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Abstract

The development and implementation of more environmentally friendly and sustainable
microextraction techniques in recent years has provided alternative to traditional sample
preparation approaches. In this thesis, we developed, optimized and validated different micro
extraction methods for trace level multi residue and multiclass trace level pesticides from
environmental water and food samples prior to their determination using chromatographic
techniques. Salt assisted graphene oxide (GO) was utilized as a sorbent in dispersive solid phase
extraction (DSPE), to enhance and extract certain s-triazine herbicides from environmental water
samples. GO can generate scattered colloids in the aqueous phase and offers an extensive variety
of functional groups for hydrogen bonding or electrostatic interaction with benzene ring organic
compounds with functional groups comprising oxygen and nitrogen. GO was synthesized by
modified Hummers method and characterized with Fourier transform infrared (FT-IR)
spectroscopy. As complete collection of GO after adsorption process is difficult task, in this
established salt-assisted (SA)-GO-DSPE method, it was found to be aggregated and centrifuged in
the presence of NaCl. The optimum value for main parameters that influenced extraction efficiency
were investigated. Under the optimized conditions, low limits of detection (LODs) (0.12—0.80 ng
mL™1), limits of quantification (LOQ) (0.4-2.68 ng mL™?), and good extraction recoveries (69.06—
95.53%) were obtained for simultaneous extraction of simazine, atrazine, propazine and
prometryn. The relative standard deviations (RSD) of intra-day (n = 6) and inter-day (n = 9)
precisions were 2.54 to 5.84% and 4.38 to 8.56%, respectively. When the method's applicability
was ultimately assessed, the target analytes in the real water samples weren't detected. The
proposed method is environment friendly and promising for trace analysis of other pesticides

including the target herbicides in environmental water samples.

Dispersive liquid—liquid microextraction based on surface floating organic droplet was designed
to enable development of simple, fast, and environmentally friendly analytical technique utilizing
for selective and quantitative enrichment of trace level pesticide contaminants from different fruit
juice samples for subsequent detection by high pressure liquid chromatography—diode array
detection (HPLC-DAD). The optimized method was investigated using spiked blank sample, and
results of linearity at concentration levels from 3 to 1500 ng mL™, with correlation coefficients
(r®) > 0.998 were obtained. LOD and LOQ were ranged from 1.3x1072 to 5.3x1072 ug L* and

Xiv



4.2x1072t0 1.8x10 1 ug L%, respectively. Satisfactory accuracy, i.e, recoveries ranging from 87.23
to 99.45%, with %RSD between 1.37 and 8.39, and precision in terms of %RSD < 10.78 were
investigated. At the end, the method was successfully applied to analyze real fruit juice samples

and target analytes were not detected in real samples.

A simple, selective and fast salting out assisted liquid—liquid extraction (SALLE) technique
coupled with HPLC-DAD was developed and optimized for extraction, and analysis of seven
multiclass pesticide residues in pasteurized and raw cow milk samples. Under optimum conditions,
for broad linear range concentration of 2-1500 ug L, r> was within a range of 0.9982-0.9997.
Reliable sensitivity was achieved with LODs and LOQs ranging from 0.58-2.56 ng mL* and 1.95—
8.51 ng mL, respectively. While precision with intra-day and inter-day in terms of RSDs were
observed in the range of 1.97-7.88% and 4.52-8.13%, respectively. The results of the precision
studies reveal that good repeatability and reproducibility (RSDs < 9%) were achieved. Finally, the
validated approach was effectively used to extract and determine pesticide residues in real milk

matrices, however the target analytes were not detected in all samples.

High density dispersive liquid-liquid microextraction method coupled HPLC-DAD was
developed for extraction, enrichment and determination of six sulfonylurea herbicides; namely,
metsulfuron-methyl, chlorosulfuron, niclosulfuron, prosulfuron, flazasulfuron and chlorimuron-
ethyl in matrices of environmental waters. The optimum experimental parameters that influenced
extraction efficiency were investigated. Under the optimized conditions, wide linear calibration
curves with r? > 0.997, LODs in the range of 0.8-1.5 ng mL™?, and LOQ in the range of 1.9-5.1
ng mL ! were obtained. The precisions in terms of % RSDs of intra-day (n = 6) and inter-day (n =
9) were found to be 3.01 to 8.36 and 2.92 to 9.78, respectively. Applicability of the developed
method was investigated by analyzing spiked tap, lake, river and underground water samples and
satisfactory recoveries were obtained in the range of 84.3-101.7% with RSDs < 9.8% (n=6) and
the target analytes were not detected in real samples.

Keywords: Azoxystrobin, Cow milk, Dispersive liquid—-liquid microextraction, Environmental

water, Fruit, HPLC, Salt assisted graphene oxide, Sulfonylurea herbicides, Triazine herbicide
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1. INTRODUCTION

The substantial usage of a wide range of harmful chemicals is mainly linked to industrial and
agricultural operations. In the production of agricultural products, farmers are regularly using
pesticides to control weeds and insects, and it has been noted that these have led to notable gains
in agricultural output. Without an equal increase in food production, the world’s population growth
in the 20™ century would not have been possible. The use of pesticides affects the production of
about one-third of agricultural outputs. Fruit, vegetable, and cereal output would all decrease by
78%, 54%, and 32%, respectively, without the use of pesticides. In order to decrease diseases and
increase crop yields globally, use of pesticides are essential (Tudi et al., 2021). Through the
obvious release into the environment, chemical wastes produced by industrial processes were
disposed of. While liquids were efficiently diluted into receiving waters and carried away from the
source, gases promptly diffused into the atmosphere. Likewise, pesticides that revolutionized
agriculture and forest productivity are adversely affect non-target organisms and ecosystem as a
whole (Naureen et al., 2020).

Pesticides are compounds that are either chemical substances or biological agent, such as bacteria
or viruses, and are used to suppress, eradicate, or repel pests in order to boost agricultural outputs.
Typically, the manufacturer of pesticides formulates the active ingredient as solid particles or
emulsifiable concentrates. To utilize many commercial preparations, they are diluted with water
first (Hazra, 2019). Some of the pesticides are persistent and some degrade in the environment

giving various degrees of toxicity and distribution in similar manner as their parent compounds.

According to Antonio et al. (2021); Ramos et al. (2020); and Peris et al. (2022), the application of
these compounds and the products of their degradation pose the risk of contaminating ground and
surface waters, soil, and sediments. This could be dangerous for the environment and human
health. Additionally, the compounds high water solubility may enable them to be carried to
environmental water systems including spring, underground, and river waters, where they might
eventually enter the food chain and be hazardous to soils, aquatic life, and people (Peris et al.,
2022). This potential impact on the public health is more sever in developing countries, like

Ethiopia, where pesticides are used by untrained farmers (Tessema & Nagy, 2021).



The majority of Ethiopians engage in agriculture and use pesticides to protect food and realizing
higher crop yield by controlling pests. Many people use pesticides for lawn and garden uses, as
well as inside and outside the homes, while others use them professionally for public health
initiatives and commercial applications. However, pesticides have been identified as
environmental contaminants when moved outside the application geographical areas, and as a

result, are subject to control and monitoring (Teklu et al., 2016).

Farmers in developing countries frequently utilize pesticides arbitrarily and without the awareness
or expertise to do so. They also utilize long-lasting, and highly hazardous insecticides. Negative
effects on human health and the environment have been caused by improper management, a lack
of skilled operator, and a lack of pesticide disposal facilities (Tessema & Nagy, 2021). Pesticides
are improperly used and imported into Ethiopia without adequate controls, which inevitably has
negative consequences on ecosystems and agricultural workers health. The lack of understanding
among users of pesticides regarding their toxicological and chemical characteristics complicates

the adverse health effects of these chemicals in Ethiopia (Negatu et al., 2016).

Some persistent pesticides, such as s-triazine and dichlorodiphenyltrichloroethane (DDT), have
been banned in developed countries because they are persistent and have toxic effects on the
environment and human health (Ago et al., 2023; Mengistie et al., 2015). Despite the fact that
pesticides protect crops from pests and increase crop productivity, many pesticides have been
banned from use and even production. According to the studies by Gebremichael et al. (2013) and
Oesterlund et al. (2019), they are still used for medical and agricultural uses in developing
countries like Ethiopia. The presence of contaminating pesticide residues in samples collected
from various places in some localities of Ethiopia was determined by a number of studies that
looked at these pesticides in various matrices. The results revealed the presence of ametryne in
irrigation water (Tolcha & Megersa, 2018), 4,4'-DDT and its metabolites in Khat stables (Mekonen
et al., 2017), 4,4-DDT and its metabolites in commonly consumed agricultural crops like teff,
maize, and red pepper (Mekonen et al., 2014), 4,4- DDE and 4,4-DDD in human and cow milk
(Gebremichael et al., 2013) and y-chlordane, endrin, and endosulfan sulfate in processed different
brands of tea (Siraj, 2021). The analysis of these pesticides requires selective and effective sample

preparation techniques that can simultaneously extract and preconcentrate them due to their



presence at trace levels and the complexity of environmental and food samples as this issue is the
world frontier topic in the field of chemical separation science (Boulanouar et al., 2018).

It is well recognized and documented that majority of pesticides released into the environment are
hazardous. Consequently, the World Health Organization (WHO), the European Union (EU), and
the Food and Agriculture Organization of the United Nations (FAQO) have enforced regulations on
the maximum residue limits (MRLs) of these compounds in water and food matrices in small
quantities, usually in the range of a few ng/L to pg/L, in order to protect consumer safety (Hamilton
et al. 2003; WHO 2017). For instance, the Council of the European Communities (EU) has
mandated that the concentration of pesticide residues in environmental waters meant for human
consumption cannot be higher than 0.1 pg/L for individual pesticides and 0.5 pg/L for total
pesticide concentrations (Council of the European Communities 1998, Council Directive
98/83/EC). Similarly, EU (2005, Regulation (EC) No. 396/2005) has set maximum residue levels
(MRLs) for these compounds in a variety of food categories, such as raw fruits and vegetables,
which can range from 0.01 to 5 mg/kg, depending on the specific compound. Additionally, 0.01
mg/kg is the default value for matrices such as fruit juices that are not covered by the regulation
(Xu et al., 2020). As a result, efficient, quick, affordable, environmentally safe, sensitive, and

selective multiresidue techniques are required.

Solid phase extraction (SPE) and liquid-liquid extraction (LLE) are frequently used as the sample
pretreatment techniques for analyzing pesticide residues at trace levels (Timofeeva et al., 2017,
Wang et al., 2019a; Zhao et al., 2019). Although LLE can provide excellent reproducibility and
high sample capacity, it has drawbacks including a difficulty in automation, a lengthy operation,
the use of a large volume of sample, and the use of high volume of harmful organic solvent. SPE
can overcome some disadvantages of LLE such as high consumption of both sample and organic
solvent, but it is also time consuming steps such as column conditioning, washing, loading and
elution. On the other hand, sorbent ready to use in SPE is relatively expensive, sample carry over
effect and also associated with the problem to choice the appropriate sorbent (Han et al., 2021;
Liang et al., 2019; Samsidar & Shaarani, 2018).



The development of more environmentally friendly extraction solvents and miniaturizing
extraction techniques have recently received a lot of interest since they have the potential to
significantly reduce the aforementioned drawbacks. Dispersive liquid—liquid microextraction
(DLLME) technique which is the miniaturized format of traditional LLE and dispersive solid phase
extraction (DSPE) based carbon nanomaterials including graphene sorbent is more recent mode of
conventional SPE techniques are intensively exploited to extract organic pollutants including
pesticide residues from environmental water and food samples (Beshana et al., 2022;
Bhattacharyya et al., 2023; Li et al., 2021; Liu et al., 2022; Li et al., 2015).

1.1. Research gap

Despite of substantial technological advances in analytical instruments, sample preparation to
clean up the matrices, separate and/or concentrate the analytes of interest while rendering them
into the form that is compatible with analytical systems is unavoidable in analysis (Farajzadeh et
al., 2021). The development of sensitive, selective and reproducible analytical methods have
always been a prerequisite for the achievement of high quality results in enforcement and
monitoring programs. Conventional sample preparation techniques such as solid-liquid extraction
methods like Soxhlet extraction (Kunene & Mahlambi, 2020); LLE and SPE (Timofeeva et al.,
2017; Wang et al., 2019a; Zhao et al., 2019) are still widely in use for extraction of trace pesticide
residues in environmental and food matrices. However, these methods are expensive, labor
intensive, time consuming and require the use of large volumes of toxic organic solvents (
Bhattacharyya et al., 2023).

Researchers have recently placed a high priority on advancing the development of efficient,
inexpensive, automated, miniaturized, and environmental friendly extraction procedures that
significantly minimize the usage of organic solvents. Therefore, in trace analysis, green extraction
and/or miniaturized sample preparation techniques are interesting (Bernard i et al., 2022;
Bhattacharyya et al., 2023; Farajzadeh et al., 2023). To this end, single drop microextraction
(SDME) (Salemi et al., 2013; Vifias et al., 2010), hollow fiber liquid phase microextraction (HF-
LPME) (Gure et al., 2013; Megersa, 2015), different modes of DLLME (Beshana et al., 2022;
Carbonell-rozas et al., 2020; Farajzadeh et al., 2021; Li et al., 2021; Ramos et al., 2020; Tian et
al., 2017; Tursen et al., 2021; Wang et al., 2016a), solid phase microextraction (SPME) (Chen et



al., 2019; Yang, 2017), easy, cheap, effective, rugged and safe extraction (QUEChERS) (Rejczak
& Tuzimski, 2017), SALLE (Akram et al., 2017; Alemayehu et al., 2017; Negussie et al., 2021;
Rouhollah & Rezvan, 2021; Tolcha & Megersa, 2021) and DSPE (Gao et al., 2019; Mahpishanian
& Sereshti, 2014; Mohammadnia et al., 2020; Shi et al., 2017; Song et al., 2014; Sun et al., 2018;
Zhang et al., 2017) techniques are significantly reducing or avoiding the use of organic solvents in
sample preparation procedures have been developed and are now widely used.

SPE has been extensively explored in various formats including stir bar sorptive extraction
(Sanchez-Ortega et al., 2009), solid phase membrane tip extraction which involving the use of tiny
cone shaped membrane tip protected multiwall carbon nanotubes (See et al., 2010), DSPE (Chen
et al., 2015a), SPE using hydrophilic lipophilic balanced sorbent (Ntombela & Mahlambi, 2019),
micro SPE using titanium dioxide (TiO2) nanotube array as sorbent (Zhou & Fang, 2015b) and
sol-gel poly (ethylene glycol coated stir fabric phase sportive extraction (Roldan-Pijuén et al.,
2015) and so forth were published methods for extraction of triazines in environmental water
samples. Sorbent used in some reported methods are commercially prepared, expensive and not
available in routine laboratories. Preparation of sorbents are also time-consuming procedure,
require many organic and inorganic compounds which are not cost effective and ecofriendly.
Graphene based materials have been used as adsorbents for the extraction and preconcentration of
pesticides such as carbamate (Gao et al., 2019; Song et al., 2014), organophosphorus
(Mahpishanian & Sereshti, 2016; Sun et al., 2018), organochlorine (Mohammadnia et al., 2020),
triazine (Zhang et al., 2017; Zhao et al., 2011) and neonicotinoid (Shi et al., 2017). Most of the
cited literatures and others use magnetized graphene based nanomaterials and functional composite
of GO. Thus, synthesis of GO nanoparticle sorbent which possess high adsorption capacity, and
low organic solvent consumption (in agreement with the principles of Green Chemistry) was
important sorbent for extraction and preconcentration of s-triazine pesticides in environmental

water samples.

Different modes of DLLME for preconcentration of multiple pesticide residues in environmental
water samples and variety of food matrices such as vegetables and fruit juices have become widely
used in recent years as a result of the replacement of traditional sample preparation techniques
with DLLME (Heidari et al., 2020; Wang et al., 2018a; Wang et al., 2017; Wang et al., 2016b).



Although conventional DLLME, which commonly uses chlorinated solvents, has many advantages
including ease of use, speed, affordability, high recoveries, and a high enrichment factor (Rai et
al., 2016), the widespread use of halogenated solvents as extraction solvents has been constrained
by their toxicity, which is also linked to human cancers. As a result, usage of chlorinated solvents
has been outlawed globally and gradually been replaced with more environmentally friendly
solvents that are lighter in density than water to address these shortcomings (Farajzadeh, 2019;
Jouyban et al., 2020). After its development, numerous research works have been reported for
analysis of pesticides in foods including fruit juices (Ahmadi-jouibari et al., 2017; Farajzadeh,
2019; Jouyban et al., 2020; Majlesi & Massoudinejad, 2016; Mao, 2020; Pirsaheb et al., 2015;
Pirsaheb et al., 2017; Sharafi et al., 2015). But low density extraction solvent based DLLME for
simultaneous extraction of multiclass pesticides in fruit juices were scarce in reported literatures.
Thus, DLLME based on surface floating organic droplets (DLLME-SFOD) which is found to use
less solvent volume, shorter extraction time, and eco-friendly was developed for selective
extraction and enriching of multiclass pesticides from a variety of complex matrix fruit juice

sample.

Among numerous extraction techniques that have been performed to achieve efficient extraction
of pesticides from milk and milk products, LLE ( Chen et al., 2014), SPE (Wang et al., 2019a),
DSPE (Zhao, et al., 2016), magnetic solid phase extraction (MSPE) (Campos do Lago et al., 2020;
Nodeh et al., 2016), SPME (Chen et al., 2019; Rodrigues et al., 2011; Yang, 2017), QUEChERS
(Rejczak & Tuzimski, 2017), pressurized liquid extraction (Mezcua et al., 2007), and cloud point
extraction (Mohd et al., 2018; Niu et al., 2017) were reported on some previous literature works.
The majority of these methods are labor intensive, time consuming, expensive and
environmentally unfriendly. In addition, as stated explicitly in published literatures, industrially
produced QUEChERS kits, SPME needles, and SPE cartilage materials are quite expensive (Lachat
& Glauser, 2018; Novakova & VIckova, 2009; Samsidar & Shaarani, 2018). Therefore, there is a
demand of solvent based microextraction techniques which is simple, cost effective and
ecofriendly for enrichment and extraction of the trace level pesticide residues in milk samples prior
to instrumental analysis. In this thesis, the proposed SALLE method for extraction of multiclass
pestcides from cow milk samples is simple and cost effective, unlike the SPE method, it does not

require multi-steps conditioning, washing, loading and elution (Lachat & Glauser, 2018; Samsidar



& Shaarani, 2018). In addition, unlike QUEChERs, the SALLE method integrate cleanup and

preconcentration in a single step.

