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ABSTRACT

Herbicides contribute significantly to increasing and
enhancing both crop yield and quality through compacting
herbs that compete with these crops. However, overuse of
these chemicals might adversely affect aquatic ecosystem
microorganisms and eventually human health. Residues of
the extensively applied herbicide atrazine in irrigation
surface water samples from EI-Behera, the leading
agricultural Governorate in Egypt. Water samples were
collected from 26 sites in EI-Behera and analyzed using gas
chromatography coupled with a mass spectrometry
detector (GC-MS). Results revealed significant variation of
atrazine levels in irrigation water between these 26 sites.
Water samples from Kafr El-Dawwar had the least
amount (3.125+0.0894 pg/L), while samples from Hosh
Essa had the greatest residue of atrazine (109.181+15.778
Mg/L). The obtained results may represent the trends and
amounts of atrazine used in the El-Behera Governorate.
These results may be concerning to the potential adverse
effects due to the inappropriate use of atrazine.
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INTRODUCTION

Weed competes with plants on acquiring water,
nutrients, and light, causing a significant reduction in
yield quantity and/or quality (EI-Sobky & EI-Naggar,
2016). For example, a reduction in corn yield might
reach 30 to 90% if not controlled (Ali et al., 2003;
Mahmoodi & Ali, 2009; Abouzinea et al., 2013;
Pannacci & Onofri, 2016). Therefore, farmers utilize
weed control practices (Khalig et al., 2004). Among
weed management strategies is the application of
pesticides (Williamson et al., 2008; Radwan and Nassar,
2011). The amount of pesticides used in Egypt was
about 12178 tonnes in 2019, and about 2040 tonnes of
herbicides were applied to control various weeds in
different crops (FAOSTAT, 2021).

In particular, the most widely used in weed control
of corn crops (Maceljski et al., 2005). After spraying on
crops, it can enter water resources because of its high
mobility through soil (Waring and Moore, 2004). Its
residues were identified in surface, ground, and drinking
water samples (Gojmerac et al., 1996). Hussein et al.,
(1996) reported that atrazine might reach aquatic
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environments from spray drifts, careless application, or
indirectly from irrigation by wastewater. Upon reaching
the water environment, atrazine or triazine-based
herbicides are not easily degraded by microbial or
hydrolytic processes (Gamble et al., 1983). However,
WHO reports (1996) pointed out that atrazine can be
degraded in surface water by photolysis and
microorganisms and that the half-life is 20 - 50 days at
20 - 25°C under laboratory conditions (USEPA, 1988).
It has been detected in surface water at concentrations
exceeding 0.1 g/l (Solomon et al., 1996; Environment
Agency, 1997).

Atrazine residues in water may pose health risks to
the reproductive system (Cooper et al., 2000; Gojmerac
et al., 2004). Also, it is considered an endocrine
disruptor (Moore & Waring, 1998) and a probable
human carcinogen (Luciane et al., 2010). Moreover,
atrazine  significantly  affected sperm  numbers
significantly, premature birth, miscarriage, and various
congenital disabilities in humans (Ackerman, 2007
Pathak & Dikshit, 2011). Although atrazine was banned
in the European Union in 2003 (Bethsass and
Colangelo, 2006), it is still being used illegally as a
major herbicide in Egypt.

The potential of contaminating water resources and
soil with atrazine may cause pollution to the
environment and bring harmful effects to humans and
other animals. It might be concentrated in plants and
transferred to the food chain (Topp et al., 2000).
Therefore, the objective of the current study was to
assess atrazine residues in surface water of agricultural
irrigation streams in El-Behera Governorate, a central
agricultural province in Egypt.

MATERIALS AND METHODS

Chemicals

Atrazine (2-chloro-4-ethylamino-6-isopropylamino-
1,3,5-triazine); reference standard > 99% purity was
purchased from Cornell Lab, Cairo, Egypt. Triphenyl
phosphate (TPP), Acetonitrile (MeCN), acetone, glacial
acetic acid, and dispersive solid-phase extraction and
cleanup kits (Agilent Technologies catalog # 5982-0650
and 5982-5056, respectively) were purchased from
Arabian  Group for Integrated  Technologies
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(AGITECH), Cairo, Egypt. Sodium sulfate anhydrous
(Na;SOs) was purchased from BDH Laboratory
Supplies, BH 151T, England. Primary secondary amine
(PSA, 40 pm sorbent- Bonesil) was obtained from
Agilent Technologies, Arabian Group for Integrated
Technologies (AGITECH), Cairo, Egypt. All other
reagents used were of high quality. Standard curve of
atrazine was carried out using serial concentrations of
atrazine (0.1 and 50 pg/L) which prepared in
acetonitrile.
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Water samples locations

Surface water samples of agricultural irrigation
streams (n=78) were collected from 26 sampling sites at
El-Behera Governorate. The sampling regions (covering
almost all the Governorate) were EIl- Mahmoudia,
Zarkone, Kom El-Nasr, Ficha, Kafr Tekla, Edfina,
Zawiat Ghazal, Abou Hommos, Barket Ghatas, El-
Kazaz, Kafr El-Dawwar, Abyss, Damanhur, Itay El
Barud, Denchal, Kom Hamada, Monchat Nassar,
Shubrakhit, Abu Menjouj, Elmasry village, Hosh Issa,
El-Nubaria, Abu EI Matamir (Mariout and Sidnawy),
and Genaklis (Map 1).

