003 - 0.033)

Methomyl | Carbamate 2 (5.00%) 0.395 (0.268 - 0.522)
Myclobutanil F Triazole 2 (5.00%) 0.005 (-0.005 - 0.015)
Oxyfluorfen H Diphenyl ether 1 (2.50%) -

Permethrin | Pyrethroid 1 (2.50%) -
Penconazole F Triazole 2 (5.00%) 0.040 (0.001 - 0.079)
Pendimethalin H Dinitroaniline 3 (7.50%) 0.020 (0.000 - 0.040)
Propiconazole F Triazole 6 (15.00%) 0.030 (-0.010 - 0.070)
Tebuconazole F Triazole 1 (2.50%) -

Thiamethoxam | Neonicotinoid 2 (5.00%) 0.040 (0.040 - 0.040)
Thiobencarb H Thiocarbamate 1 (2.50%) -
Tricyclazole F Triazolobenzothiazole 1 (2.50%) -

Trifloxystrobin F Strobilurin 1 (2.50%) -

Pesticide type and substance group were obtained from Pesticide Properties DataBase (PPDB) http://sitem.herts.ac.uk/aeru/ppdb/en/index.htm

A: Acaricide; F: fungicide; H: herbicide; I: insecticide

The total numbers of agricultural soil samples from the Egyptian governorates are 40 samples

Results are expressed as mean (95% Cl); 95% CI: 95% Confidence interval of the mean

2 Censored number (<LOQ) was given zero.

LOQ: 0.01 mg/kg for all pesticides, and 0.05 mg/kg for oxyfluorfen
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Data in Table (4) showed the detection of
fungicides in agriculture soil samples collected
from different Egyptian governorates. Results
revealed that carbendazim was detected at a high
concentration of 18.303 mg/kg in soil samples from
Damietta governorate. The pesticides metalaxyl,
propiconazole, and tricyclazole were also detected
in soil samples from Damietta governorate at

concentrations of 0.010, 0.015, and 0.010
respectively, whereas both azoxystrobin and
myclobutanil  were detected below LOQ.

Meanwhile, soil samples from Fayoum governorate
carbendazim, flusilazole, penconazole, and
propiconazole were detected at concentrations of
0.018, 0.045, 0.040, and 0.075 mg/kg respectively.
Furthermore,  azoxystrobin,  metalaxyl, and
myclobutanil were detected in agricultural soil
samples collected from Menia governorate at
concentrations of 0.070, 0.040, and 0.010 mg/kg
respectively, whereas diniconazole, flusilazole,
penconazole, tebuconazole, and trifloxystrobin
were detected below LOQ. Data also revealed that
fungicides were not detected in soil samples from
Alexandria governorate.

The presence of herbicides in agricultural soil samples
collected from different Egyptian governorates was shown
in Table (5). Data also showed the detection of
pendimethalin and thiobencarb at concentrations of 0.020
and 0.010 mg/kg respectively in soil samples from
Damietta governorate. Soil samples from Menia
governorate, oxyfluorfen was only detected at a
concentration of 0.020 mg/kg. Data also revealed that no
herbicides were detected in soil samples from both
Alexandria and Fayoum governorates.

Results in Table (6) showed the different crops grown
on contaminated agricultural soil by pesticides. Crops
grown on contaminated soil in Damietta governorate were
alfalfa, aubergine, green pepper, guava, mango, and wheat,
thus demonstrating that all crops were grown on
contaminated soil.

On the other hand, crops grown on contaminated soil in
Fayoum governorate were corn, lemon, and mango,
whereas beetroot, onions, molokhia, orange, and wheat
were grown on soil free from pesticides. Crops grown on
contaminated soil in Menia governorate were grapes,
mango, and onions; while, the following crops alfalfa,
marjoram, oranges, and wheat were grown on soil free
from pesticides. In Alexandria governorate, tomato was the
only crop grown on contaminated soils, whereas onions,
watermelon, and wheat were grown on soil free from any
pesticide contamination.