The development of efficient, inexpensive, automated, and miniaturized extraction techniques that
could significantly reduce consumption of toxic organic solvents has recently been the focus and
commitment of a large group of research endeavors (Jain et al., 2021; Liu et al., 2022). To this
end, SDME (Salemi et al., 2013; Vifas et al., 2010), HF-LPME (Gure et al., 2013; Megersa, 2015)
and SPME (Chen et al., 2019; Yang, 2017) techniques significantly minimized and working
towards avoiding the use of organic solvents in sample preparation procedures. However, SPME
is expensive, fiber is fragile, and has a short lifetime and takes a long time to condition the sorbent
(Chen et al., 2019). Despite its ease of use and effectiveness, SDME is merely used for laboratory
research due to its drop instability and the main drawbacks of HF-LPME are poor reproducibility
and lengthy equilibration times (Samsidar & Shaarani, 2018). DLLME is a modified version of
solvent extraction which has the ability of enhancing enrichment intensely, and contains very small
amount of toxic solvent used and is the technique in which acceptor to donor phase ratio is greatly
reduced compared to other methods used for similar purposes (Liu et al., 2022; Wang et al., 2016b;
Wu et al., 2010). A microextraction technique, DLLME provides features such as ease of use, fast,
high recovery, and the use of inexpensive widely accessible laboratory supplies (Huang et al.,
2020). The technique has commonly been used to extract trace levels of pesticides ever since it
was first introduced, mostly from water samples (Beshana et al., 2022; Cheng et al., 2010; Ramos
et al., 2020; Wang et al., 2016a), foods (Carbonell-rozas et al., 2020; Li et al., 2021; Tian et al.,
2017), and especially from juices and vegetables (Farajzadeh et al., 2021; Tursen et al., 2021).
However, there are very few literature reports on application of the technique for determination of
sulfonylurea herbicides (SUHSs) in waters and none on the use of high density solvent DLLME
(HD-DLLME), for simultaneous extraction of SUH residues, e.g., metsulfuron-methyl,
chlorosulfuron, niclosulfuron, prosulfuron, flazasulfuron and chlorimuron-ethyl in the matrices of

environmental waters ( tap, underground, lake, and river) prior to HPLC-DAD analysis.

Therefore, the purpose of the current study consisted of filling the aforementioned research gaps.

Accordingly, certain suitable miniaturized and/or green sample preparation techniques for



the selective preconcentration, extraction, and quantitative detection of trace amounts of chosen

pesticide residues in various environmental water and food sample matrices were established.

1.2. Objectives of the research
1.2.1. General objective

The general objective of the research is to develop different miniature analytical sample
preparation methods for extraction and analyzing trace amounts of pesticide residues in water and

food matrices.

1.2.2. Specific objectives

The specific objectives of the research works are:

a) To develop a miniaturized sample preparation technique based on SA-GO-HPLC-DAD for
selective preconcentration, extraction, and quantitative determination of trace level selected
s- triazine pesticide residues in different environmental water samples.

b) To develop and optimize DLLME-SFOD-HPLC-DAD for trace analysis of multiclass
pesticide residues in different fruit juice samples.

c) To develop SALLE method coupled with HPLC-DAD for trace enrichment of multiclass
selected pesticide residues in cow milk.

d) To develop and optimize important parameters of HD-DLLME coupled with HPLC-DAD for
analysis of relatively polar selected sulfonylurea pesticide residues in environmental water

samples.

1.3. Significance of the study

This thesis work aimed to developed modern sample preparation procedures like SA-GO-DSPE,
DLLME, and SALLE followed by the chromatographic technique, HPLC—-DAD for chromatographic
determination, and to address the knowledge gap that currently exists in the country for selected
pesticide analysis in some environmental waters and food samples. The developed techniques were
tested and used to analyze a few specific types of pesticides that have been legally used in Ethiopia for
a long time such as (s-triazine, sulfonylurea, and phenylurea) herbicides, (carbamate,
organophosphorus, and neonicotinoid) insecticides, as well as fungicide in environmental water

and food samples. As a result, the thesis work offered the scientific report on the analytical procedures

8



developed for trace level extraction and analysis of some chosen classes of pesticides researched in the
country. Thus, the findings of the current study will primarily be applied by researchers from
governmental and non-governmental organizations involved in analytical methods development

for extraction and determination trace levels of pesticide pollutants in water and food samples.



2. PESTICIDES

Pesticides represented as substances or mixtures designated for destroying and mitigating group
of pests such as insects, mammals, microbes and weeds (Huang et al., 2020; Farajzadeh, et al.,
2019; Samsidar & Shaarani, 2018). Pesticides of various kinds have been widely employed in
agriculture for high yield products during the past decades. Nearly, one-third of the world’s
agricultural production has been protected by the use of pesticides. Thus, to meet the growing
demands of global population, pesticides have been utilized to improve agricultural production
(Nsibande & Forbes, 2016).

The use of pesticides is also found in non-agricultural settings, such as the control of industrial
vegetation (roadways and railroads), the prevention of pest infestations in buildings, the care of
pets, the maintenance of lawns, and the prevention of parasite infections caused by insects that can

infect humans.

Pesticides are made up of many different types of chemicals with a wide range of chemical and
physical characteristics. Some of these chemicals have varying degrees of toxicity and dispersion,
some of which are lasting and some of which disintegrate in the environment. As a result, they
may have a negative impact on ecosystems as a whole as well as non-target living things (Nasiri
et al., 2020). Organochlorine pesticides (OCPs) such as DDT, whose commercial manufacturing
started in 1943, were the first synthetic organic pesticides (Ahmed et al., 2010). It is impossible to
prevent pesticides from reaching into contact with the environment due to the widespread use that
is constantly expanding. To the extent of our understanding, it is believed that the increase in
pesticide usage will continue for many years to come up with the demand for food security of the
increasing human population. Additionally, due to the world's rising urbanization and the resulting
reduction in land available for farming, society must produce high yield production (Nsibande &
Forbes, 2016). In agrochemical products, a wide variety of pesticides, including insecticides,
molluscicides, nematicides, rodenticides, avicides, nematicides, herbicides, antimicrobials,

repellents, fungicides, algaecides, etc., have been widely utilized (Tudi et al., 2021).

According to Glinski et al. (2018), significant portion of pesticides applied in agricultural areas

pass on to surface runoff into lakes, rivers, and streams before leaking into groundwater systems
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or volatilizing into the atmosphere. As a result, residues from these compounds may be the major
sources of environmental pollution. They may be present in the soil where a crop was grown, as
well as in the atmosphere, run-off water from irrigation, ground water, or surface water. As a result,
they may also pollute food, food products, and biological systems either directly or indirectly
(Samsidar & Shaarani, 2018). Additionally, persistence had been a significant issue, particularly

in systems including surface and ground waters.

2.1. Classification of pesticides

Pesticide active components include a wide variety of chemical compounds, including numerous
biological agents. The chemical and physical characteristics of pesticides differ from class to class.
It is therefore reasonable to classify them according to their characteristics and research their
specific groups. Many pesticide structures are quite complicated and cannot be classified into one
category. In order to account for the growing range of chemical and biological agents used in pest
control or management, systems of classification have arisen. Typically, the
chemical composition, target pest species, and method of action of pesticides are used to categorize
them (Hassaan & EI Nemr, 2020).

2.1.1. Pesticide classification based on chemical composition

The most practical and suitable way to categorize insecticides relies on the chemical composition
and how the active components are described. It is a classification kind that offers evidence of
effectiveness. Pesticides are classified by their chemical classes into organochlorines,
organophosphates, organonitrogen and pyrethroids (Boulanouar et al., 2018).

2.1.1.1. Organonitrogen pesticides

Pesticides with organonitrogen component comprise of a wide range of compounds. In reality, one
refers to a particular class of plant protection compounds by the names of the several chemical
groups that make up that category. According to the literature (Tankiewicz et al., 2010),
carbamates, triazines, and their derivatives are considered to be organonitrogen insecticides.
Carbamic acid is used to make carbamate insecticides, which are used to kill or control insects.
Carbamates come in a variety of forms, and their toxicity varies according to their molecular

structure and operate differently, but in general they degrade more quickly and are less persistent
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in the environment than pesticides like pyrethroid, organophosphorous (OPPs), and OCPs. Hence,
carbamate pesticides are significant class of pesticides that are frequently employed in agriculture
(Wang et al., 2019a; Zhou & Fang, 2015a). The carbamates aldicarb, carbaryl, carbofuran,
fenobucarb, methiocarb, thiobencarb, propoxur, and captan are among the most often utilized ones.
Insects' brains and nervous systems are damaged by carbamates, which are employed as sprays or
baits to kill them. Cockroaches, ants, fleas, crickets, aphids, scale, whiteflies, lace bugs, and mealy
bugs can all be killed with carbamates both in and out of the home. According to Zhao et al. (2016),
several carbamates have been detected in fruit juice at amounts sufficient to cause the concerns.
Gao et al. (2019), further described that exposure to carbamates has the potential to be cancer- and
mutagenic-causing, as well as to result in headaches, lightheadedness, or weakness. Additionally,
it may result in trembling, stomach cramps, diarrhea, and perspiration. A little rash develops when
skin is exposed to carbamates. Long-term exposure may cause weight loss, weakness, and a

general feeling of sickness.

Triazine herbicides, which have six membered aromatic ring, prevent photosynthesis and are used
for combating weeds. They are heterocyclic ring with three nitrogen atoms replacing carbon-
hydrogen units in the benzene ring structure. Tri- signifies three and azine denotes a ring made of
nitrogen, which is how the word triazine was created. These herbicides are triazines, which come
in symmetrical and asymmetrical forms (Megersa, 2015). Examples of symmetrical triazines are
chloro-s-triazines (simazine, atrazine, propazine and cyanazine); the thiomethyl-s-triazines
(ametryn, prometryn, terbutryn) and the methoxy-s-triazine (atratone, prometone, secbhumetone
simetone, and terbumetone). From the isomers of triazine; 1, 3, 5-triazine (also known as s-triazines
or symmetrical triazines) are the most common and one of the oldest known classes of organic
molecules of which about 30% of the herbicides produced. The 6-chloro—s—triazine herbicides,
including atrazine, cyanazine, propazine and simazine, which inhibit photosynthesis in plants, are
the most heavily used pesticides in the world (Megersa, 2015). In soil and water, triazine herbicides
are moderately mobile. Triazines are particularly prone to discharge into surface waters and
groundwater due to their physicochemical characteristics. Thus, because triazines are very soluble
in water, surface and ground waters have become contaminated (Boruah et al., 2021). The
increasing use of triazines has effect on the directly treated plants and the entire food chain (Liu et

al., 2014) and dangerous to human health causing birth defects, cancers, issues related with the
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cardiovascular and reproductive systems, as well as disruptions in hormone function (Mnyandu &
Mahlambi, 2021; De Toffoli et al., 2018).

SUHs, a large family of herbicides used extensively in agriculture, have gained quite significant
attention all around the world due to their broad spectrum and high herbicidal activity at low
dosage application rates (10-40 g ha'), good crop selectivity, and low mammalian toxicity as a
result of their low application rates. There are currently more than 30 commercially available
sulfonylurea formulations, making them the second most popular type of herbicide after
glyphosate (Gure et al., 2014a). Wheat, vines, rice, citrus, corn, potatoes, tomatoes, and other crops
have all been subject to the application of SUHs to suppress weeds (Ghobadi et al., 2015).
However, these benefits in controlling herbicides are not without risk to human health and threat
to environmental. Depending on the pH, SUHs which are susceptible to contraction of the
sulfonylurea linkage degrade in water 10 t01000 times faster than the others (Fenoll et al., 2012).
In addition, although the application rates are low, due to relatively high solubility in water and
moderate to high mobility, these herbicides may result in leaching into deeper soil and potentially
entering surface waters (Kaczynski & Lozowicka, 2017; You & Chen, 2016). Despite the fact that
SUHs rapidly decompose in water and soil due to their thermal and chemical instabilities, they still
exist in some situations at a trace level (Perreau et al., 2007) and are being detected in surface and
ground waters (Chen, et al., 2010). Therefore, the presence of significant levels of pesticide
residues in environmental matrices has emerged to pose serious environmental and human health

problems (Moreno-gonzalez et al., 2017; Shamsipur et al., 2016).

2.1.1.2. Organophosphate pesticides

Esters of phosphoric acid or thiophosphoric acid are organophosphates. Their original chemicals
were extremely hazardous to mammals when they were first synthesized in the 1930s and 1940s.
Considering their stability, mobility, and long-term impacts on living things, OPPs are among the
most hazardous environmental pollutants (Razmi & Jabbari, 2015). OPPs, which are less persistent
than OCPs, are frequently the treatment of choice because they effectively, safely, and affordably
be managed to a variety of pests and often utilized as pesticides in homes, gardens, and farms
(Merdassa et al., 2013). Even at low exposure levels, some OPPs, their metabolites, and breakdown

products can have harmful impacts on human health. Among the foods that are most frequently
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contaminated with OPPs are fruits and vegetables. The European Union has set maximum residue
limits (MRL) of 0.01 mg kg™ for pesticide residues in processed foods and 0.01 - 0.3 mg kg™ for
pesticide residues in numerous fruits and vegetables (Xu et al., 2020). According to Heidari et al.
(2020), OPPs are known to contribute to or aggravate a number of health issues in
humans including cancer, immune system interference, and hormone disturbance. Among these,
methidathion, dimethaote, chlorpyrifos, parathion, diazinon, famphur, phorate, terbufos, and
malathion are examples of OPPs. In this thesis, two OPPs including dimethaote and methidathion
were considered. Dimethaote classified as moderately hazardous (Class I1) and methidathion
classified as highly hazardous (Class 1B) by the World Health Organization, WHO (WHO, 2019).

2.1.1.3. Organochlorine pesticides

OCPs have been employed extensively worldwide in agriculture due to their effectiveness against
a range of dangerous insects and their low price (Keswani et al., 2022). Representative compounds
in this group include DDT, methoxychlor, dieldrin, chlordane, toxaphene, mirex, kepone, lindane,

and benzene hexachloride.

Their low volatility, combined with their extreme stability and probable indiscriminate use in the
past, has led to their high persistence both in the environment after application and in organisms
after exposure (Zhao et al., 2016). For instance, some OCPs such as DDT, DDE, and DDD have
a field half-life of 15 years, whereas aldrin and toxaphene have half-lives of 365 and 9 days,
respectively, (Hassaan & ElI Nemr, 2020). OCPs are stable chemicals that are very persistent and
because of their lipophilic nature, they have the potential to accumulate in adipose tissues and
bioaccumulate in the food chain (Lucas et al., 2021; Mehlhorn et al., 2022). Their potential for
bioaccumulation, chronic toxicity, and possible negative effects on humans and wildlife
health resulted to them becoming a global issue of concern (Chen et al., 2022).

During the last decades it became obvious that these chemical compounds are transported through
the environment and that critical concentrations have been reached in some areas including those
where they have never been used and thus, significant attention has been given to this group of
substances on international basis. During the 1970s and 1980s, OCP usage was outlawed in a
number of countries. However, because of their efficiency and low cost, organochlorine pesticides

like DDT, hexachlorocyclohexane, aldrin, and dieldrin continue to be used routinely in developing
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countries like Ethiopia mainly for the control of mosquitoes in health sector (Jayaraj et al., 2016;
Mekonen et al., 2017; Merdassa et al., 2015b; Wang et al., 2019b).

2.1.1.4. Pyrethroids pesticides

In order to improve biological performance and environmental stability, in comparison to natural
pyrethrins, pyrethroids are synthetic derivatives created by altering specific chemical structures
(Ahamad & Kumar, 2023). The natural substances (pyrethrins) that were extracted from plants in
the Chrysanthemum genus served as the basis for the pyrethroid class of insecticides (Gao et al.,
2018; Niu et al., 2017).

Synthetic pyrethroid pesticides have been used to control agricultural pests all over the world since
the 1980s due to their relatively low mammalian toxicity, more efficient at lower concentrations,
selective insecticide activity, lack photostability and persistence in the environment compared to
the organophosphate, organonitrogen, and OCP classes of pesticides (Niu et al., 2017). Specifically
aiming at the receptor location of the voltage-gated sodium channel, pyrethroid herbicides are
neurotoxins (Ahamad & Kumar, 2023). By attaching to sodium channels, they render insects
incapable of moving and paralyze them excitably (Mao, 2020; Valmorbida et al., 2022). They act
in a way that is remarkably similar to natural pyrethrins, which are made from chrysanthemum
flowers and are incredibly harmful to fish, aquatic arthropods, and honeybees even at low
concentrations (Ahamad & Kumar, 2023) and other researchers found that repeated exposure
raises the risk of anaphylaxis and allergic reaction at very low concentrations. Acetamiprid,

imidacloprid, lamda-cyhalothrin, and deltametrin are some examples of this group of pesticides.

2.1.2. Pesticides classification based on target pest

Pesticides are categorized as three main groups according to the target organisms, namely,
herbicides, insecticides and fungicides (Nasiri et al., 2020). Throughout the world, 40% of applied
pesticides are herbicides, 33% are insecticides, while 10% are fungicides and 17% are classified
as others (Glinski et al., 2018).
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2.1.2.1. Herbicides

Herbicides are the most widely used pesticides class worldwide, followed by insecticides and
fungicides. According to Forouzesh et al. (2015), glyphosate, phenoxy acids, benzonitriles,
phenylureas, sulfonylureas, triazines, dinitroanalines, amides, thiocarbamates, and uracils are the
major chemical groups of herbicides. In this study, the triazines (atraizine, simazine, propazine,
prometryn, and cyanazine), phenylurea (linuron) (Bekele & Megersa, 2023a, b; Bekele et al.,
2023), and sulfonylureas (chlorsulfuron, chlorimuron-ethyl, flazasulfuron, metsulfuron methyl,
niclosulfuron, and prosulfuron) are given particular attention herbicides, since nowadays, they are
widely used worldwide for the control of many grasses and most broad leafed weed species in a
variety of crops and vegetation. To kill weeds, they are commonly utilized in urban, industrial, and
agricultural environments. They are able to offer minimally labor-intensive weed control.
Herbicide use has increased crop yield stability, protected crops from unnecessary weed
competition, and enhanced the nutritional value of food. To control weeds in agricultural crops,

herbicides are typically applied before and after emergence.