Samples were collected in summer 2018 according
to the method described by Myers (2006). Water
samples were taken at a 50 cm depth from the water
surface, kept in screw cap 3 L capacity dark glass
bottles, and immediately transported to the laboratory
for analysis. The water samples were filtrated through a
cotton funnel to remove debris. The filtrated water
samples were extracted for atrazine residue analysis.
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Map 1. Sampling locations from agricultural areas across EI-Behera Governorate
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Extraction and measurement of atrazine residues

The extraction and cleanup of atrazine residues were
carried out using the dispersive solid-phase extraction
and cleanup kits according to the method of QUEChERS
with a slight modification of Anastassiades et al. (2003).
In 50 ml Falcon tubes, 10 ml of water samples were
extracted with 10 ml of 0.1 percent acidified
acetonitrile. After vigorously agitating the tubes for one
minute with a Vortex mixer, 4 g of anhydrous MgSO4
and 1 g NaCl were added to each tube and thoroughly
mixed for one minute. After mixing 50 L of Triphenyl
phosphate (TPP) (internal standard) solution for 30
seconds, extracts were centrifuged for 10 minutes at
4000 rpm (Hermle Labortechnik GmbH, Siemensstr, D-
78564 Wehingen, Germany). Following that, 1 ml of the
upper MeCN layer was transferred into 15 mL Falcon
tubes containing 25 mg PSA sorbent and 150 mg
anhydrous MgSO. and inversely shaken. Samples were
centrifuged for 5 min at 4000 rpm. Samples were
extracted and cleaned up in triplicates. About 0.5 mL of
extracts were transferred into amber HPLC vials for
GC/MS analysis.

GC/MS running conditions

In order to analyze the samples, an Agilent
Technologies gas chromatography system model 7890B
coupled with a mass spectrometry model 5977A
(GC/MS) instrument and an autosampler (Agilent, Little
Falls, DE) was used. The GC had a split/splitless
injection inlet as well as electronic pressure control
(EPC). MSD Chem Station software (Ver.
F.01.03.2357) was used to control the system, and Mass
Hunter GC/MS acquisition software was used to
analyze the data (Ver. B.07.03.2139). In splitless mode,
extracts and recovery samples (2 I) were injected into
the GC/MS system. To detect atrazine residues, an HP-
5MS capillary column (30 m X 0.53 mm i.d. 0.25 m
film thickness) was used. At a constant flow rate of 1.1
ml/min, helium was used as the carrier gas. According
to AOAC (2007), Separation conditions were completed
with an initial column temperature set at 80°C for 6
min. It was increased to 215°C at 15°C/min (hold for 1
min), then to 230°C at 5°C/min and finally to 290°C at
5°C/min (hold for 2 min). Atrazine residues were
identified by their full mass spectra scans and retention
time using the total ion current compared to that of the
standard material of atrazine.

Calibration curve and recovery

The quality criteria were monitored according to the
requirements of the Codex Alimentarius Committee.
The Calibration curve was constructed using 1, 10, 20,
50, and 100 pg/L. The regression equation of the
standard curve was used to calculate the amounts of
detected herbicide. Recovery and reproducibility were
evaluated by spiking blank water samples with 5 and 10
pg/L and each concentration was repeated three times.
From the standard curve, it can determine the limits of
detection (LOD) and quntification (LOQ).

The precision of the analytical method was confirmed
through the repeatability (intra-day assay) and
intermediate precision (inter-day assay) (ICH, 2005).
The intra-day and inter-day precision of the method was
determined by repeating the analysis of recovery
samples on the same day and over five consecutive
days, respectively. All fortified samples were extracted
as mentioned above. The precision was expressed as
coefficient of variation percentages ((mean/standard
deviation) x 100). The limits of quantification (LOQSs)
were calculated from the signal-to-noise (S/N) ratios of
the samples with the lowest concentration level of
atrazine.

Statisticl Analysis

Data were statistically analyzed as completely
randomized design with locations as main factor using
the procedure general linear model (PROC GLM) of the
Statistical Analysis System (SAS) version 9.3.