Table 3: Insecticide residues (mg/kg dry weight) in agriculture soil samples collected from different Egyptian governorates

Governorates

Pesticides Alexandria Damietta Fayoum Menia Recovery (%)
Acetamiprid ND 0.725 (0.225 -1.230) ND 0.010 (0.010 -0.010) 82
Chlorfluazuron ND ND 0.020 (0.020 - 0.020) ND 106
Chlorpyrifos ND 0.007 (0.002 - 0.014) ND ND 127
Chlorfenapyr ND 0.008 (0.004 -0.012) ND ND 112
Clothianidin ND 0.010 (0.010 - 0.010) ND ND 84
Cypermethrin ND 0.017 (0.003 - 0.031) 0.055 (0.026 - 0.084) ND 111

Emamectin ND 0.010 (-0.009 - 0.0294) ND ND 76
lambda-cyhalothrin ND 0.003 (-0.004 - 0.010) <LOQ 0.020 (0.020 -0.020) 127
Lufenuron ND 0.045 (-0.023 - 0.113) ND ND 97
Malaoxon ND 0.010 (0.010-0.010) ND ND 96
Malathion ND 10.315 (-2.69 -23.3) ND ND 117
Methomyl ND 0.395 (0.267 - 0.523) ND ND 85
Permethrin 0.010 (0.010 - 0.010) ND ND ND 111
Thiamethoxam ND 0.040 (0.040 - 0.040) ND ND 84

Results are expressed as mean (95% Cl); 95% CI: 95% Confidence interval of the mean; ND: Not detected

LOQ: 0.01 mg/kg for all pesticides
LOD: 0.001 mg/kg

Statistical analysis was carried out for censored numbers (<LOQ) given LOQ/2, whereas ND was given zero.

Within each column, means showed no significant difference P > 0.05
Within each raw means showed no significant difference P > 0.05.
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Table 4: Fungicide residues (mg/kg dry weight) in agriculture soil samples collected from different governorates

L. Governorates Recovery
Pesticides Alexandria Damietta Fayoum Menia (%)
Azoxystrobin ND <LOQ ND 0.070 (0.070-0.070) 95
Carbendazim ND 18.303 (-4.318-40.924) 0.018 (0.001 - 0.035) ND 90
Diniconazole ND ND ND <LOQ 126
Flusilazole ND ND 0.045 (0.016 - 0.074) <LOQ 113
Metalaxyl ND 0.010 (0.010 - 0.010) ND 0.040 (0.040 -0.040) 89
Myclobutanil ND <LOQ ND 0.010 (0.010-0.010) 106
Penconazole ND ND 0.040 (0.001 - 0.079) <LOQ 106
Propiconazole ND 0.015 (0.005 - 0.025) 0.075 (-0.033-0.183) ND 113
Tebuconazole ND ND ND <LOQ 114
Tricyclazole ND 0.010 (0.010 - 0.010) ND ND 88
Trifloxystrobin ND ND ND <LOQ 121
Results are expressed as mean (95% Cl); 95% ClI: 95% Confidence interval of the mean; ND: Not detected
LOQ: 0.01 mg/kg for all pesticides
LOD: 0.001 mg/kg
Statistical analysis was carried out for censored numbers (<LOQ) given LOQ/2, whereas ND was given zero.
Within each column, means showed no significant difference P > 0.05
Within each raw means showed no significant difference P > 0.05.
Table 5: Herbicide residues (mg/kg dry weight) in agriculture soil samples collected from different Egyptian governorates
- Governorates 0
Pesticides Alexandria Damietta Fayoum Menia Recovery (%)
Oxyfluorfen ND ND ND 0.020 (0.020 -0.020) 112
Pendimethalin ND 0.020 (0.0008 - 0.039) ND ND 115
Thiobencarb ND 0.010 (0.010 - 0.010) ND ND 95
Results are expressed as mean (95% Cl); 95% CI: 95% Confidence interval of the mean; ND: Not detected
LOQ: 0.01 mg/kg for pendimethalin and thiobencarb, and 0.05 mg/kg for oxyfluorfen
LOD: 0.001 mg/kg
Statistical analysis was carried out for censored numbers (<LOQ) given LOQ/2, whereas ND was given zero.
Within each column, means showed no significant difference P > 0.05
Within each raw means showed no significant difference P > 0.05.
Table 6: Agriculture products grown on contaminated soil samples by different pesticides
- Governorates
Pesticides Alexandria Damietta Fayoum Menia
Acetamiprid - Aubergine, green pepper - Onion
Azoxystrobin - Green pepper - Mango
Carbendazim - Aubergine, green pepper, wheat Corn, lemon, mango -
Chlorfluazuron - - Mango -
Chlorpyrifos - Aubergine, green pepper, guava - -
Chlorfenapyr - Alfalfa, green pepper, guava, mango, wheat - -
Clothianidin - Aubergine, green pepper - -
Cypermethrin - Aubergine, green pepper, guava Corn, mango -
Diniconazole - - - Grapes
Emamectin - Aubergine, green pepper - -
Flusilazole - - Lemon, mango Grapes
Lambda-cyhalothrin - Aubergine, green pepper, guava Lemon onion
Lufenuron - Aubergine, green pepper - -
Malathion - Aubergine, green pepper - -
Malaoxon - Green pepper - -
Metalaxyl - Aubergine, green pepper, wheat - Onion
Methomyl - Aubergine, green pepper - Grapes
Myclobutanil - Mango -
Oxyfluorfen - - - Onion
Permethrin Tomato - - -
Penconazole - - Lemon, mango -
Pendimethalin - Aubergine, green pepper, wheat - -
Propiconazole - wheat Lemon, mango Grapes
Tebuconazole - - - Grapes
Thiamethoxam - Aubergine, green pepper - -
Thiobencarb - Wheat - -
Tricyclazole - Wheat - -
Trifloxystrobin - - - Grapes