The choice of a particular herbicide is typically dependent on a number of factors when the usage
of herbicide is needed. In application of pesticides, method being used is the first thing to take
into account. Herbicides include application instructions on the label. For instance, a pesticide
might be designated for injection or girdling but not basal spraying. Herbicides should only be
used for the stated purposes on the label. The relative efficiency of the herbicide in controlling the
target plant species, ease of use, relative availability, worker exposure, environmental safety,
personal experience, and availability are the second essential factors to take into account when
choosing herbicide. It is always necessary to choose herbicide that will effectively control the
target species, even though the relative importance of these factors may change depending on the

environment and the individual (Heiligmann & Krause, 2021).

2.1.2.2. Insecticides

Insecticides are chemical or biological agents that control insects. Control may result from killing
the insect or otherwise preventing it from engaging in behaviors deemed destructive (Nakao &

Banba, 2015). Insecticides may be natural or manmade and are applied to target pests in a myriad
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of formulations and delivery systems (sprays, baits, slow-release diffusion, etc.). The science of
biotechnology has, in recent years, even incorporated bacterial genes coding for insecticidal
proteins into various crop plants that kill an unsuspecting pests that feed on them (Sparks & Nauen,
2015). Malathion, mercarbam, DDT, aldicarb, carbofuran, pyrethrum and allethrin are classified

under this category of pesticides.

2.1.2.3. Fungicides

Fungicides are the type of pesticides used to treat plant diseases caused by different types of fungi, and
they have a major impact on improving the productivity and quality of agriculture. The most frequent
fungi infections are downy mildew (Plasmopara viticola), powdery mildew (Uncinula necator),
and gray mold (Botrytis cinerea) (Bernardi et al., 2022). They can be applied directly to the soil or
sprayed over crop fields (Merdassa et al., 2015a). A fungicide with broad-spectrum activity is
effective against a number of harmful fungi. Azoxystrobin, capstan, sulfur, and mancozeb are some
examples of broad-spectrum fungicides. Some fungicides have a very specific range of activity;

mefenoxam, for instance, exclusively works against oomycetes like phytophthora.

2.1.3. Pesticide classification based on mode of action
2.1.3.1. Selective or nonselective pesticides

Selective insecticides are those that kill some organisms in a mixed population while safeguarding
the existence of other species. For instance, grasslands, lawns, and gardens all utilize selective
herbicides. Some of selective herbicides are employed on croplands including atrazine, 2, 4-D,
trifluralin, alachlor, butachlor, fluchloralin, and pendimethalin (Diggle et al., 2003). Whereas non-
selective insecticides, such as paraquat, diquat, sodium chlorate, weed oils, and acrolein kill pests
regardless of their species. For broad vegetation control on industrial sites, around walkways,
fallow land, and in swimming pools and tennis courts, non-selective herbicides like glyphosate (or

organic alternatives like nonanoic acid (Slasher) are used. (Diggle et al., 2003).

2.1.3.2. Contact or systemic pesticides

Insecticides that are distributed throughout the plant by absorption are known as systemic

insecticides. As a result, the entire plant or some sections thereof turn poisonous to insects. Since
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insects that feed on plant tissue must be controlled, this kind of insecticide is crucial. Systemic
insecticides can be used against sucking or chewing insects like aphids, caterpillars, and root
nematodes. Systemic pesticide has the drawback of killing both harmful and helpful insects. Only
the part of the bug that is in touch with the herbicide kills it. Therefore, for effective control,
consistent spray coverage and particle size are crucial. Paraquat, diquat, glyphosate, propanil, and
petroleum oils are a few examples of typical contact insecticides (Stocka et al., 2011).

2.2. Environmental fates of pesticides and their metabolites

A pesticide natural affinity for one of the four environmental categories; namely, biota, liquid,
solid or gaseous affects the pesticides environmental fate (Hassaan & EI Nemr, 2020). In general,
pesticides have different distribution and persistence patterns in the environment. This behavior can
be the measurement of solubility; Henry’s Constant (H); the n-octanol/water partition coefficient
(Kow) and soil sorption coefficient (Koc). These variables, which are widely known to affect
pesticides fate in the environment, are taken into account when determining how each pesticide
behaves in the environment. Even though a pesticide is transported in some form through air, soil,
and water, its final consequence mostly depends on its persistence and solubility characteristics.
They can pass through a variety of processes and pathways after being released into the
environment, frequently moving from one medium to another and maintaining a wide range of
alterations in the processes (Fig. 1). For instance, a pesticide used directly to a target pest, animal, or
plant may have a variety of adverse consequences. It might be absorbed by plants or consumed by
animals, insects, worms, or soil-dwelling microbes. In the soil, it may sink and either stick to the
granules or travel downhill. The pesticide may potentially evaporate and reach the atmosphere, or it
may be metabolized or degraded by microorganisms through chemical routes. It could wash off the

surface of the land or leach out of the root zone with rain or irrigation water (Tiryaki & Temur, 2010).
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Figure 1. Environmental fates of pesticides and their metabolites.
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3. SAMPLE PREPARATION METHODS FOR THE ANALYSIS OF PESTICIDE

RESIDUES IN ENVIRONMENTAL AND FOOD MATRICES
Despite their many advantages, pesticides can seriously endanger both human health and the
environment if they are used in large quantities. In order to detect their trace residual quantities in
food and environmental samples, it will be necessary to develop simple and sensitive analytical
techniques. Analytical chemistry has known for decades that it is difficult to accurately determine
analytes at the trace level without any pretreatment step. Major advances, in the development of
analytical instruments have been made during the last four decades in the area of trace analysis in
environmental samples. Despite all the technological breakthroughs in instrument development,
instruments are unable to handle samples with complex matrices. To date, the methods used for
the analysis of pesticides are mostly based on the chromatographic techniques such as HPLC
(Chen et al., 2014) and gas chromatography (GC) (Farajzadeh et al., 2019). These instruments
cannot directly handle environmental and food matrices, hence adequate sample preparation or
sample pretreatment activities that enrich analytes and reduce interferences must be performed
before analysis (Han et al., 2021; Kanu, 2021). Sample preparation is a crucial step in analysis and
is often a bottleneck to rapidly obtaining accurate and sensitive results in the determination of trace
pollutants (Jain et al., 2021; Ma et al., 2020).

As pesticide pollutants are generally present at low concentrations, they have to be separated from
the majority of the components of the accompanying matrix and enriched before analysis. Sample
preparation is the process of isolating the desired components from a sample matrix into forms
that are appropriate for the analytical procedure. This creates sub-fractions of the original samples
that are enriched in all the substances that are important for the analysis while removing other
components that could interfere with the analysis. The analytes separated from the matrix are
preconcentrated to improve the selectivity, sensitivity, reliability, accuracy and reproducibility of
analysis (Nasiri et al., 2020; Wang et al., 2019b). Most often, sample requires sample preparation
for one of the following reasons before its identification and/or determination with appropriate
analytical instruments. For instance, the technique requires a liquid sample, but the sample is solid;
the sample contains interfering matrix components that could cause erroneous or inaccurate
readings in the test; and the analyte concentration in the sample is too low for the instrument to

detect it. As a result, choosing the best extraction and preconcentration method is crucial for the

20



accurate measurement of pesticides at trace levels. The analytical techniques used should to be
able to measure residues at trace level concentrations and must also be able to offer convincing
evidence of both the identity and the concentration of any residues found. The development of new
sample preparation processes that are quicker, more efficient, cost effective, and requiring less
organic solvent has thus received prior attention in all aspects of separation science research
(Tolcha & Megersa, 2018; Zhao et al., 2019).

The majority of instruments available for quantitative studies in biological and chemical sciences
are intended for use with liquid samples. For this reason, solid materials to be studied are normally
converted to a powder and then dissolved in an appropriate solvent. Depending on the polarity and
reactivity of the material, a polar or nonpolar solvent may be selected for this dissolution process.
A solvent that can dissolve the full solid sample is selected to guarantee that the analyte has been
completely dissolved in the solution of interest. Thus, LLE and SPE were frequently employed
when target analytes are not present at the trace level and the sample lacks complex matrices. But
in more complex solid and semi solid samples, different efficient extraction methods for trace level
pesticides such as Soxhlet, microwave assisted, ultra sound assisted, and pressured liquid
extraction (PLE) from soil and sediment (Castifieira-Landeira et al., 2023; Kunene & Mahlambi,
2020; Merdassa et al, 2015b), PLE and super critical fluid extraction (SFE) from onion (Nakamura
et al., 2019; Tolcha et al., 2020), LLE and SFE from honey (Baroudi et al., 2021; Lucas et al.,
2021; Tolcha et al., 2021; Kujawski et al., 2014; de Pinho et al., 2010), QUChERS from cereals,
fruit and vegetables (Mnyandu & Mahalambi, 2021; Ma et al., 2020; Kaczynski et al., 2017; Rai
etal., 2016), PLE from milk powder (Mezcua et al., 2007) and matrix solid phase dispersion from
vegetables and grain (Liang, et al., 2019) were some of extraction methods employed for soild

samples preparation.

3.1. Classical sample preparation techniques for liquid samples

Quite a large number of conventional analytical methodologies including LLE and SPE have been
utilized for selective and quantitative extraction of pesticide residues in samples of environmental,

biological, food, pharmaceutical, and similar other origins.
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3.1.1. Liquid-liquid extraction

LLE, which has been in use for sample preparation for a long time, is one of the simplest and oldest
extraction techniques still in use. LLE, often referred to as solvent extraction in which the target
analytes are partitioning between two distinct immiscible liquids typically water and organic
solvent. The use of LLE is governed by various physicochemical parameters depending on the
target analyte to be extracted, which provides information on pH solution, choice of extraction
solvent type and volume, and how those choices affect selectivity needed for analyte extraction.
Several solvents such as dichloromethane, chloroform, toluene, hexane, ethyl acetate,
cyclohexane, and petroleum were used for the analysis of pesticide that depend on the
physicochemical characteristics of each pesticide (de Pinho et al., 2010; Timofeeva et al., 2017).
LLE has been applied for extraction of multiclass pesticides from honey samples (de Pinho et al.,
2010; Kujawski et al., 2014), edible oil (Zhao et al., 2019), milk (Chen et al., 2014) and water
samples (Farajzadeh et al., 2015).

The extraction of various sample types and analytes, simplicity, reliability, low cost, and
compatibility with majority of the available analytical instruments are the important advantages
LLE offers in trace analysis. This method, however, has some inherent drawbacks that can make
it expensive or impractical to use: it is labor-intensive, time-consuming, and requires large amounts
of organic solvents, many of which are highly toxic to the health of analysists and the environment,
in addition to the possibility of emulsions, which may require lengthy extraction steps. Researchers
have been emphasizing on developing more effective sample pretreatment and cleanup techniques

that can replace or modify this method in recent decades (Samsidar & Shaarani, 2018).

3.1.2. Solid phase extraction

SPE, which was first introduced in early 1970 and developed between 1980 and 1990, is one of
the alternate sample preparation techniques to LLE. The SPE procedure relies on distributing the
analytes between a solid sorbent packed in a cartridge and a liquid sample that passes through the
solid phase. The common components of the solid phase are ion exchangers, organic polymers,
and small porous silica particles with or without bound organic phases. Adsorption, partitioning,

or ion exchange are the bases for the various extraction mechanisms, depending on the type of
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solid phase. Significant works have been performed towards developing and characterizing new
formats and advanced sorbent materials, among other SPE related activities, in order to increase
the sorbent materials sportive capability, physicochemical stability, and selectivity or specificity

for the target analytes (Faraji et al., 2019).

In general, silica or polymer-based sorbents are commonly used to carry out the SPE. The sorbent
phase of SPE is largely comparable to that packed into particular HPLC
columns. Depending on the fundamental priniciples of standard chromatographic operations, the
composition of the SPE sorbent phase can thus change in the bonded functional group based on
retention mechanisms, the analyte, the sample conditions, and the solvent employed in
conditioning and elution steps. Van der Waals forces, n—x interactions, hydrogen bonds, dipole—
dipole interactions, and ion exchange interactions are the most frequently used retention
mechanisms in SPE (Zygler et al., 2010). Thus, sorbents can be classified into four groups based
on the mechanisms used for retention, including reversed phase (such as Csand Cis bonded phases)
for extraction of hydrophobic analytes from aqueous matrix; normal phase (such as silica, Florisil,
alumina, diol, NH2, and CN bonded phases) for the extraction of polar analytes from non-polar
organic solvents, and ion exchange bonded phases (such as sulfonic acid for strong cation
exchangers and ammonium for strong anion exchangers) and mixed-mode, which exhibits two or
more mode of interaction mechanisms like hydrophobic and ion-exchange functional groups
attached to the surface, are used to extract charged analytes from aqueous or non-polar organic

samples (Badawy et al., 2022).

SPE has effective purification and preconcentration capacity that can overcome some drawbacks
of LLE such as high consumption of sample volume, organic solvent volume and longer extraction
time. The lengthy experimental methods required for loading, washing, and elution of the columns
as well as the solid phase pores being blocked by large macromolecules are limitations of SPE,
even if it consumes less solvent than LLE, as illustrated in Fig. 2. In addition, back pressure
problem issue, sorbent ready to use in SPE is relatively expensive, the problem associated to the
sample carry over effect which causes increased cost of sample handling and identifying
appropriate sorbents during multiclass trace level analysis are all disadvantages of conventional
SPE (Han et al., 2021; Liang et al., 2019; Samsidar & Shaarani, 2018).
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Figure 2. Schematic diagram of SPE (A) cartilage sorbent and (B) extraction steps (Badawy et al.,
2022).

3.2. Microextraction sample preparation techniques for pesticides analysis

Microextraction techniques are typically characterized as non-exhaustive sample preparation
techniques that use a very miniature volume of the extracting phase (in the range of pL) relative
to the sample volume, implying a high enrichment factor. Additional benefits of microextraction
technology include simplicity of use, miniaturization, affordability, and adaptability to a wide
range of samples and analytes. These features are crucial for the present development and use of
these technologies. The progress of sample extraction technology toward extracting target analytes
at micro to nano levels and simplified development has improved extraction effectiveness and
decreased resource consumption. SPME, which uses small volume of solid or semi-solid
polymeric substance, and liquid phase microextraction (LPME), which uses a small amount of
liquid, are both methods for extracting analytes. Both techniques have significant structural
variations, yet they have similar characteristics in that they are both microextraction processes
(Mirnaghi et al., 2013). Both methods are useful alternatives for sample preparation due to their

simplicity, effectiveness, low cost, minimal solvent use and excellent abilities to clean up samples.
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Recent investigations have focused on the development of effective, affordable, and miniaturized
extraction methods for sample preparation utilizing small amounts of less hazardous solvents in
line with the principles of green chemistry (Faraji et al., 2019; Filippou et al., 2017). To this end,
DLLME (Ramos et al., 2020), SPME (Fusun et al., 2014), SDME (Yohannes et al., 2016), DSPE
(Bekele & Megersa, 2023a) and HF-LPME (Gure et al., 2013; Megersa, 2015) techniques have
been developed and widely used as methods of choice for critically minimizing or avoiding the
use of organic solvents in sample preparation procedures. However, SPME is expensive, its fiber
is brittle and has a short lifespan, it typically has carryover effects, and takes a long time to
condition the sorbent (Rezaee et al., 2006; Samsidar & Shaarani, 2018). On the other hand, SDME
approaches had shortcomings in drop instability and HF-LPME had poor reproducibility because

the membranes cut manually (Samsidar & Shaarani, 2018).

3.2.1. Solid phase microextraction

SPME is the first adsorbent based microextraction which has gained popularity since it was first
developed by Pawliszyn's group in the 1990s. This microextraction was developed mainly to
minimize the time and extensive consumption of organic solvent and the need for large sample
size for sample preparation. It is also the simple sample preparation method with benefits of high
speed, sensitive and easy coupling to GC and HPLC. This technique has been considered to be a
promising pretreatment method and has been widely used in the areas of the environment analyses
(Pei et al., 2018; Yin et al., 2019), food (Souza-Silva et al., 2015), and forensic medicine (Riahi-
Zanjani et al., 2018).

The SPME mechanism operates on the idea that analytes are distributed throughout the bulk and
the fiber coating. In order to improve the sensitivity, mass transfer velocity, and repeatability of
the approach, the stationary phase coated on the fiber is critical (Yin et al., 2019). Many attempts
have been undertaken over the past few decades to improve the sensitivity and selectivity for
different target analytes, as well as the chemical and thermal constancy of the innovative SPME
coating materials. Octadecylsilane (ODS), also called Cus, is a kind of surface modified amorphous
silica. The C1s bonded silica phase is frequently used in SPE to preconcentrate or cleaning nonpolar

and medium polar components because it has good separation performance (Ginter et al., 2016;
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Olisah et al., 2019). Along with SPE, SPME has paid a lot of attention to the use of Cis as a
hydrophobic stationary phase. OCPs in water samples were found using the Cis functionalized
SPME fibers. The home made Cis composite fiber can be equipped in a fairly constant thickness
of 35 mm and a batch of fibers may be manufactured at once using a column assisted process with
stainless steel wire as the fiber substrate and the assistance of the GC column (Li et al., 2015).
Additionally, the fiber shown outstanding qualities, including exceptional thermal stability,

solvent resistance, repeatability, and reproducibility, as well as a wide linear range (Li et al., 2015).