RESULTS AND DISCUSSION

The calibration curve of the atrazine standard is
shown in Figure 1. Quality parameters of the employed
method showed that recovery percentages of atrazine
were 94.7 and 96.3% at 5 and 10 pg/L, respectively
(Table 1). Also, the coefficients of variation (CV %)
expressed in intra- and inter-assay values were 1.433
and 2.049 and 4.912 and 5.406 % for 5 and 10 pg/L,
respectively. Method limits of detection (LOD) and
quantification (LOQ) of atrazine were 2.343 and 7.100
pg/L, respectively, which were in agreement with the
results of Bonansea et al., (2013). Moreover, the R2
value was 98.86%. The previous results verified that the
employed method was acceptable for the analysis of
atrazine residues according to ICH requirements.
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Figure 1. Standard curve of atrazine that was analyzed using GC-MS on HP 5MS separation column

Table 1. Accuracy and precision of atrazine herbicide expressed as percentages of recovery, coefficients of
variation (CV), limits of detection (LOD), limit of quantification (LOQ), and linearity parameters

Fortification Concentration? (ug/L)

aParameter 5 10
Recovery (%)+RSD 94.7+4.09 96.346.31
CV (%, within assay) 1.433 2.049
CV (%, between assay) 4,912 5.406
Method limits (ug/L) tgg gigggg
R? 0.9886
Linearit Slope 0.000006
y RSD 10000000
Intercept -0.0000002

2Atrazine-fortified blank water samples were each assayed in five single determinations of the same concentration over one day (intra-assay) and

over five consecutive days (inter-assay) determined using GC-MS.

In the current study, atrazine residues varied
significantly in water samples collected from El-
Mahmoudia, Zarkone, Kom EI-Nasr, Ficha, Kafr Tekla,
Edfina, Zawiat Ghazal, Abou Hommos, Barket Ghatas,
El-Kazaz, Kafr EI-Dawwar, Abyss, Damanhur, Itay El
Barud, Denchal, Kom Hamada, Monchat Nassar,
Shubrakhit, Abu Menjouj, Elmasry village, Hosh Issa,
El-Nubaria, Abu ElI Matamir (Mariout and Sidnawy),
and Genaklis (Table 2). Results (arranged in the table

from the least to the greatest detected value) showed
that atrazine residues in surface irrigation water ranged
from 3.125+0.0894 (at Kafer El-Dawwar) to
109.181+15.778 pg/L (at Hosh Essa). Such significant
variation in atrazine levels in irrigation water between
the 26 tested sites in El-Behera Governorate might
highlight its application and frequency of use in these
agricultural areas.
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Table 2. Atrazine concentration (meantSD) in surface water samples collected from different sites in Elbehera

Governorate, Egypt and measured using the GC-MS

Region Mean £SD
Ho/L
Kafr EI-Dawwar 3.125 0.0894
Damanhur 3.157 0.1299
Ficha 3.268 0.1316
Dunchal 3.344 0.1370
Abu EI Matamir (Sidnawy) 3.349 0.1382
Zawiat Ghazal 3.359 0.1380
Barket |Ghatas 3.470 0.1388
Edfina 3.554 0.1297
El-Kazaz 3.799 0.1344
Monchat Nassar 3.816 0.1405
Zarkone 3.823 0.1382
El- Nubaria 3.896 0.1395
Abou Hommos 3.903 0.2415
Kom Hamada 3.956 0.2088
Kom EI-Nasr 4.093 0.1948
Genaklis 5.208 0.2182
El- Mahmoudia 5.821 0.3001
Abu EI Matamir (Mariout) 6.411 0.3875
Shubrakhit 7.729 0.5894
Kafr Tekla 8.717 0.7214
Abu Menjouj 10.501 1.3305
Abyss 14.818 1.6487
Elmasry village 26.603 6.7841
Itay El Barud 43.614 8.6894
Hosh Essa 109.181 15.778

Atrazine, an S-triazine herbicide, is highly mobile
and persistent in water and the environment (Gamble et
al., 1983; Hussein et al., 1996; Kramer et al., 2001).
Therefore, its residues were detected in surface, ground,
and drinking water samples (Gojmerac et al., 1996). In
the current study, atrazine residues ranged from 3 to 109
pg/L. These comprehensive results might be due to
applied quantity. Increased levels reported herein
compared to what was found in previous research may
be due to sampling collection after applying this
herbicide, inspite of being banned in Egypt since 2005
under decision number 719, atrazine is still being used
illegally as a major herbicide in corn and some other
crops even in non-cultiveted lands. In literature, it was
detected in surface water at concentrations exceeding
0.1 g/L (Solomon et al., 1996; Environment Agency,
1997). Atrazine was the most commonly used in
England during 1992 and 1993, and residue analysis
studies revealed amount exceeded 0.2 ug/L, the
maximum permissible level (NRA 1995). Analysis of
river surface water from northeastern Greece after solid-
phase extraction (SPE) extraction and injection in GC-
EI-MS, atrazine was one of the highly detected

pesticides (Vryzas et al., 2009). Atrazine residues in
Suquia River basin (Cérdoba-Argentina) were 0.432
pg/L after analysis using GC-MS (Bonansea et al.,
2013). It was reported in groundwater in Spain at 0.5
Mg/L using the LC-MS-MS (Ko6ck-Schulmeyer et al.,
2014). Accordingly, atrazine stability and mobility in
water systems might pose a risk of pollution to aquatic
ecosystems. Its residues might be accumulated in
aquatic organisms and be transferred to humans through
the food chain. Therefore, limitation and tracking the
use of this herbicide would have beneficial effects.
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