- Fruits and vegetables that are grown on soil samples that are not contaminated by pesticides
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4. Discussion

The current results revealed that triazole
pesticides were detected in 21.43% of agricultural
soil samples, whereas organophosphate,
neonicotinoid, and pyrethroid pesticides were
detected in 10.71% of the samples. Similar results
were reported by Liu et al. [31] who found that the
detection of organophosphate pesticides in soil was
8.70%. Meanwhile, Pan et al. [24] stated that
organophosphates were detected in 93% of the soil
samples, which was considered higher than those
stated in this study. On the other hand, Liu et al.
[31] indicated that the pyrethroid pesticides were
detected in 60.90% of the soil samples, which was
considered higher than that mentioned in the present
study. In Egypt, Ghabbour et al. [17] detected
organochlorines, organophosphorus insecticides,
pyrethroids, carbamates, and fungicides in soil
samples from two different locations in the AL-
Shargiya governorate.

Results in this study revealed that carbendazim
(20.00%), propiconazole (15.00%), followed by
chlorfenapyr, cypermethrin, lambda-cyhalothrin
(12.50%), and chlorpyrifos (7.50%) were highly
detected in soil samples from all four Egyptian
governorates. The high-frequency occurrence of
carbendazim might be due to the slow degradation
of carbendazim, and its long persistence in soil, as
carbendazim is known to have a half-life of 6 t012
months [36]. Similar results were reported for
propiconazole, which was found to be persistent in
soil under anaerobic conditions [37]. Furthermore,
Lambda-cyhalothrin was found to have a high
potential to bind to soil particles, which may
indicate a high-frequency occurrence. Data clearly
showed that the frequency occurrence of
chlorpyrifos in soil samples was considered to be
lower than those reported by Anwar et al. [38] who
found that chlorpyrifos was detected in 16.00% of
the soil samples collected from Pakistan.
Meanwhile, the present study indicated that both
malathion (10.315 mg/kg), and carbendazim (9.160
mg/kg), were detected at a high concentration in
soil samples from all four Egyptian governorates.
Although malathion was detected at high
concentrations, it is known that malathion is of low
persistence in soil with half-lives of 1 to 25 days
[39]. Thus this high concentration could be due to
recent spraying of the pesticide in the field.