The sample preparation method known as in-tube SPME (IT-SPME) can be used in combination
with either HPLC or GC for online analysis. This method is quick, automated, and uses small
organic solvents or sample material (Fernandez-Amado et al., 2016). For IT-SPME, various
extraction phases are often employed, either filled into metal tubes or adhered to the inside of
capillaries using covalent or non-covalent interactions. Graphene (G) and GO (Li & Xu, 2015) as
well as carbon nano tubes (CNTS) (Jornet-Martinez et al., 2015) have been the subject of numerous
investigations on novel materials used as the extraction phase for IT-SPME. The analytical
methods selectivity, sensitivity, and extraction effectiveness can all be improved with these
materials. The last several years have seen a lot of focus on G and its modifications among these
materials. To analyze three of the most prevalent triazines in water samples, a method based on
the use of a packed column containing GO supported on aminopropyl silica as sorbent for SPME
was developed and optimized. According to de Toffoli et al. (2018), the method revealed that the
extraction phase has a high potential for triazines extraction aiming to its physical and chemical
properties, including ultrahigh specific surface area, good mechanical and thermal stability, and
high fracture strength. For compounds containing aromatic rings in pesticide structures, the
electron system in G and its derivatives offers a strong affinity. The application of these materials
as a sorbent in packed extraction techniques like IT-SPME, however, does present certain
challenges. For instance, the large surface area of G or GO nano sheets raises the extraction
pressure and forces the sorbent out of the frits. Despite the many advantages of the traditional
SPME, some limitations such as fiber breakage, the sorbent coating losses from the fiber surface
during microextraction procedure, swelling of the sorbent in organic solvents, high temperature
thermal instability in the thermal desorption procedure were observed (Samsidar & Shaarani,
2018).
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3.2.2. Dispersive solid phase extraction

DSPE is a relatively simple and fast sample preparation technique, which was developed by the
United States Department of Agriculture (Anastassiades et al., 2003) and has been successfully
applied as a method of extraction, isolation, and cleaning in analytic treatment of a wide variety of
organic pollutants. DSPE simplifies SPE cleanup, allows more samples to be analyzed at one time,
is quite rapid, requires low solvent consumption and also could avoid complex process
conditioning and washing, and back pressure problem often encountered in common SPE. DSPE
consists of the addition of a solid sorbent, usually silica or polymer based, directly into the sample
solution (Han et al., 2014). The dispersion process increases the contact area between the sorbent
and the analyte. The sorbents employed in DSPE in the determination of pesticide residues are
solids chemically modified by the addition of several chemical compounds that modify their
affinities. These modifications ensure the selectivity for the analytes of interest, which allows the
maximal retention, minimizing the interferences in the analytical matrix (Sun et al., 2015). After
the dispersion, the sorbent is isolated by centrifugation or filtration process. Once the solid phase
is isolated, the analytes or interferences adsorbed on the surface of the sorbent could easily be
eluted with addition of adequate organic solvents. The removal of potential interferences (clean-
up) that might interfere with the subsequent determination of the analytes is accomplished using
the DSPE method, which is regarded as a micro and macroscale method of extraction and clean-
up used in several analytical procedures (Lin et al., 2016). However, one of the critical steps in
DSPE is the selection of the sorbent, and it is necessary to consider chemical and physical
characteristics that allow maximal interaction between the sorbent and the analytes, ensuring
selectivity of extraction, removal, or preconcentration of the analytes present in analytical matrices
(Arnnok et al., 2017). With the additional advantage of low consumption of solvents in the
treatment of the sample, DSPE is considered to be a low cost, simple and environmental friendlier

technique in comparison with classical techniques such as LLE and SPE (Souza-Silva et al., 2015).

3.2.2.1. Dispersive solid phase extraction based on graphene nanomaterials sorbent

Graphene is a chemical substance (carbon nanomaterial) that contains a single atom thick sheet of
honeycomb shaped carbon lattice, possessing a high specific surface area, which makes it
extremely good adsorption ability and becoming one of the successful adsorbent of organic

compounds (Foschi et al., 2021; Zhang et al., 2017; Zhao et al., 2011). A unique advantage of
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graphene over other carbon based nanomaterials is caused by the upper and lower sides of its
planes which are accessible for adsorption (Nodeh et al., 2016). However, pure graphene sheets
tend to form unrecoverable agglomerates or restore to form graphite through Van der Waals
interactions and m-stacking if the sheets are not detached from each other. Therefore, chemical
modification of graphene is the most reliable means to synthesize GO which is also important in
the preparation of other graphene based sorbent materials (Xu et al., 2020). GO can be produced
by chemical oxidation of graphite by strong oxidizing agent using modified Hummer’s method
and subsequent exfoliation by ultra-sonication (Boruah et al., 2021). This method is commonly
used for synthesis of GO due to its low cost, simplicity and scalability. GO appears to be an
ultimate sorbent in SPE because as much quantities of oxygen atoms on its surface obtainable from
hydroxyl, epoxy, and carboxyl groups (Fig. 3). Because of these functional groups on it, GO has
good affinity towards organic compounds containing benzene ring, oxygen and nitrogen functional
groups through the formation of a m—n electrostatic interaction, hydrogen bonding and strong n-n

stacking interaction (Asadi et al., 2020; Mohammadnia et al., 2020; Sereshti et al., 2014).

‘ﬁ Oxidation
H
ﬁ H,50, + KMnO,
=
Na 2N03

Graphite

Graphene Oxide

Graphite oxide
Figure 3. A scheme illustrating synthesis of graphene oxide from graphite (Sereshti et al., 2014).

Nowadays, graphene based materials have been used as adsorbents for the extraction and
preconcentration of pesticides such as carbamate (Gao et al.,, 2019; Song et al., 2014),

organophosphorus (Mahpishanian & Sereshti, 2016; Sun et al.,, 2018), organochlorine
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(Mohammadnia et al., 2020), triazine (Zhang et al., 2017; Zhao et al., 2011) and neonicotinoid
(Shi et al., 2017). Most of the cited literatures and others use magnetized graphene based
nanomaterials and functional composite of GO. Magnetized graphene-based nanomaterial
adsorbents, on the other hand, are expensive and labor-intensive to prepare. In addition, the
adsorption capacity decreases as the amount of FesOs rises because too many magnetic
nanoparticles may cover the graphene sheets, necessitating the laborious and time-consuming
process of optimizing the amount of FesO4 nanoparticles (Zhang et al., 2017). The interaction of
FesO4 nanoparticles and GO layer is only by electrostatic or physical adsorption which may be
the reason for its leaching out from the GO sheets (Boruah et al., 2017). Hence, the cost effective,
efficient, simple and time saving pattern of SPE procedure, i.e, DSPE using GO adsorbent can be
used for enrichment of trace level inorganic and organic compounds including pesticides in

environmental water samples.

GO have been used as the adsorption materials for DSPE. GO nanosheets are negatively charged
between pH 2-10 (Deng et al., 2013), which is consistent with the expected results that the
ionization of functional groups exist on its surface. Although the substantial electrostatic repulsion
caused by these negative charges at this pH range resulted in well dispersed GO in water samples,
it makes it difficult to collect when we utilize it as sorbent in DSPE. Also due to the low density
of pristine GO, it is exhaustive for separation in centrifugation and the high pressure in filtration.
Therefore, NaCl was used to neutralize the excessive negative charges and decrease the
electrostatic repulsion to carry out the purpose of GO aggregation (Li et al., 2015) as shown in Fig.
4,

As a new mode of SPE, SA-GO-DSPE is performed with the assistance of adding NaCl salt for
the purpose of GO aggregation (Fig. 4). This mode was used for efficient extraction of
triphenylmethane dyes (malachite green and crystal violet ) (Li et al., 2015), heavy metals (Pb, Cd,
Bi, and Sb) (Deng et al., 2013), low mass aliphatic amines (dimethylamine and trimethylamine)
(Xu et al., 2016) and symmetrical triazine herbicides (atrazine, propazine, prometryn and
simazine) (Bekele & Megersa, 2023a) from environmental water samples. Some extraction

methods of graphene based nanomaterials sorbent employed for extraction of various types of
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pesticide compounds from environmental waters as well as other matrices such as foods are

indicated on Table 1.

X

Analytes

Analyte

Graphene
Adsorbed

Figure 4. Schematic illustration of the salt assisted GO-DSPE process.
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Table 1. Dispersive solid phase extraction based on graphene nano materials sorbent for the

extraction and determination of pesticides in water and food samples.

Sorbent LOD
Method Sorbent Amount (ng LY Recovery RSD Ref.
(mg) (%) (%)

D-u-SPE | G/pDA? 15 1.5-3 76.8-85.3 | 0.4-3.0 | (Xuetal., 2020)

D-u-SPE | (GO/Fe;04/TBA)® 100 7 88.0-94.0 | 6.5-7.5 | (Mohammadnia et al., 2020)

MSPE G-CNT- Fe304° 80 1.4-11 76-103 3.9-8.8 | (Razmi & Jabbari, 2015)

D-p-SPE | RGO-TiO:d - 2.3-33 89-109 1.8-8.3 | (Zhou & Fang, 2015a)

MDSPE | IL-MG® 40 0.09-0.15 97-101 3.1-6.8 | (Zhangetal., 2017)

MSPD G- Fe304 100 - 93-106 5.1-7.1 | (Chatzimitakos et al., 2019)

MSPE Fe30,@G-CNPIrTEOS' 100 0.01-0.6 82-94 1.7-17.6 | (Nodeh et al., 2016)

GO-D-p- | GO 3 15 89-110 5.2 (Mahpishanian & Sereshti, 2014)

SPE

MSPE Graphene@SiO,@Fe3;04° 20 16-33 90-103 0.5-10 | (Wang et al., 2018b)

MSPE TPN/Fe304 NPs/GO" 11 0.17-1.7 91-102 4.7-9.3 | (Moradi Shahrebabak et al.,

2019)

DSPE RGO-ZnO' 20 0.01-0.05 75-104 3.7-8.6 | (Sunetal., 2015)

SA-GO GO 1 0.12-0.8 69-96 1.3-9.1 | (Bekele & Megersa, 2023a)
G/PDA® Graphene/polydopamine composite; GO/Fe3O4/TBAP: Magnetic graphene oxide tert-butylamine;

G-CNT- Fe30,%: Graphene-carbon nanotube-FesO,4; RGO-TiO,%: Reduced graphene oxide-modified TiO, nanotube
arrays; IL-MG®: lonic liquid-magnetic graphene; FesO4,@G-CNPITEOS" Magnetic graphene-based
cyanopropyltriethoxysilane; Graphene@SiO,@Fe304%: Magnetic silicon oxide nanocomposite graphene;
TPN/Fe304 NPs/GO": Triazine-based polymeric network modified magnetic nanoparticles/GO; RGO-ZnO': Reduced
graphene oxide coated with ZnO nanocomposites.

3.2.3. Dispersive liquid-liquid microextraction

DLLME technique was introduced in 2006 by Assadi and coworkers (Rezaee et al., 2006). The
extraction and disperser solvents are rapidly injected into the aqueous sample to generate a cloudy
solution, which is the basis for the trace enrichment principle in DLLME. It is a modified form of
solvent extraction that has the capacity to maximize enrichment, uses a very small amount of
organic solvent, and has significantly lower acceptor to donor phase ratio than other techniques
employed for similar purposes (Liu et al., 2022; Wang et al., 2016a).
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In general, there are a number of conditions that must be fulfilled before DLLME may be used to
extract desired analytes from a given water sample. In the aqueous phase, the dispersing solvent
must be completely soluble. For this, acetone, acetonitrile, and methanol are typically utilized. On
the other hand, there are a number of requirements that the recommended extracting solvent must
adhere to. In order to facilitate phase separation, it must have the ability to extract analytes, be
highly soluble in the dispersing solvent while having a very low solubility in water, preferably
have good chromatographic behavior and have a density that is significantly different from that of
water. In order to achieve a high extraction efficiency, it is crucial to choose the right extracting
and dispersion solvents. The extraction and disperser solvents are rapidly injected into the aqueous
sample to produce the cloudy solution, which is critical component of trace enrichment principle
in DLLME. Extraction equilibrium is quickly maintained because there are strong surface contacts
between the droplets of the extraction solvent and the aqueous sample solution (Bekele & Megersa,
2023b; Jain et al., 2021). Furthermore, as a microextraction technique, DLLME provides features
such as ease of use, fast, cost-effectiveness, high recovery, and the use of inexpensive, widely

accessible laboratory supplies (Huang et al., 2020).

The characteristics of the emulsion interface, surface electrical charge, and VVan der Waals forces
all affect how stable the small extraction droplets are in the dispersed solution. The effectiveness
of demulsification can be significantly influenced by variables like agitation speed, temperature,
bulk viscosity, and the presence of contaminants (Ramos et al., 2020). After centrifugation, the
extraction solvent is often collected with a microsyringe for chromatographic analysis after
sedimenting at the bottom or top of the tube depending on whether the extractants density is higher
or lower than that of water. DLLME features include rapidity, ease of application, low cost, high
recovery, utilization of cost-effective readily available laboratory equipment, and environmental
friendliness (Bernardi et al., 2022). The ratio between analyte concentrations in the organic phase
and the sample is known as the preconcentration or enrichment factor (EF). EF is defined as
concentration ratio of an analyte in the extraction phase to that in the initial aqueous solution under
certain set of circumstances. Calculation of enrichment factor is performed during the DLLME
sample preparation process, based on the measured values, equations 1 (Ali et al., 2021; Monireh
etal., 2016).
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_ Corg
EF = e (D

where, Corgand Cag are the concentration of analyte in the organic phase and aqueous sample,

respectively.

Extraction recovery of the analyte (R) is the percentage of the extracted analyte in the organic
phase that can be calculated using equation 2; where naq is the amount of analyte in the aqueous
sample prior to extraction (with volume as Vaq), and norg is the amount of analyte in organic phase
(with volume as Vorg) (BU et al., 2020; Farajzadeh et al., 2019).

R = Norg XlOO — Mxloo = EFXY]OI‘g X100 (2)

Naq aqVaq aq

The relative recovery (RR%), which is defined as the ratios of the peak areas of the spiked real
water extracts to the peak areas of spiked ultra-pure water extract at the same concentration level
which is usually expressed in a percent (Ali et al., 2021), is given by the following relation equation
3.

Peak areas of spiked real water extracts

RR% =

100 3)

Peak areas of spiked ultra pure water extracts

To study the matrix effect of any type of sample on the accuracy of new developed methods,
percent relative recovery can also be calculated using added found (standard addition) method

(Jouyban et al., 2020) as given on equation 4.

C —C
RRY% = fougd real (4)
added

where Cround, Creal, and Cadded are concentration of spiked real sample extract, concentration of

unspiked real sample extract and initial concentration spiked (added) respectively.

LOD and LOQ are considered as the analyte minimum concentrations which can be identified and
quantified by the method, respectively. The values of LOD and LOQ are very important analytical
figure of merit parameters to measure sensitivity of developed methods, including DLLME.
Theoretical values estimate of LOD and LOQ can be obtained by using following equations
(Bekele & Megersa, 2023a; Zhang et al., 2014a):

33



LoD = 32 5
== )

LOQ = — (6)

where, (o) is standard deviation of the blank sample analysis and (m) is the slope of calibration

curve.

The signal-to-noise ratio can also be used for assessing LOD and LOQ. This method is limited to
methods of analysis that display baseline noise. By comparing noticed signals from samples with
known low analyte concentrations with those of blank for LOD and LOQ at concentrations that
give three and ten times the signal to noise ratio, respectively, one can figure out these analytical
values ( Castifieira-Landeira et al., 2023; Tian et al., 2017)

The types and volumes of the extraction and disperser solvent, the pH of the solution, the ionic
strength, and extraction time are the main parameters in DLLME that might affect the extraction
efficiency and need to be optimized. Since its introduction, the method has commonly been often
employed to extract trace level of pesticides, typically from samples of water (Beshana et al., 2022;
Cheng et al., 2010; Ramos et al., 2020; Wang et al., 2016a), foods (Carbonell-rozas et al., 2020;
Li et al., 2021; Tian et al., 2017), and especially from juices and vegetables (Farajzadeh et al.,
2021; Tursen et al., 2021).

3.2.3.1. High density organic solvent based dispersive liquid-liquid microextraction

In high density solvent based DLLME the extraction solvents used are denser than water such as
chlorobenzene, carbon tetrachloride, chloroform, tetrachloroethylene, dichloromethane and others
(Carbonell-rozas et al., 2020). Dispersive solvents most commonly used are acetone, methanol and
acetonitrile can be used as disperser of extraction solvent in sample solution (Wang et al., 2016b).
In this technique certain volume of sample solution is placed in a screw cap glass test tube with
conical bottom, followed by rapid injection of dispersive solvent containing extraction solvent into
the sample solution with a syringe or pipette. Then, the mixture is vortexed, and then a cloudy
solution (water/disperser solvent/extraction solvent) is formed in the test tube (Ali et al., 2021).
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After that, the surface area between the extraction solvent and aqueous phase (sample) is infinitely
large, thereby, transfer of analyte from aqueous phase to organic phase is fast. Subsequently,
equilibrium state is achieved quickly, realized in a very short extraction time, which is the
remarkable advantage of DLLME compared with those of other techniques. Finally, the dispersed
fine particles of extraction phase are sedimented at the bottom of conical test tube through
centrifugation and certain volume of the sedimented phase is injected into chromatographic system
using microsyringe for further analysis (Fig. 5). High density solvent based DLLME has been
employed for extraction of various types of pesticide compounds from environmental waters as

well as other matrices such as foods (Table 2).
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Figure 5. Schematic diagram of high density solvent based DLLME procedure (Rezaee et al.,
2006).
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Table 2. High density solvent based DLLME for extraction and determination of pesticides in

water and food samples.

Method Extraction solvent | Extraction solvent LOD Recovery RSD Ref.
volume (uL) (hg L) (%) (%)

DLLME Chlorobenzene 60 0.2-0.3 85-104 | 3.3-6.5 | (Wuetal., 2010)

DLLME Chloroform 800 2-9 72-110 1-9.8 (Gure et al., 2013)

DLLME Carbon tetrachloride 60 0.2-2 62-108 21-6.4 | (Zhang et al,
2014b)

MDSPE-DLLME | Trichloroethane 35 0.15-0.36 | 87-101 2-6 (Ali & Mohebbi,
2018)

DLLME Chloroform 100 0.0014- 71-93 5-11 (Wang et al,

0.008 2016b)

SE-VA-DLLME? | Dichloromethane 200 0.38-0.83 93-99 3.8-7.1 | (Tursenetal., 2021)

DLLME Chloroform 40 0.005-0.02 80-114 0.7-8.7 | (Tolcha & Megersa,
2018)

DLLME Dibromoethane 55 0.05-0.08 87-116 2.2-7.1 | (Alietal., 2021)

VA-DLLME Chloroform 250 0.7-0.8 95-119 5.1-9.8 | (Muckoya et al.,
2020)

DLLME Dichloromethane 2000 3.1-6.6 80-99 0.6-6.3 | (Carbonell-rozas et
al., 2020)

VA-DLLME Chlorobenzene 310 1.2-25 83-92 2.6-56 | (Wang et al,
2018a)

DLLME Dichloromethane 300 0.2-7.8 81-120 3.4-7.5 | (Bodur et al., 2020)

DLLME Acetonitrile 50 0.9-5 86-112 0.9-4.2 | (Nishaetal., 2021)

SE-VA-DLLME? Surfactant-emulsified vortex-assisted DLLME method

3.2.3.2. Low density organic solvent based solvent demulsification dispersive liquid-liquid
microextraction

Lower density organic solvents such as 1-octanol, toluene, n-hexane, and cyclohexane are

employed as extraction solvents, whereas acetone, methanol, and acetonitrile can be used as

dispersants (Pirsaheb et al., 2015). With the exception of the type of organic solvent and the

organic phase floating on the surface of an aqueous sample, this technique's basic principles are

the same as those of high-density organic solvent-based DLLME. A microsyringe is used to

remove the organic layer for further chromatographic analysis. Many researchers have recently

tried to use low toxicity solvents in DLLME that have densities lower than water (Yan et al.,

2016). However, these solvents are difficult to collect, as meniscus formed at the top of a conical

tube is very difficult to withdraw (Bernardi et al., 2022). Different approaches have been proposed
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to solve this problem, including solvent terminated DLLME (ST- DLLME) (Bernardi et al., 2022;
Guo & Lee, 2012; Tolcha et al., 2013; Yan et al., 2016). Instead of centrifugation, demulsification
is taken to separate the organic and aqueous phases after extraction. A certain amount of organic
solvent was added as demulsifier to change the interfacial adhesion between the organic and
aqueous phases, surface tension and Van der Waal’s forces, then the emulsion system was found

to be broken and extraction solvent droplets will be collected.

Utilizing alcohols such as 1-octanol, 1-dodecanol, and undecanol as extractor solvents is one of
the most important advantages of ST-DLLME. In general, alcohols are less hazardous than the
chlorinated solvents that are frequently employed in DLLME. Along with attempting to apply the
fundamental components of green analysis, another significant benefit is the decrease in extraction
time and energy consumption due to the elimination of the centrifugation step, use in field

processing, and automated analysis (Yan et al., 2016).

3.2.3.3. Low density solvent based dispersive liquid-liquid microextraction surface floating

organic droplet

Different modes of DLLME for preconcentration of multiple pesticide residues in a variety of food
matrices such as vegetables and fruit juices have become widely used in recent years as a result of
the replacement of traditional sample preparation techniques with DLLME (Bernardi et al., 2022;
Heidari et al., 2020; Wang et al., 2018a; Wang et al., 2017; Wang et al., 2016a). Although
conventional DLLME, which commonly uses chlorinated solvents, has many advantages including
ease of use, speed, affordability, high recoveries, and a high enrichment factor (Rai et al., 2016),
the widespread use of halogenated solvents as extraction solvents has been constrained by their
toxicity, which is also linked to human cancers. As a result, usage of chlorinated solvents has been
outlawed globally and gradually been replaced with more environmentally friendly solvents that
are lighter in density than water to address these shortcomings (Ago et al., 2023). DLLME-SFOD
is a recently proposed method used for the speciation and preconcentration of trace amounts of
analytes (Pirsaheb et al., 2017). Moreover, in DLLME-SFOD technique, collection of extraction
solvent seems to be interesting and easy task for the extraction of multiresidue compounds as the

dispersed fine particles of extraction phase droplets are floats on surface of samples in extraction
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vessels after centrifugation as illustrated in Schematic diagram Fig. 6, which show extraction
procedures that were followed for enrichment of multiclass pesticide residues from different fruit
juice samples utilizing DLLME-SFOD analytical method (Bekele & Megersa, 2023b). After its
development, numerous research works have been reported (Table 3) and the performance of
DLLME-SFOD was illustrated by extraction of different pesticides in environmental water and
different food samples (Chen et al., 2020; Jouyban et al., 2020; Pirsaheb et al., 2017; Ramos et al.,
2020). This method has been regarded as a powerful, sensitive, high performance, environment

friendly, rapid and cost-effective liquid-phase micro extraction method.
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Figure 6. Schematic diagram of low density solvent based DLLME-SFOD procedure
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Table 3. Low density solvent based DLLME surface floating organic droplet for the extraction

and determination of pesticides in water and food samples.

Method Extraction Extraction LOD Recovery | RSD (%) Ref.
solvent solvent volume (ng LY (%)
(nL)
VA-DLLME? 1-Undecanol 300 1.5-3 58-66 4451 (Sharafi et al., 2015)
DLLME-SFO Hexadecane 30 0.08-0.44 90-108 2-5.8 (Gao et al., 2018)
DES-SFO-DLLME" | DES 63 1.3-3.9 74-89 3.8-6.9 | (Jouyban et al., 2020)
SDLLME-SFQO¢ 1-Undecanol 30 1-2 58-67 4.3-6.8 | (Pirsaheb et al., 2015)
VA-DLLME 1-Dodecanol 200 5.6-17.4 77-99 1.3-9.8 | (Chen etal., 2020)
UA-DLLME-SFO 1-Undecanol 150 2-8 68-88 4.5-9 (Monireh et al., 2016)
DLLME-SFO Hexadecane 180 60-300 91-109 1-10 (Ramos et al., 2020)
DES-UALLME DES 408 0.07- 0.10 87-117 5.1-7.8 (Heidari et al., 2020)
SD-DLLME 1-Dodecanol 15 0.24-0.81 79-105 1.2-6 (Yanetal., 2016)
DLLME-SFOD Nonanoic acid 82 2.7-4.9 84-93 2.3-8.6 (Huang et al., 2020)
DLLME Hexane 47 0.17-0.41 79-97 2.2-10.5 | (Beshanaetal., 2022)
EPA-DLLME® Toluene 125 0.03-0.24 76-116 0.33-5.52 | (Agoetal., 2023)
DLLME-SFOD Toluene 100 0.02-0.05 87-99 1.8-10.8 | (Bekele & Megersa,
2023b)
SD-DLLME® Octanol 100 0.03-0.06 70-117 3-20 (Bernardi et al., 2022)

VA-DLLME? Vortex-assisted DLLME; DES-SFO-DLLMEP": Deep eutectic solvent-based surface floating
organic DLLME; SDLLME-SFQO¢: Sonication DLLME based on the SFOD; EPA-DLLME?Y: Effervescent powder

assisted floating organic solvent-based DLLME; SD-DLLME®: Solvent-based demulsification DLLME.

3.2.4. Salting out assisted liquid—liquid extraction

Homogeneous liquid-liquid microextraction (HLLME) has also been used to extract target

analytes by achieving complete miscibility of the two phases (water-miscible extraction solvent

and aqueous sample solution). In HLLME technique, phase separation can be based on salting-out

phenomenon (with addition of a salt), temperature, pH, or ion-pair formation (Farajzadeh et al.,
2018; Sherin et al., 2022). Among various HLLME techniques, SALLE came into practice to

initiate the separation between the low volume organic solvent and aqueous sample mixture at

high salt concentrations as illustrated in Fig.7. In this extraction technology, the salt addition is the

main operation for achieving the increased extraction of the target analytes in the aqueous sample

because it can increase ionic strength of the solution and decrease the solubility of weak
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electrolytes in water by the salting out effect. It is comparatively a novel procedure that uses salt
for phase separation and a water miscible organic solvent as an extraction solvent (Mayara et al.,
2020). Relative to LLE, it does not require prolonged mechanical shaking and vacuum distillation
to obtain good extraction efficiency and high enrichment factors as the two phases exist in a
miscible state. Solvents used are much more environmental-friendly, and also lower quantities are

needed for the extraction procedure.

The most popular methods, DLLME, are limited to the use of nonpolar, water immiscible solvents
with low dielectric constants and poor extraction efficiency of polar organic and inorganic
compounds (Heydari et al., 2017; Tighrine et al., 2019). However, SALLE is an efficient extraction
method for polar to moderately polar organic compounds, was made feasible by using more polar
and water miscible organic extraction solvents like acetonitrile, isopropanol, acetone, ethanol,
methanol, among others (Chirfa et al., 2020; Pasupuleti et al., 2020; Sherin et al., 2022; Bekele et
al., 2023). Three factors mainly considered when selecting a salt for the salting-out process. These
including the solubility of the salt in the organic solvent should be negligible; the solubility of the
salt in the water should be high in order to maximize the interaction with water molecules and the
salting out capacity should follow the hofmeister Series. Hofmeister series is the empirical order
of ions based on their ability to precipitate hydrophilic substances; i.e., Mg?* > Ca®" > Sr?* > Ba?*
> Li* > Na* > K* > Rb* > Cs" for cations and citrate > tartrate > SO4%> > C2H30? > C1"> NOz >
ClOs > I"> SCN' for cations (Salis & Ninham, 2014).

Generally, SALLE is a simple and powerful preconcentration method that reduces the extraction
time, cost, solvent consumption and exposure to the organic solvent in comparison to other
traditional LLE sample preparation techniques. The SALLE method produce extracts with solutes
in organic solvent that may be evaporated and reconstituted with appropriate solvent for
preconcentration and analysis by HPLC or GC (Akram et al., 2017; Lucas et al., 2021a). On the
other hand, in the SALLE methods extraction solvents are compatible with the majority of
analytical instruments, particularly chromatographic ones, making it possible to directly inject the
extract into these methods of analysis (Lakew et al., 2022; Niu et al., 2017). SALLE has been used
successfully to analyze pesticides in foods (Akram et al., 2017; Farajzadeh et al., 2018;

Rashidipour et al., 2018), biological matrices (Niu et al., 2017), and environmental waters
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(Alemayehu et al., 2017; Gure et al., 2014b; Wen et al., 2013). Researchers put a lot of work into

making the method automated and high throughput during development step to reduce processing

time and chemicals required (Mohd et al., 2018; Novakova & VIckova, 2009). Though various

pretreatment technologies have been developed, the method of SALLE has still been widely used,

since it integrates sample clean-up, preconcentration and extraction in a single step and shares the

advantages of the sample pretreatment technique gained from QUEChERS (Du et al., 2014;

Pasupuleti et al., 2020). Some application SALLE and its efficiency validations for extraction of

pesticides and their determination in water and food samples are indicted in Table 4.

Table 4. Salting out liquid-liquid extraction of pesticides and their determination in water and food

samples.
Matrix Extraction solvent Salt type and LOD Recove RSD Ref.
and volume (mL) amount (g) (Mg LY | ry (%) (%)
Water and fruit juice | Acetonitrile, 1 NH4)2SO4, 1.60 0.4-13 72-115 | 0.3-13 | (Gureetal., 2014b)
Water Acetonitrile, 1.5 NaCl, 1.4 2-2.8 76-107 | 0.67-10 | (Alemayehu et al., 2017)
Water Acetonitrile, 1 NaCl, 1.4 0.02-0.19 | 63-115 | 0.3-9.8 | (Tejuetal., 2017)
Saline water Acetonitrile, 2 NaCl, 0.6 1.5-61 74-110 | 1.8-9.8 | (Niuetal., 2017)
Fruit juices Isopropanol, 0.2 NazSQy , 2 0.22-0.5 | 86-96 2-7 (Farajzadeh et al., 2018)
Water and vegetables | Acetonitrile, 2.5 NaCl, 3.5 20 80-96 3.5-7.5 | (Rashidipour et al., 2018)
Honey Acetonitrile, 1 Acetate buffer, 0.3 | 0.25ng/g | 98-104 | 5.3-13.7 | (Giroud et al., 2019)
Water and edible Acetonitrile, 2 NaCl, 2.9 0.3 82-95 <6.5 (Rouhollah & Rezvan,
seeds 2021)
Fruit and vegetables | Acetonitrile, 4.8 NaCl/Na,SO4, 1, 30 78-92 1.1-4.9 | (Akrametal., 2017)
in the ratio of 0.87
Water Acetonitrile, 6 NaCl, 6.4 0.34-5.0 87-95 2-7 (Farajzadeh et al., 2015)
Cow milk Acetonitrile, 1 MgSO., 2 0.58-2.6 | 86-109 | 1.97-8.0 | (Bekele et al., 2023)
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Figure 7. Schematic diagram of the SALLE procedure.
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3.3. Separation and analysis of pesticide residues in this study
It is important to monitor pesticide concentrations utilizing sensitive techniques for parts per
million (ppm) or parts per billion (ppb) levels. Identification and quantification of hundreds of
pesticides with substantially different physicochemical properties in widely different types of
matrices are of paramount importance because the major task of analytical discipline is to provide
precise and affordable methods for the analysis of pollutant residues in both the environmental and

food matrices.

There has been a clear shift from the use of persistent insecticides such as organochlorine
compounds to more polar and readily degradable pesticides such as organophosphorus pesticides
and organonitrogen pesticides, which are universally applied because of their ready availability,
wide range of efficacy, and being less stable in the environment than organochlorine compounds
( Nisha et al., 2021; Maciej et al., 2010). The widespread use of herbicides, including triazines,
chlorophenoxy acids, phenylureas, and more recently, sulfonylureas, is another significant trend.
The majority of these pesticides are low volatile, polar, and/or thermos labile substances that
require derivatization in order to be directly amenable to GC. Most of very polar pesticides can be
efficiently separated with reversed phase liquid chromatography (RPLC) without a preceding
laborious derivatization step. Hence, since the introduction of RPLC equipped with a
suitable/robust ultra violet (UV) (Rawat et al., 2023; Rejczak & Tuzimski, 2017; Wang et al.,
2019a; Zeiadi et al., 2020) or fluorescence detector (Tejada-casado et al., 2018) was used in the
field of pesticide residue analysis, which occurred around 1980s LC became rapidly adopted as a
viable technique complementary to GC for the determination of various classes of polar pesticides.
The wide application range, long-term stability, ease of use, low cost and improved selectivity of

DAD makes the UV detection mode most widely used in residue analysis.

The recent introduction into the market of robust LC—-MS instruments provides a new way for
analyzing polar pesticides more efficiently. It is ideal to render a highly accurate and reliable
determination that encompasses both qualitative and quantitative estimation of pesticide residues.
LC-MS/MS is the preferred technique for the vast majority of pesticides because of the polar
nature of the majority of pesticides currently in use, and especially of their metabolites (Giroud et
al., 2019; Grimalt & Dehouck, 2016; Lachat & Glauser, 2018). These instrumentation will
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encounter difficulties because of the complex nature of sample pretreatments, the requirement for
highly trained professionals, and the expensive cost of equipment. In comparison, rapid pesticide
analysis techniques, such as immunoassays, spectroscopic analysis, and electrochemical
techniques, result in pesticide detection approaches that are relatively straightforward and
extremely sensitive, even if the accuracy and precision of these rapid methods are not as good as
those of chromatography instrumental procedures (Campanale et al., 2021).

Thus, in the area of polar to moderately polar pesticide residues analysis, there is a high demand
and remarkable developments in extending the applicability of RPLC coupled with DAD for
simple, cost effective and efficient analytical techniques for the fast and accurate determination of
such target analytes in different matrices. Therefore, in the present research work, HPLC-DAD
was utilaized for quantitative determination of selected pesticide residues in environmental water

and food samples.

4. APPLICATIONS IN THIS THESIS

Microextraction methods are promising scientific solution for trace level pesticide residues enrichment
and extraction from environmental water and food samples matrix, since such methods are simple,
sensitive, selective and environmentally friendly techniques. In this research work, SA-GO-DSPE,
DLLME-SFOD, SALLE, and HD-DLLME were developed, optimized and validated for sensitive and
selective analysis of trace level pesticide pollutants utilizing HPLC-DAD as a reliable alternative in
regular laboratory for determinations of selected s-triazine pesticides and SUHSs in environmental
water samples; and multiclass pesticides in fruit juice and cow milk samples were applied in this

thesis as presented in the following papers.

Paper 1. Green analytical method based on salt assisted graphene oxide dispersive solid phase
extraction of symmetrical triazine herbicides in environmental water samples for liquid

chromatographic determination.

Paper 2. Fast surface floating organic droplets based dispersive liquid—liquid microextraction for
trace enrichment of multiclass pesticide residues from different fruit juice samples followed by

high performance liquid chromatography—diode array detection analysis.
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Paper 3. A Highly selective analytical method based on salt assisted liquid-liquid extraction
for trace level enrichment of multiclass pesticide residues in cow milk for quantitative

liquid chromatographic analysis.

Paper 4. Development of simple and cost effective dispersive liquid—liquid microextraction
analytical method for extraction and preconcentration of multiresidue herbicides in environmental

water samples.
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ABSTRACT ARTICLE HISTORY
Graphene oxide (GO) was used as sorbent in dispersive solid phase Received 16 October 2022
extraction (DSPE) to enrich and extract some triazine herbicides Accepted 15 December 2022
from environmental water samples. It can form dispersed colloids KEYWORDS

in aqueous phase and provides rich functional groups for the for- Trace enrichment; triazine
mation of hydrogen bonding or n-m electrostatic interaction with herbicides; environmental
benzene ring organic compounds containing oxygen and nitrogen water; salt assisted graphene
functional groups. GO was synthesised by modified Hummers oxide; green analytical
method and characterised with Fourier transform infrared (FT-IR) method

spectroscopy. As complete collection of GO after adsorption pro-

cess is difficult task, in this established salt-assisted (SA)-GO-DSPE

method, it was found to be aggregated and centrifuged in the

presence of NaCl. The optimum value for main parameters that

influenced extraction efficiency were investigated. Under the opti-

mised conditions, low limits of detection (LODs) (0.12-0.80 ng mL

1), limits of quantification (LOQ) (0.4-2.68 ng mL '), and good

extraction recoveries (69.06-95.53%) were obtained for simulta-

neous extraction of simazine (SIZ), atrazine (ATZ), propazine (PRZ))

and prometryn (PRN). The relative standard deviations (RSD) of

intraday (n =6) and interday (n=9) precisions were 2.54 to 5.84%

and 4.38 to 8.56%, respectively. At the end, the applicability of the

method was evaluated and target analytes were not detected in

real samples. The proposed method is environment friendly and

promising for trace analysis of pesticides including the target her-

bicides in environmental water samples.

1. Introduction

Pesticides are used as one of the most preferred choices of agriculture and health sectors
because of their rapid actions on eradicating disease causing organisms, weeds, control
insects, and other pests. Among these chemicals, triazine herbicides are frequently used
agrichemicals around the world because of their properties of inhibiting photosynthetic
reactions to help control the growth of grasses and broadleaf weeds [1,2]. However, the
use of triazines has effects on the treated plants itself and the environmental compart-
ments, such as environmental water and soil. Thus, the exposure to these compounds and
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their degradation products have potential acute health risks on humans such as eye
irritation, dermal problems, headache, and nausea as well as chronic health effects
including birth defect, cancer, the disruption of endocrine system and interruption of
hormone functions [3]. To overcome the risks from these trace level residues in the
environment, legislative authorities including the United States Environmental
Protection Agency (US EPA) and the European Union (EU) have set the maximum residue
limits (MRLs) of triazine herbicides in drinking water, and accordingly 0.5 pg L™' for the
total amount of triazines and 0.1 pug L™' for individual triazine compounds [4]. As a result
of these restrictions, there is a great demand for development of selective, simple, low
cost, and environmental friendly ‘green’ sample preparation methods that can simulta-
neously preconcentrate and extract trace levels of the target analytes in water samples.