The current results showed that malathion,
acetamiprid, and methomyl were highly detected at
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a concentration of 10.315, 0.725, and 0.395 mg/kg
respectively in soil samples from Damietta
governorate. Results also indicated that soil samples
from Damietta governorate were contaminated with
more than 12  insecticides  (chlorpyrifos,
chlorfenapyr, clothianidin, lambda-cyhalothrin,
cypermethrin, emamectin, lufenuron, malaoxon, and
thiamethoxam). The occurrence of multiple
pesticide residues in Damietta governorate could be
due to the presence of pesticides that have high
persistence in the soil, cross-contamination during
the processing of the crops, or spray drift from
neighboring plots [40]. In a previous study in Egypt,
malathion was detected but at a lower concentration
in soil samples of conventional strawberry farms
[17]. In another study carried out in Egypt,
Tchounwou et al. [41] reported that both methomyl
and chlorpyrifos were detected in soil samples from
eight different locations in Egypt, whereas
chlorpyrifos was detected at higher concentrations.
Similar results were reported by Liu et al. [31] who
detected the  pesticides chlorpyrifos, and
cypermethrin among other pesticides in soil samples
from China. In Thailand, Harnpicharnchai et al. [42]
detected chlorpyrifos in  soil samples at
concentrations of 32.19, and 28.57 mg/kg during
summer and winter respectively. These results were
considered higher than those reported in this study.
In the current study, the neonicotinoid clothianidin
was also detected in soil samples collected from
Damietta governorate. This is in agreement with
that of Ramasubramanian [43] who reported the
persistence of clothianidin in the soil of tropical
sugarcane. Similar results were stated by Schaafsma
et al. [44] who detected clothianidin in soil samples
associated with corn. Recently, Zhang et al. [45]
detected clothianidin in soil samples from
agriculture areas at a concentration of 96 ng/g.
Results indicated the detection of several
fungicides in agricultural soil samples collected
from Egypt, among which were diniconazole,
flusilazole,  penconazole, tebuconazole, and
trifloxystrobin. Similarly, Tchounwou et al. [41]
discovered diniconazole in the soil samples from
eight different locations in Egypt. In a similar study
carried out in the European Union countries on the
presence of pesticide residues in agricultural soil,
Silva et al. [19] indicated that fungicide residues
(tebuconazole, and others) were common in
agricultural soil. This study showed that the
herbicides pendimethalin and thiobencarb were
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detected in agricultural soil samples collected from
different Egyptian governorates. Similar
observations were reported by Sondhia [46] who
revealed that pendimethalin residues recorded 0.02,
0.023, and 0.019 pg/g in the soil planted by tomato,
cauliflower, and radish respectively.

The growth of crops on pesticide-contaminated
soils is considered a risk to both food safety and
human health as some researchers demonstrated that
plants could uptake pesticides from soils [47, 48]. In
a previous study, Mattina et al. [49] reported the
uptake of pesticides by vegetables and fruits.
Different plant uptakes depend on root uptake from
soil [50], or by other means.

In this study, the occurrence of multiple pesticide
residues in soil samples was considered a rule rather
than an exception. Therefore, attention is needed to
address the toxicity of the mixtures of pesticide
residues in soil, particularly the probability of
combined effects of different pesticide residues on
different taxa, which may result in an indirect effect
on the functioning and the structure of the
community [51]. It is also essential to screen
pesticide residues in the dust, as contaminated dust
could be easily released into the atmosphere, and
thus could be easily inhaled by humans and animals
[52]. The growth and production of foods on
pesticide-contaminated soils are of great concern
due to the possible uptake of pesticides by the crops
[19].

5. Conclusions

In the present study, twenty-eight pesticides were
detected in agricultural soil samples collected from
different governorates in Egypt. There was a
difference in the detection of pesticides and their
concentration, which may be due to different
cultivated crops, different pesticide usage, and
different time intervals. The results of the current
study could be considered useful for the agricultural
extension offices and the farmers across Egypt to
determine pesticide contamination levels affecting
the quality and health of agricultural lands as well
as the crops. In future studies, crops grown on
contaminated agricultural soil should also be
studied to determine the level of pesticide
contamination.
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