A wide variety of conventional, novel microextraction and miniaturised extraction
techniques, such as solid phase extraction (SPE) [3], solid phase micro extraction (SPME)
[5], supported liquid membrane extraction (SLME) [6], cloud point extraction (CPE) [7],
dispersive liquid-liquid microextraction (DLLME) [8], liquid-liquid extraction (LLE) [9] and
magnetic solid phase extraction (MSPE) [10], were employed for the extraction of triazine
herbicide residues in food and environmental water samples. However, some of these
sample preparation methods require expensive equipment’s [5], are time consuming
[11,12], use costly organic solvent, and requiring large sample volumes [9]. SPE is one of
the most widely applied pretreatment techniques because of its high recovery, reprodu-
cibility, and simple operation [13]. In the SPE procedure, adsorbents play an important
roles in achieving high analyte extraction efficiency, as the extraction takes place by the
adsorption of the target compound on the surface of adsorbents [14]. So the exploration
for a simple, cost effective and efficient adsorption capacity sorbent for SPE is mandatory
in order to obtain a satisfactory recovery.

Graphene is a chemical substance (carbon nano-material) that contains a single-atom
thick sheet of honeycomb-shaped carbon lattice, possessing a high specific surface area,
which makes it extremely good adsorption ability and becoming one of a successful
adsorbent of organic compounds [12,15,16]. A unique advantage of graphene over other
carbon-based nanomaterials is because of the upper and lower sides of its planes which
are accessible for adsorption [17]. However, pure graphene sheets tend to form unreco-
verable agglomerates or restore to form graphite through Van der Waals interactions and
ni-stacking if the sheets are not detached from each other. Therefore, chemical modifica-
tion of graphene is the most reliable means to synthesise graphene oxide (GO) which is
also important in the preparation of other graphene based sorbent materials [18]. GO
appears to be an ultimate sorbent in SPE because of as much quantities of oxygen atoms
on its surface obtainable from hydroxyl, epoxy, and carboxyl groups. Because of these
functional groups on it, GO have good affinity towards organic compounds containing
benzene ring, oxygen and nitrogen functional groups through the formation of a m-m
electrostatic interaction, hydrogen bonding and strong n-m stacking interaction [13,19,20]

Nowadays, graphene-based materials have been used as adsorbents for the extraction
and preconcentration of pesticides such as carbamate [21,22], organophosphorus [23,24],
organochlorine [20], triazine [12,16] and neonicotinoid [10]. Most of the cited literature
and others use magnetised graphene-based nano materials and composite of GO.
However, the synthesis of magnetised graphene-based nanomaterial adsorbents is costly
and time consuming, and there have been issues when these composites have been
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utilised as adsorbents. The adsorption capacity decreases as the amount of Fes0,
increases because too many magnetic nanoparticles may cover the graphene sheets,
necessitating the laborious and time-consuming process of optimising the amount of Fe;
0O, nanoparticles [12]. The interaction of Fe;04 nanoparticles and GO layer is only by
electrostatic or physical adsorption which may be the reason for its leaching out from the
GO sheets [25]. Hence, it is necessary to develop a cost effective, efficient, simple and
time-saving pattern of SPE procedure using GO adsorbent for enrichment of trace level
pesticides in environmental water samples.

Dispersive solid phase extraction (DSPE) is a relatively simple and fast sample prepara-
tion technique, which was developed by the United States Department of Agriculture
[26]. DSPE could avoid complex process conditioning and washing, and back pressure
problem often encountered in common SPE. GO have been used as the adsorption
materials for DSPE. GO nanosheets are negatively charged in pH range 2-10 [27], which
is consistent with the expected result that the ionisation of functional groups exist on its
surface. These highly negative charges at this pH range resulted in well-dispersed GO
through the strong electrostatic repulsion in water samples; but leads to difficult in
collection after we use it as sorbent in DSPE. Also due to the low density of pristine GO,
it is tedious work for separation in centrifugation and the high pressure in filtration.
Therefore, NaCl was used to neutralise the excessive negative charges and decrease the
electrostatic repulsion to carry out the purpose of GO aggregation [28].

As a new mode of SPE, salt-assisted (SA)-GO-DSPE is performed with the assistance of
adding Nadl salt for the purpose of GO aggregation. This mode was used for efficient
extraction of triphenylmethane dyes (Malachite green and crystal violet) [28] and heavy
metals (Pb, Cd, Bi, and Sb) [27] from environmental water samples and satisfactory results
were obtained. To the best of our knowledge, this is the first time to use SA-GO-DSPE
method coupled with HPLC-DAD for simultaneous enrichment, extraction and analysis of
symmetrical triazines (s-triazines) such as simazine (SIZ), atrazine (ATZ), propazine (PRZ)
and prometryn (PRN) herbicides from environmental water samples. Therefore, the pur-
pose of the present work was to develop a sensitive, simple, cost effective and envir-
onmentally friendly analytical method based on SA-GO-DSPE coupled with HPLC-DAD for
simultaneous extraction and analysis of four target analytes of triazine pesticides that are
extensively used in agricultural farms. The developed method was then applied for tap
water, spring water, river water and underground water samples.

2. Experimental
2.1. Chemicals and reagents

The target pesticide standards; viz., three chloro-s-triaines including atrazine (ATZ), sima-
zine (S1Z), and propazine (PRZ), and one methylthio-s-triazine, i.e. prometryn (PRN) were
purchased from Dr. Ehrenstorfer GmbH (Augsburg, Germany). Relevant physicochemical
properties and chemical structure of the standards are provided in Table 1. Acetonitrile
(ACN), used as mobile phase was of HPLC grade, and acetone were purchased from Sigma
Aldrich (Steinheim, Germany). Methanol (MeOH) was received from Carlo Erba (Rodano,
Italy). Chloroform was the product of Sigma Aldrich (Seelze, Germany). All other chemi-
cals, used in this study, were of analytical grade reagents. The NaCl salts used as
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Table 1. Physicochemical properties of target analytes of the s-triazine pesticides [6].
S.No Name Structure Solubility, mg L™ (22°0) pKa log Kow
1 Simazine(SIZ) cl 5 1.65 2.0

2 Atrazine (ATZ) cl 33 1.7 2.7

3 Propazine (PRZ) j'\ 8.6 1.7 3.95
=

4 Prometryn (PRN) ~s 48 4.1 341

agglomeration of graphene oxide (GO) sorbent was received from Sigma Aldrich
(Steinheim, Germany). Sodium hydroxide (NaOH; >99% purity) was the product of
Merck Chemicals (Darmstadt, Germany) and used during solution pH adjustment. The
graphite powder used for preparation of GO was obtained from Samchun Pure Chemical
Co., Ltd. (Pyeongtaek, Korea). Sulfuric acid (H,504; >95% purity), sodium nitrate (NaNOs),
potassium permanganate (KMnO,), hydrogen peroxide (H,0,), and hydrochloric acid
(HCl) were all of the analytical grade reagents and purchased from Sigma Aldrich
(St. Louis, MO, USA). Ultrapure water was obtained by purifying with double distiller,
A 8000 Aquatron water Still (Bibby Scientific, Staffordshire, UK) and deioniser (EASYPure
LF, Dubuque). It was filtered under vacuum through cellulose acetate filter papers (0.45
pm, Micro Science) before use. The stock standard solution of each target analyte with
concentration of 100 ug/mL was prepared by weighing appropriate amount and dissol-
ving it in methanol. Intermediate standard solutions of 10 ug/mL was obtained by diluting
from the stock solution with methanol. Other working solutions of lower concentrtions
were prepared from the intermediate solution, by diluting with methanol.

2.2. Instruments and equipment

Chromatographic analyses were performed using Agilent Technologies 1200 infinity series
HPLC, equipped with quaternary pump, vacuum degasser, auto sampler and UV/Vis detector
all purchased from Agilent Technologies (Waldbronn, Germany). Chromatographic separation
was carried out on a ZORBAX ODS-C;g analytical column (150 X 3 mm i.d., 3.5 pm particle size)
obtained from Agilent Technologies. Data acquisition and processing were accomplished with
LC Chemstation software, (B.02, 01-R1). An ultrasonic heater, Dacon R, Dacon Laboratories Ltd
(St. Hove, East Sussex), centrifuge, Model 800 (China, Beijing), 15 mL centrifuge tube, corning
incorporated, (Corning, NY, Mexico) and XW-80A Vortex (Shanghai Jing Industrial Co., Ltd)
were used during sample preparation. A pH metre, Adwa, model 1020 (Romania, Europe) was
used for pH measurement. Identification of the various functional groups in prepared sorbent
was performed using Spectrum 65 Fourier transform infrared (65 FT-IR) spectrometer.
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2.3. Chromatographic conditions

Chromatographic separations were carried out following the isocratic mode of elution
containing 35% ultrapure water (solvent A) and 65% ACN (solvent B), and was utilised
throughout the analysis. Prior to the sample extract injection, the HPLC column was
washed and conditioned with the mobile phase for 10 min. Analysis was performed at
the flow rate of 1 mL min ~', a column temperature of 35°C, and 20 pL injection volume.
For quantification of the target analytes the detector was adjusted at 235 nm wavelength
and then separation was achieved in 5 min run time followed by 1 min post run time. After
sample injection, peak areas obtained were used for quantitative analyses.

2.4. Preparation of graphene oxide

The preparation of GO was carried out following a modified Hummer's method [29,30]. In
a typical synthesis, 98 mL H,SO, (95%) was added into a 600 mL beaker, and then cooled by
immersion in an ice bath followed by stirring for 30 min. Then, 2.0 g graphite powderand 2.5 g
NaNOs; were added under vigorous stirring for 1 h. Then after, 12 g KMnO, was added
gradually under stirring and the temperature of the mixture was kept to be below 10°C by
cooling in ice bath and then the mixture was stirred at room temperature overnight. As the
reaction proceeded, the mixture gradually became pasty and the colour turned into light
brownish. To light brownish mixture 100 mL of H,O was slowly added with vigorous agitation
in an ice bath to keep the temperature below 80°C and then the diluted suspension was
stirred at 98°C for 12 h. Then after, 45 mL of 30% H,0, was added into the mixture to eliminate
the excess MnO,— and terminate the reaction. Finally, the mixture was centrifuged and the
precipitate was washed with 5% HCl to remove traces of metal ions, followed by washing with
double distilled water until the pH was 7. Finally, the GO obtained was kept drying overnight,
at 80°C under vacuum.

2.5. Water samples

Various types of environmental water samples such as tap water, spring water, under-
ground water, and river water were collected from Hambiso areas of the Degem district in
North Shewa Zone, Oromia Regional State, Ethiopia. Geographical locations of the sam-
pling sites are around 9°36'8" N longitude and 38°19'30“E latitude at an elevation of 2,
9994 metres above sea level. Before analysis, each water sample was filtered through 0.45
pm micropore membrane filter and then stored in a polyvinyl chloride bottles, in
a refrigerator, for a maximum of 24 h at 4°C without any further sample pretreatment.

2.6. The SA-GO-DSPE procedure

The SA-GO-DSPE procedure was carried out as follows: firstly, 1 mg of GO was added into 15
mL polyethylene tubes that contains 10 mL standard sample solutions at pH 5.0 and sonicated
for 3 min; which was dispersion and extraction time. To this solution, 29 mg NaCl was added
and GO was quickly aggregated and gradually deposited onto the bottom of the tubes. Then,
complete phase separation was observed by centrifuging for 10 min at 4000 rpm. The
supernatant was discarded, and the target analytes attached onto the GO nano-sheets were
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eluted with 0.5 mL acetone after sonicated for 5 min. Subsequently, the eluate was collected,
filtered through 0.45 pm micropore membrane filter and evaporated to dryness at 35°C. The
resulting residues were then re-dissolved in 300 pL mixture of acetonitrile-water (5:1 v/v). For
final analysis, 20 pL the resulting solution was injected into the HPLC and determination of the
target analytes were achieved.

3. Results and discussion
3.1. Characterisation of GO

FT-IR spectrum of the GO (Figure 1) indicates that there are different oxygen containing
functional groups on its surface. The characteristic bands associated to the
C — O stretching vibration of epoxide were observed at 1053 cm™'. The band around
1728 cm™' corresponding to C = O stretching of carbonyl and carboxyl groups. The
characteristic band deputed around 1617cm™' can be assigned to aromatic
C = C stretches from unoxidised graphitic class. A broad characteristic band located
around 3410 cm™' may belong to the O — H stretching vibrations of the C — OH groups
and that of water. In addition, the peaks due to the asymmetric CH, stretching of GO were
appearing around 2924 cm™'. These results are in agreement with works reported in the
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Figure 1. FT-IR spectrum of graphite and graphene oxide.
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literatures [15,31]. The results of FT-IR spectrum of GO confirmed the successful chemical
oxidation of the graphite during the oxidation process.

3.2. Optimisation of extraction conditions

In this experiment, parameters such as the amount of GO, amount of NaCl, sample pH,
desorption solvent type and volume were investigated and optimised in order to achieve
the best extraction efficiency for the triazine herbicides. The extraction performance of
the proposed method was evaluated by spiking 0.5 ng mL™" of the mixture triazines in 10
mL distilled water under different experimental conditions. All the experiments were
performed in triplicate (experimental) and doublet reading (instrumental) and the mean
value was taken as the optimum point.

3.2.1. Optimisation of the amount of GO adsorbent

The amount of GO on the peak area of the analyte compounds was studied in the range of
0.5-3 mg. The tests were performed following the procedure in Section 2.6. The results
shown in Figure 2 indicate that the maximum peak area was achieved using 1 mg of GO
for extraction of target analytes from 10 mL reagent water. This may be attributed to the
chemical structure and high surface area of GO that increases the adsorption capacity
[27,28]. Further increasing the amount of GO gave no improvement in the peak areas of

50
Slz
ATZ
‘j[‘ PRZ
40 PRN
=)
€ 30 a
5 . 3 .
< ke
% 20 T
3 |g Eol || g e
=
10 3
0 T y y y y y T
0.5 1 1.5 2 2.5 3

mass of GO (mg)

Figure 2. Effect of the amount of the graphene oxide (GO) nanoparticles on the peak areas of the
triazines. Extraction conditions: sample volume, 10 mL; spiked concentration of the analytes, 0.5 mg L
~1 amount of NaCl, 29 mg; centrifuging time 10 min at 4,000 rpm; sample pH, 5; desorption solvent,
0.5 mL acetone.
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the studied target analytes. It is important to note that more sorbent mass demands
increased solvent requirements for desorption solvent and as a result may also reduce the
resulting enrichment factor. Thus, 1 mg of GO was used in the subsequent studies as the
optimum mass of GO.

3.2.2. Effect of pH

In solid phase extraction, pH is a parameter that plays a decisive role as it affects surface
charge of sorbent, the extent of the ionisation and the solubility of the analytes in
a sample solution. Thus, the surface chemistry of GO and the chemical structure of
triazines are both dependent on the pH of the sample solution. The pH value of the
solution would change the surface charge of GO by protonation/deprotonation transition
of the hydroxyl and carboxyl functional groups; a primary factor which affects the
adsorbing property of GO [32]. In addition, there are also m-m interactions between
benzene rings of GO and the analytes, which is further favourable condition for the
adsorption of triazines. In the present study, the effect of pH was investigated in the pH
range of 3-8, since triazines are weak bases and they tend to protonate at excessively
acidic pH media and hydrolyses at high basic pH conditions [33]. The pH value of the
sample was adjusted by adding appropriate amounts of either 0.1 M HCl or 0.1 M NaOH
solutions.

As can be seen from Figure 3, the peak areas exhibit increasing tendency by increasing
the pH of the medium up to 5 and then decreased with further increase in pH. The pHpzc
(point of zero charge) value of GO is about 3.9 [34]. Therefore, at the pH values lower than
pHpzc, the surface charge of GO is positive because of the protonation reaction. In
addition, the studied triazine pesticides have pK, values in the range 1.65 to 4.1
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Figure 3. Effect of sample solution pH on the peak areas of the triazines. Extraction conditions: amount
GO nanoparticles, 1 mg; sample volume, 10 mL; spiked concentration of the analytes, 0.5mg L ~';
amount of NaCl, 29 mg; centrifuging time 10 min at 4,000 rpm; desorption solvent, 0.5 mL acetone.
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Figure 4. Effect of amount of NaCl on the peak areas of the triazines. Extraction conditions: amount GO
nanoparticles, 1 mg; sample volume, 10 mL; sample solution pH, 5; spiked concentration of the
analytes, 0.5 mg L™"; centrifuging time 10 min at 4,000 rpm; desorption solvent, 0.5 mL acetone.

(Table 1), which are weak alkaline. Therefore, it is mostly protonated in strong acidic
media [35,36]. As a result, they cannot bind well to the positively charged surface of the
GO due to the electrostatic repulsion. As the surface charge of GO becomes negative, at
pH values higher than the pHpzc, i.e. with increasing the pH value of solution, the
electrostatic interactions between the GO and the triazine pesticides become stronger,
which favours adsorption of triazines on the GO surface. The decrease in peak areas of
triazines at pH values greater than 5 (Figure 3) may be due to the fact that more oxygen
containing groups on the GO surface are deprotonated at the higher pH values [32]. This
could be attributed to the adsorption of more water molecules on surface of GO and thus
blocking the target analytes. Therefore, pH 5 was selected as optimum value for achieving
the maximum adsorption of the studied analytes on the GO sorbent. Similar observations
have also been noted by other workers [25].

3.2.3. The effect of NaCl

The effect of NaCl salt concentration on extraction efficiency was investigated using 5
ng mL™" mixture of the triazines pesticides spiked in reagent water samples. Extraction
efficiency increased when mass (in mg) of NaCl increased from 17 to 29 mg and
decreased at higher concentrations of NaCl (Figure 4). Lower NaCl concentration
resulted in insufficient GO aggregation and thus resulted in low efficiency of extraction
of the analytes from aqueous phase. With higher NaCl concentration, insignificant
elution of the analytes from GO resulted may be because of the increased viscosity of
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the aqueous solution [28]. The achieved result can also be explained by the competi-
tion of higher concentration of Na* ions with the analyte compounds for extraction
sites of GO sorbent [37]. Therefore, subsequent experiments were carried out with 29
mg NacCl.

3.2.4. Effect of desorption solvent type

Elution conditions are very important parameter to the efficiency of SPE, and the choice of
solvent will greatly impact elution performance. In order to obtain a good recovery,
elution of the analytes from the GO adsorbents was studied using common organic
solvents which is available and inexpensive organic solvents such as methanol, acetoni-
trile, acetone and chloroform. The peak areas of the desorbed herbicides in these solvents
were in the order of acetone > methanol > acetonitrile > chloroform (Figure 5). The
eluting power of acetone was much stronger than the other three organic solvents, with
chloroform exhibiting the least desorption performance. Therefore, acetone was the
selected desorption solvent for this method. This could be attributed to the highest
solubility of the target analyte compounds in acetone. Similar observations were also
noted by other workers for elution of this class of pesticide compounds [12]. Moreover,
acetone is preferred because of its low toxicity and is also inexpensive relative to the other
solvents utilised during optimisation [38].
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Figure 5. Effect of desorption solvent type on the peak areas of the triazines. Extraction conditions:
amount GO nanoparticles, 1 mg; sample volume, 10 mL; amount of NaCl, 29 mg; sample solution pH,
5; spiked concentration of the analytes, 0.5 mg L ~'; centrifuging time 10 min at 4,000 rpm.
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Figure 6. Effect of desorption solvent volume on the peak areas of the triazines. Extraction conditions:
amount GO nanoparticles, 1 mg; sample volume, 10 mL; amount of NaCl, 29 mg; sample solution pH,
5; spiked concentration of the analytes, 0.5 mg L - desorption solvent, acetone; centrifuging time 10
min at 4,000 rpm.

3.2.5. Desorption solvent volume

The volume of desorption solvent also has significant impact on the extraction efficiency.
Thus, different volumes of the eluting solution ranging from 0.5 mL to 2.5 mL, with 0.5 mL
interval were evaluated to have optimum volume. As indicated in Figure 6, the peak areas
for the first two volume series appeared fairly similar, and then got lowered with increas-
ing of the eluting solution volume. This could most probably be due to the dilution effect
of the analytes concentration with increased eluent volume. Hence, 0.5 mL was taken as
optimum eluent solvent volume. As described in Section 2.6, the eluate was collected and
evaporated in oven dry at 35°C and then the residues were reconstituted with 300 uL
mixture of acetonitrile and water (5:1 v/v), from which 20 uL was injected for HPLC
analysis.

3.3. Analytical performance criteria of the method

To validate the applicability of the proposed SA-GO-DSPE method, after optimisation of
the most influencing experimental conditions, all analytical performances of the method
including limit of detection (LOD), limit of quantification (LOQ), linear range, correlation
coefficient (r?), accuracy and precision were determined. The developed SA-GO-DSPE
method was first applied to the reagent aqueous solutions containing standard concen-
trations of the four triazine pesticides; in order to determine the linear range. The wide
linear ranges observed in this analyses were in ng mL™": i.e. 5-1000 (for SIZ and PRZ), 2.5—
1000 (for ATZ) and 8-1000 (for PRN), with correlation coefficient (r?) 0.9991 or better.
Then, calibration curves were obtained by considering the peak areas as the instrumental
response versus the analyte concentrations. LOD and LOQ were calculated from the
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Table 2. Analytical figures of merits for SA — GO-DSPE extraction technique combined with HPLC-DAD
for the herbicide compounds under study in reagent water.

Linear Repeatability

range LOD LOQ (RSD %, Reproducibility
Analyte (ng/mL) Regression equation ~ (ng/mL)  (ng/mL) r n==6) (RSD%, n=9)
SIZ 5-1000 y =0.1864x + 3.0568 0.64 2.12 09993 547 46° 6.27°
ATZ 2.5-1000 y=0.143x +3.3677 0.12 0.40 0.9992 329 254 438
PRZ 5-1000 y =0.2039x + 4.3809 0.57 1.90 0.9991  2.77 4.56 7.94
PRN 8-1000 y=0.2317%x+3.5017 0.80 2.68 0.9994 584 291 8.56

Note: ?Concentration,10 ng mL~"; ® Concentration, 500 ng mL~" ; Relative Standard Deviation (RSD).

standard deviation of the blank (o) analysis and the slope of calibration curve (m) using
the following equations: -’,‘n—" and %, respectively [1,17]. The analytical figures of merit for
the optimised method are shown in Table 2. These data indicated that the proposed
method has good sensitivity.

Precision of the proposed method was evaluated in terms of repeatability (intra-day
precision) and reproducibility (inter-day precision). To study repeatability of the method,
underground water sample spiked at two different concentrations (10 and 500 ng mL™")
for the mixture of the four triazine pesticides were extracted in duplicate. The extract of
each concentration was injected in triplicate on the same day under the optimised
experimental conditions. Reproducibility of the method was also validated by using the
same water sample used above to evaluate repeatability and spiked at the concentration
of 500 ng mL™", for three consecutive days; following single extraction and triple injection.
As shown in Table 2, the relative standard deviations (RSDs) of the method were between
2.54 and 5.84 for intra-day precision and 4.38 and 8.56 for inter-day precision; both results
of the precision studies demonstrated good reliability of the proposed analytical method.

3.4. Applications of SA-GO-DSPE to real water analyses

Four different types of environmental waters including the tap, underground, spring, and
river water samples were utilised for validation of the proposed method. Before spiking,
the blank samples were analysed and the results showed that none of the four chosen
target analytes were detected in any of the studied water samples. The observed results
may designate either the water samples analysed were free from the residues of triazine
herbicides or contained concentrations below the detection limits. The concentration
may be below the detection limits due to their retention in solid soil mud as they have
high log K., which leads to high adsorption capacity to solid soil mud [33]. The accuracy
of the proposed SA-GO-DSPE method was evaluated from the relative recovery studies. To
study the relative recovery (%RR), each water samples was spiked at three concentration
levels (Table 3). Each concentration values were extracted in triplicate and then injected.
Relative recovery was calculated as the ratio of the peak area of the spiked water samples
to the peak area of the spiked ultrapure water sample [39]. Mean recoveries for the four
triazines at three concentration levels were in the range of 69.06-95.53%, with %RSD from
1.32 t0 6.99 in all kinds of environmental water samples studied. The results obtained for
recovery were in acceptable range indicating that the proposed method has good
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Table 3. The %RR and %RSD (n=3) of the environmental water samples analysed for residue of
triazine pesticides by SA-GO-DSPE method.

Tap water River water ~ Spring water ~ Ground water
Triazine pesticides Spiked concentration (ng/mL) %RR  %RSD %RR %RSD %RR %RSD %RR  %RSD

SIZ 0 nd - - - - - - -
10 88.08 281 6940 503 8576 501 7692 638
50 8433 427 69.06 262 8147 672 7842 531
500 85.67 284 79.23 434 8959 425 7923 458

ATZ 0 nd - - - - - - -
10 9033 563 73.08 9.09 9245 393 8257 6.99
50 88,54 481 7600 684 8631 298 8359 162
500 9432 330 7194 488 9294 240 839 270

PRZ 0 nd - - - - - - -
10 9243 589 7356 752 8482 468 7939 782
50 8787 209 7402 626 8860 266 8594 266
500 9553 282 7553 417 8944 411 8683 218

PRN 0 nd - - - - - - -
10 9197 557 7230 501 8649 173 7831 5.03
50 9538 1.87 7672 426 8854 213 8075 288
500 9285 334 7555 426 9123 132 80.08 196

nd: not detected

performances which were also similarly reported by other workers, both for accuracy and
precisions [21,40].

The chromatograms of the target triazines in environmental water samples before and
after spiking at the concentration of 40ng mL™" using the developed SA-GO-DSPE
methods are shown in Figure 7. It is evident from this figure that there is no interfering
peaks for the studied analytes at their respective retention time in the chromatograms.
Therefore, the reported method is highly selective for the analyses of these and similar
other triazine herbicides in real water samples.

3.5. Comparison of the SA-GO-DSPE method with other SPE methods in the
literature

The established method, SA-GO-DSPE using GO as sorbent followed by HPLC-DAD
analysis, was compared with other published methods for the determination of triazines
in environmental water samples. The results are summarised in Table 4. The reported
detection techniques compared includes, stir bar sorptive extraction (SBSE) coupled with
gas chromatography mass spectrometry (GC-MS) [41], solid phase membrane tip extrac-
tion (SPMTE) which involving the use of tiny cone shaped membrane tip protected
multiwall carbon nanotubes (MWCNTs) combined with micro liquid chromatography
(Micro LC-UV) [42], dispersive micro solid phase extraction with ultrahigh performance
liquid chromatography high-resolution mass spectrometric detection (DMSPE -UHPLC-
HRMS) [43], SPE-HPLC-DAD using hydrophilic lipophilic balanced (HLB) sorbent [33,44],
micro solid phase extraction using titanium dioxide (TiO,) nanotube array as sorbent (-
SPE-HPLC-DAD) [45] and sol-gel poly (ethylene glycol)(PEG) coated stir fabric phase
sportive extraction (SFPSE) device in combination with UHPLC-DAD (SFPSE-UHPLC-DAD)
[46]. As can be seen, in comparison with other reported methods, the proposed method
had the wider linear range, and comparable or the lowest detection limit and good
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Figure 7. Typical chromatograms for blank (a) and spikedtap water (b), spiked spring water (c), spiked
underground water (d) and spiked river water (e) samples. Extraction conditions: amount GO
nanoparticles, 1 mg; sample volume, 10 mL; amount of NaCl, 29 mg; sample solution pH, 5; spiked
concentration of the analytes, 40 ng mL ' ; desorption solvent volume, 0.5 mL; centrifuging time 10
min at 4,000 rpm. Peaks: 1. simazine; 2. atrazine; 3. propazine; 4. prometryn.

precision. Although SBSE-GC-MS and DMSPE-UHPLC-HRMS have better LOD values, the
detection methods applied were high tech complex instruments which need skilled
manpower and expensive to use in routine laboratory analysis for developing country
like Ethiopia. Additionally, as sorbent used in some reported methods are commercially
prepared, expensive and not available routine laboratories. Preparation of other sorbents
compared with GO are also time-consuming procedure, require many organic and in
organic compounds which are not cost effective and ecofriendly method. Therefore, the
developed method is a valuable alternative to the routine analytical methods for extrac-
tion of triazine pesticides.
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Table 4. Comparison of the proposed method with other solid phase extraction form methods applied
for the extraction and determination of triazine pesticides in water samples.

Method Sorbent Detection LR (ug L™") LOD (ug L™ RSD Ref
SBSE PDMS GC-MS 0.01-10 0.0012-0.0034 1.5-5.1 [41]
SPMTE MWCNT Micro-LC-UV 1-100 0.2-0.5 6-8 [42]
DMSPE PCX UHPLC-HRMS 0.01-20 0.0002-0.03 <12.7 [43]
SPE HLB HPLC-DAD - 0.668-1.6 1-18 [33]
SPE HLB LC-DAD 200-1000 0.026-0.084 0.24-0.36 [44]
u-SPE TiO, HPLC-UV 1.0-200 0.19-0.50 23-4.2 [45]
SFPSE PEG UHPLC-DAD - 0.08-0.24 1.4-11.7 [46]
DSPE GO HPLC-DAD 2.5-1000 0.12-0.80 1.32-9.09 This work

Linear range (LR); Solid phase membrane tip extraction (SPMTE); Hydrophilic lipophilic balanced (HLB); Stir bar sorptive
extraction (SBSE); Poly (ethylene glycol) (PEG); Stir fabric phase sorptive extraction (SFPSE).

4. Conclusion

In the present study, a GO nanomaterial was synthesised and used successfully as SPE
sorbent. The developed analytical method based on the SA-GO-DSPE combined with
HPLC-DAD was applied for selective sample extraction and simultaneous quantitative
determination of the most commonly used four triazine pesticides at trace level in water
samples. When the method applied to the extraction of triazines from real water samples
such as tap, spring, underground and river water; no matrix interferences were coex-
tracted and observed in the analysis in liquid chromatographic separation. The sorbent
used as nanoparticle was observed to possess high adsorption capacity and rapid adsorp-
tion rates. In the experimental procedure, it was realised that only low amount of sorbent
can be used and also short equilibrium time was required to extract the analytes from
samples. Hence, the method has the advantages of short analysis time, simplicity, easy
operation and low organic solvent consumption; which implies that the methods in
agreement with the principles of Green Chemistry, suggesting the established method
combined with HPLC-DAD could be successfully applied as a rapid alternative for pre-
concentration, extraction, and determination of triazine pesticides in environmental water
samples and other trace organic pollutants in routine laboratories analysis.
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This study was designed to enable the development of a simple, fast, and
environmentally friendly analytical technique utilizing dispersive liquid-liquid
microextraction based on surface floating organic droplets for selective and quan-
titative enrichment of trace level pesticide contaminants from different fruit juice
samples for subsequent detection by high performance liquid chromatography,
combined with a diode array detector. The selective extraction was necessitated
in order to isolate the seven multiclass pesticide residues frequently occurring in
fruit juice samples. The effects of experimental parameters such as pH of sample
solution, type and volume of extraction and dispersive solvents, ionic strength
and extraction time were optimized. The optimized method was validated using
spiked blank sample and satisfactory results for accuracy, with recoveries rang-
ing from 87.23% to 99.45%, with %relative standard deviation between 1.37 and
8.39, precision in terms of %relative standard deviation < 10.78 and linearity at
concentration levels from 3 to 1500 ng/ml, which corresponded with correlation
coefficients > 0.998. The limits of detection and the limits of quantification were
ranged from 1.3x1072 t0 5.3x102 and 4.2x10~2 to 1.8x10~! ug/L, respectively. At
the end, the method was successfully applied to analyze real fruit juice samples
and target analytes were not detected in real samples.

KEYWORDS

Azoxystrobin, fruit, high performance liquid chromatography, pesticide residues, trace enrich-
ment

1 | INTRODUCTION

Pesticides are chemical substances used to eradicate
weeds, plant diseases, insects, fungi, and other pests

Article Related Abbreviations: DAD, diode array detection;
DLLME-SFOD, dispersive liquid-liquid microextraction-based surface
floating organic droplet; LPME, liquid-phase microextraction; MeOH,

methanol.

that could harm fruits and subsequently cause lower
agricultural yields. They are manufactured from multi-
ple molecule substances obtained from various chemical
groups that share some characteristics [1]. Out of the total
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amount of pesticides sprayed on the plants, only less than
0.1% of the applied pesticides actually reach the targeted
pests; the remainder may end up on other environmental
compartments and consumables like fruits and vegetables
[2-5]. This has led to the need for discovery of these com-
pounds in food, soil, and water, possibly compromising
both human life and health of all other living species [6].
Due to their toxicity and bioaccumulation, it is essential
and necessary condition to perform routine monitoring of
the residues of pesticides in food and similar other matrices
utilized in the livelihood of humans [4, 7].

For the purpose of quantifying and separating various
pesticide residues, in complex matrices, numerous chro-
matographic techniques have commonly been employed.
Most pesticides are volatile and thermally stable, making
them suitable for GC [8-13]. On the other hand, HPLC cou-
pled with a diode array detector (DAD) is also frequently
used to determine polar and thermally unstable pesticide
compounds [7, 14-21]. Both LC—MS and LC—MS/MS pro-
cedures, providing high sensitivity and better levels of
selectivity, have increased the interest of researchers these
days [4, 22]. Most common laboratories lack expensive ana-
lytical instruments and have difficulties accessing modern
equipment such as LC—MS and LC—MS/MS. Therefore,
it seems appealing and encouraging to develop sensitive
and effective analytical procedures that use HPLC—DAD
for routine assessments of multiclass pesticide residues,
especially in the labs of the less developed world.

Nowadays, sample preparation is mandatory before the
analysis, despite the invention of a variety of very sen-
sitive instrumental methods of analysis. This is because
some real sample matrices are complex, incompatibility
with the analytical instrument, making the analysis of
multiclass pesticide residues in foods difficult, as the con-
centrations at which they typically occur are very low. This
is known to be an obvious challenge to accurately sepa-
rating the analytes of interest and detecting them, to the
required degree of precision, mainly because of the wide
range of differences in chemical and physical properties.
The difficulty is more serious when the pesticide residues
are mixtures from multiple classes, which complicates
the chemistry, and thus a search for efficient extraction
combined with clean-up analytical procedures is critically
needed [9, 17]. Conventional sample preparation tech-
niques, such as liquid-liquid extraction [23], SPE [24], and
cloud point extraction [25] are methods used for selectively
isolating multiclass pesticides for accurate determination
in food samples. These methods should enable boosting
sensitivity for determining trace level determination of the
target analytes from sample matrices of varying origin.
However, some of these techniques owe quite a num-
ber of drawbacks including the need for huge volumes
of costly and hazardous organic solvents, labor-intensive

processes, prolonged extraction, and so forth [19, 26]. Fur-
thermore, miniaturization of the extraction methods was
subsequently introduced for trace level enrichment such
as SPME [27], magnetic SPE [10], single drop microex-
traction [28], stir bar sorptive extraction [6], continuous
sample drop flow-microextraction [29] and hollow fiber
liquid-phase microextraction (LPME) [30] and frequently
utilized for trace analyses of food samples. Advantages and
drawbacks of these techniques were explained in details
by other workers [31]. To overcome some of the drawbacks
encountered in both traditional and miniaturized sample
preparation techniques, one of these methods developed
is the dispersive liquid-liquid microextraction (DLLME),
which gradually received attention in the recent years.
DLLME is a miniaturized LPME technique that uses a
ternary component system made up of the aqueous phase,
extraction solvent, and disperser solvent [32]. Due to the
turbid suspension that is produced by this method and the
substantial surface area that is created between the aque-
ous phase and extraction solvent, analytes transfer from
the aqueous phase to the extraction solvent was found
easy. Different modes of DLLME for preconcentration of
multiple pesticide residues in a variety of food matrices
such as vegetables and fruit juices have become widely
used in recent years as a result of the replacement of tra-
ditional sample preparation techniques with DLLME [18,
19, 33]. Although conventional DLLME, which commonly
uses chlorinated solvents, has many advantages including
ease of use, speed, affordability, high recoveries, and a high
enrichment factor [9], the widespread use of halogenated
solvents as extraction solvents has been constrained by
their toxicity, which is also linked to human cancers. As
a result, usage of chlorinated solvents has been outlawed
globally and gradually been replaced with more envi-
ronmentally friendly solvents that are lighter in density
than water to address these shortcomings [34]. More-
over, in DLLME based surface floating organic droplet
(DLLME—-SFOD) technique collection of extraction sol-
vent seems to be interesting and easy task for the extraction
of multiresidue compounds [8]. After its development,
numerous research works have been reported for anal-
ysis of pesticides in foods including fruit juices [17, 29,
35-40]. However, to date there is no literature report
on the use of DLLME—SFOD procedure, in combina-
tion with HPLC—DAD, for simultaneous analysis of the
commonly used pesticides such as carbamate (carbrayl),
organophosphorus (dimetathote and metadiothate), tri-
azines (cyanazine and atrazine), phenyl urea (linuron) and
strobilurin (azoxystrobin) pesticides in fruit juice samples.
Therefore, despite the considerable development of sam-
ple preparation techniques in recent years, multiresidue
methods using microextraction techniques are difficult
to develop because compounds with different physico-
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chemical properties must be extracted simultaneously. It is
obvious that this method is more environmentally friendly;
reducing the cost and time compared to the methods that
extract a single class of pesticide pollutants. In this study,
a DLLME—-SFOD combined with HPLC—DAD has thus
been proposed for trace level enrichment of seven mul-
ticlass pesticide residues stated above in selected fruit
juice samples. Deferent experimental parameters affect-
ing the extraction efficiency of the target analytes were
studied and the optimal conditions have been established.
The analytical performances and possible applications in
fruit juices were also investigated in order to confirm the
reliability of the method for the target analytes.

2 | EXPERIMENTAL SECTION

2.1 | Chemicals and reagents

Two of the analytical standards considered in this study,
methidathion and dimethoate insecticides and hydrochlo-
ric acid (HCl) were purchased from Sigma Aldrich
(St. Louis, MO, USA). Two chloro-s-triazines including
atrazine and cyanazine were purchased from Dr. Ehren-
storfer GmbH (Augsburg, Germany). Azoxystrobin, car-
baryl and linuron were obtained from Sigma Aldrich
(Steinheim, Germany). All the standards were of the high-
est purity, that is, > 98 %. Other chemicals used in the
study were of analytical grade reagents while the sol-
vents utilized including ACN and acetone, acquired from
Sigma Aldrich (Steinheim, Germany), methanol (MeOH)
received from Carlo Erba (Rodano, Italy) and isopropanol
(IPA) the product of Sigma Aldrich (Seelze, Germany) were
of HPLC grade reagents. Common chemicals such as NaCl
was obtained from Sigma Aldrich (Steinheim, Germany)
and sodium hydroxide (NaOH) was the product of Merck
Chemicals (Darmstadt, Germany). Ultrapure water was
obtained by purifying with double distiller, A 8000 Aqua-
tron water Still (Bibby Scientific, Staffordshire, UK) and
deionizer (EASY Pure LF, Dubuque).

2.2 | Instruments and equipment

Chromatographic analyses were carried out using Agi-
lent 1200 series HPLC system (Agilent Technologies,
Waldbronn, Germany) outfitted with a quaternary pump,
vacuum degasser, standard and preparative autosampler,
thermostated column compartment, autosampler thermo-
stat, and a diode array multiple wavelength detector. LC
Chemstation software (B.02, 01-SR1) was used for sam-
ple processing and data acquisition. Chromatographic
separation was performed using a ZORBAX ODS-Cig

(150 X 3 mm, i.d., 3.5 um particle size) analytical col-
umn from Agilent Technologies. The sample solution pH
was measured using an Adwa pH meter, model 1020,
made by Adwa Hungary Kft, in Szeged, Hungary. For sam-
ple preparation, a centrifuge, Model 800, Jiangsu Zhenji
Instruments Ltd. (Jiangsu, China), a 15 ml centrifuge
tube, Corning integrated (Corning, NY, Mexico), and an
ultrasonic heater, Dacon, were utilized.

2.3 | Chromatographic conditions
Chromatographic separations were achieved using iso-
cratic delivery mode a binary mobile phase, consisting of
solvent A (ultrapure water) and solvent B (MeOH) in a
2:3 volume ratio, respectively. Prior to the sample injec-
tion, the HPLC column was equilibrated with the mobile
phase for 10 min. Analysis was performed with the flow
rate of 1 ml/min, column temperature at 35°C, injection
volume of 15 ul and UV detection was performed at 224 nm
for all the target analytes. Peak area was used as instru-
mental response and comparison of the responses. Under
these chromatographic conditions, baseline separation
was maintained for all the target analytes.

2.4 | Standard solution preparation

The stock standard solution of each target analyte, with
a concentration of 100 pg/ml, was prepared by weighing
appropriate amount and dissolving it in MeOH. Interme-
diate standard solutions of 10 ug/ml were obtained by
diluting the stock solution with ultrapure water. Other
working solutions of lower concentrations were also pre-
pared from the intermediate solution in the ultrapure
water. All standard solutions were stored in the refriger-
ator below 4°C, when not in use. The chemical structure,
common name, abbreviation and the octanol water parti-
tion coefficient (log P) at pH 7 and 20°C, and other relevant
physicochemical properties of the target pesticides are
shown in Figure 1.

2.5 | Juice samples

Various fruit juice samples including the orange, apple,
grape, pineapple, and guava were considered in the pre-
sented study and were obtained both from local super-
markets, in the city of Addis Ababa and imported from
abroad. Samples of fruit juice that are containing no pes-
ticide residues (blank samples) were utilized during the
recovery studies. All fruit juice samples were kept in their
original packaging and stored in dark drawers at room
temperature, when not in use.
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FIGURE 1

2.6 | DLLME-SFOD extraction
procedure

Fruit juice samples were filtered through a 0.45 um micro-
pore membrane syringe filter and 5 ml portions of each
kind of fruit juice sample, adjusted to pH 5, was measured
and transferred into a 15 ml falcon tube with conical bot-
tom. Afterwards, it was fortified with appropriate amount
of mixture of each target analytes and left to stand for about
10 min for equilibration. Then, before using the sample for
DLLME, aqueous solution of 15% (w/v) NaCl was added
and mechanically agitated for 1 min to dissolve in the juice
sample. Subsequently, the organic phase consisting of a
mixture of 1 ml ACN and 100 pl toluene was injected into
the sample solution with a syringe attached to a needle
with a flat point. Using a micropipette, the surface-floating
organic phase of the extract was carefully collected and
transferred into a 1.5 ml vial, where the extraction sol-
vent was evaporated to dryness at room temperature. The
residue was then reconstituted with 300 pl of MeOH, vor-
tex agitated for 1 min and then filtered through a 0.45 pl
micropore membrane filter before injecting to the HPLC
system for analysis.

3 | RESULTS AND DISCUSSION
3.1 | Optimization of the DLLME—-SFOD

This research work was designed with the interest to
develop an efficient analytical methodology that is minia-

Chemical structure, common name, pK,, and log K, (partition coefficient) of the target pesticides considered in this study.

turized, simple, fast, and cost-effective for the analysis
of multiresidue pesticides. Attainment of the desired effi-
ciency was achieved by making use of a single sample
preparation process to be able to analyze seven mul-
tiresidue pesticides simultaneously. The effects of crucial
experimental parameters that may have impacts on the
DLLME extraction efficiency were investigated and opti-
mized using the univariate approach in order to reach
a reliable extraction efficiency. All the experiments were
performed at least in triplicate (experimental) and dou-
blet reading (instrumental), and the mean instrumental
reading result, in each parameter study, was taken as
the optimum value. Peak area was taken as an instru-
ment response, for establishing the optimum experimental
condition for each parameter under study.

3.1.1 | Effect of the extraction solvents

The selection of the appropriate extraction solvent is one
of the major steps for the DLLME—SFOD process. The
solvent of choice, in this study, is one that has a lower
density than and is immiscible with water but miscible
with dispersive solvents. To this end, five organic sol-
vents including octanol (0.827 g/ml), heptane (0.680 g/ml),
toluene (0.865 g/ml), dihexyl ether (0.785 g/ml), and unde-
cane (0.740 g/ml), were tested for use as extraction solvent.
As has also been indicated in Figure 2, toluene has pro-
vided the highest peak areas for most of the analyte
compounds considered in this study, and thus was chosen
as the preferred extraction solvent. Toluene was similarly
used, as extraction solvent, for selective extraction of other

85U8017 SUOLLILLOD 3A 181D 3|ced!dde 8y Aq pausenob a1 ol VO ‘88N JO Sa|NJ o} Akeid18U1IUO /8|1 UO (SUORIPUOD-PUR-SLLIB)/LIOD" A 1M AleIq Ul UO//:SdNL) SUORIPUOD PUe SWe | 8U1 89S *[£202/90/20] Uo AriqiTauljuo A&|1M ‘lunedeqy SIpPY AQ 2z000£202 dosS/Z00T 0T/10p/LLI00 A 1M AseIq Ul lUO'S [euIN0 Bous 105 [0 A e/ Sdny W01y papeojumoq ‘0 ‘ST8TELSE



BEKELE and MEGERSA
300 COIomm[Jeyz[JcArR[_JATZ[ IMET[__]JAZO[JLIN
——DIM 300 +
250 4 —CYZ £2 -
250
S 200 P = -
E : 200
s 150 E & B z ]
5 S
= Z 150 -
S 100 %
~
50 - 100 i E
04 50
Und;cane Dihexyll Ether Oct:inol Hepltane Tolmllene 0
T T T T
Extraction solvent MeOH ACN Acetone  Isopropanol
Dispersive solvent type
FIGURE 2 Effect of the extraction solvent type; Experimental P P
conditions: sample volume, 5 ml; spiked concentration, 0.5 mg/L; FIGURE 3 Effect of the dispersive solvent type; Experimental

dispersive solvent, 1000 ul ACN; sample solution pH, 5; amount of
NacCl, 15% (w/v); extraction time, 2 min; centrifuging time, 5 min at
4000 rpm.

pesticides in one of the earlier studies reported in the
literature [7].

3.1.2 | Extraction solvent volume

The effect of extraction solvent volume on the extraction
performance of the presented DLLME—SFOD procedure
was investigated by varying the volume of toluene over the
range between 50 and 200 pl, with a 25 ul interval, keeping
all the other experimental conditions constant. Figure S1;
given in supplementary material, illustrates the peak areas
versus the volume of toluene. It was observed that in the
studied range, the highest peak areas were obtained for
100 pl. Therefore, this volume was chosen as optimum for
all the subsequent experiments.

3.1.3 | Effect of the dispersive solvents

The dispersant allows the extractant to form suspension
droplets in the aqueous phase with a large contact area
in the DLLME procedure [10, 12]. The dispersive sol-
vent must be miscible both in the aqueous phase and
organic solvent. In the current study, MeOH, ACN, ace-
tone and isopropanol were tested as dispersive solvents.
During optimization, 1 ml of each of the dispersive sol-
vent chosen was introduced into the 100 ul of extraction
solvent (toluene). Similar set of dispersive solvents were
also employed for quantitative extraction of other pesti-
cides from fruit juices and the results obtained for ACN
and isopropanol were closer to each other [12], which was
also similar with the results obtained for the current study.

conditions: same as those indicated in Figure 2.

However, the results obtained for this study revealed fairly
better peak areas in most cases for ACN, Figure 3, and thus
ACN was chosen as a preferred dispersive solvent. In other
earlier studies in the fruit juice samples, for other trace pes-
ticide residues, comparable results were also obtained and
reported in the literature [16, 41].

3.1.4 | Volume of the dispersive solvent

The dispersive solvent volume directly affects the forma-
tion of the cloudy solution; the degree of dispersion of the
extracting solvent in the aqueous phase and consequently
the extraction efficiency. The dispersive solvent volumes
most commonly employed in the DLLME are between 400
and 1400 pl [1]. In order to attain the optimal volume of the
dispersive solvent, various volumes of ACN (in the range of
400-1400 pl), with 200 ul volume interval increment, were
investigated. Compared with other volumes tested, for vol-
umes less than 400 ul a stable dispersion was not formed.
As shown in the data acquired from these experiments in
Figure S2 (given in supplementary material), the peak area
increases with the volume of ACN up to 1000 ul and then
remained almost constant for 1000 and 1200 ul; which was
gradually lowered with a further increase in volume. The
most probable reason could be associated with the solvent
volume, that is, at lower volumes the cloudy solution is
not well-formed whereas, at significantly high dispersive
solvent, the increased solvent volumes made the extrac-
tion solvent partly dissolved (even completely dissolved) in
water, resulting in lowering the partitioning of the analytes
providing low peak area [22]. Based on the experimental
results, 1000 ul ACN was chosen as the optimum dispersive
solvent volume.
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3.1.5 | Effect of the sample pH

The sample solution pH is the most important variable in
the extraction of targeted compounds since it enables them
to be identified in the uncharged state so as to easily dis-
solve in the organic phase rather than the aqueous phase
[4, 42, 43]. To investigate the influence of pH on extrac-
tion efficiency, the pH of the sample solutions was tested
in the range of 3 and 9, adjusted by 0.1 M HCl or/and 0.1 M
NaOH solution, before being subjected to DLLME—SFOD.
The pH range was selected based on the pK, of the target
analytes (Figure 1). It was observed that the peaks of all
the target analytes were increased with an increase in pH
up to 5 and then lowered at higher pH values (Figure 4).
This effect may be explained by the fact that the stability of
the target analytes is better enhanced in weakly acidic and
weakly alkaline solutions over strongly acidic and strongly
alkaline solutions, where they could readily be ionized [3].
Thus, pH 5 was selected as the optimum value for the
subsequent experiments.

3.1.6 | Effectof ionic strength

The most commonly used salt for salting out pesticide
residues from contaminated samples is NaCl [2, 4]. In this
study, the same salt was also utilized in the concentration
range from 0.5 to 30% w/v at the interval of 5% and was
tested to see the effect of salt on the performance of the
DLLME-SFOD procedure. It was found that increased salt
concentration to 15% w/v leads to the increase in peak areas
for all the target analytes except for dimethoate where
the peak areas observed were constant at all concentra-
tion levels. This salting-out effect may be because there are
insufficient water molecules available to dissolve the ana-
lytes due to the formation of hydration spheres by water

conditions are the same as those indicated in Figure 4.

molecules surrounding the molecules of ionic salts [4].
As can be seen in Figure 5, decreasing in the peak areas
occurred when the salt contents of the sample solution
increased above 15% w/v. This declining tendency might be
explained by the challenge of mass transfer of the analyte
from the solution into the extractant solvent. This observa-
tion could be associated with the increased viscosity of the
solution upon further addition of the salt [19].

3.1.7 | The influence of vortex time on the
extraction

The major function of vortex agitation is to hasten the cre-
ation of turbid toluene solution. In this study the efficiency
of extraction as a function of vortex time was investigated,
which ranged from 0.25 to 3 min, maintaining a constant
vortex rotation speed. It took 2 min to obtain the high-
est vortex extraction efficiency. The rapid achievement
of equilibrium could be associated with the high contact
interface between the extractant and the aqueous sam-
ple [21]. There was no substantial difference as the vortex
time was increased further. The data acquired from these
experiments were shown in Figure S3 (supporting infor-
mation); as a result, a vortex time of 2 min was chosen as
the optimum extraction time.

3.2 | Analytical performance of the
method

The DLLME-SFOD technique was validated in terms of
linearity, LOD, LOQ, inter-day, and intra-day precision
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TABLE 1 Figures of merit for the analytical performance of the proposed method.
Linear range Regression Repeatability Reproducibility
Analyte (ng/ml) equation LOD* LOQ® ¢? (RSD %, n = 6) (RSD%, n = 12)
Level 1 Level 2 Level 1 Level 2

DIM 9-1500 y =9.342x + 0.2238 0.024 0.081 0.9982 (9)¢ 2.52 3.81 5.59 5.61
CYzZ 3-750 y =159.33x + 0.2835 0.030 0.091 0.9994 (10)  5.69 433 6.4 3.74
CAR 3-750 y = 311.61x + 0.7714 0.021 0.070 0.9991 (10) 5.65 1.89 9.73 4.87
ATZ 3-1500 y = 237.08x - 0.4271 0.033 0.098 0.9992 (9) 5.52 1.84 6.09 3.31
MET 9-900 y = 24.786x + 0.0929 0.013 0.042 0.9993 (9) 4.09 7.42 3.94 10.78
AZO 6-1000 y = 97.983x - 0.3127 0.027 0.083 0.999 (9) 4.07 3.34 5.91 6.49
LIN 6-1000 y = 48.603x - 0.3674 0.053 0.180 0.9992 (9) 3.66 2.63 5.07 3.39

Limit of detection (ng/ml); "Limit of quantification (ng/ml).

‘Numbers in brackets indicate the number of concentration points for calibration curves that were prepared.
Level 1 (ug/L), 20 for ATZ, CYZ, and CAR; 40 for AZO and LIN; and 60 for DIM and MET.
Level 2 (ug/L), 80 for ATZ, CYZ, and CAR; 160 for AZO and LIN; and 240 for DIM and MET.

under optimal conditions. For ATZ, AZO, LIN, MET, and
DIM, calibration curves were constructed at nine levels;
for CYZ and CAR at ten levels. The linear calibration
plots were generated by plotting the area of the analyte
peak against the standard concentration (ng/ml). As can
be seen in Table 1, for the target multiclass pesticides,
linearity was expressed with correlation coefficients (r?)
ranging from 0.998 to 0.999. LOD and LOQ were computed
using the following equations: 2 and 10—6, respectively,
from the standard deviation (o) rgf the ninrqle blank signal
analyses of reagent water and slope (m) of the working
curve [42]. Hence, the LODs and LOQs were obtained
in the range of 0.021-0.053 and 0.042—0.180 ng/ml,
respectively.

The precision of the proposed method was evaluated
in terms of repeatability (intra-day precision) and repro-
ducibility (inter-day precision). To study the repeatability
of the method, apple fruit juice sample spiked at two
different concentration levels (Level 1 [ug/L], 20 for ATZ,
CYZ, and CAR; 40 for AZO and LIN, and 60 for DIM
and MET; Level 2 [ug/L], 80 for ATZ, CYZ and CAR; 160
for AZO and LIN; and 240 for DIM and MET) for the
mixture of the seven pesticides which were extracted in
duplicate. The extract of each concentration level was
injected in triplicate on the same day under the optimized
experimental conditions. Reproducibility of the method
was also validated using the same fruit juice sample and
concentration levels used above to evaluate repeatability
for four consecutive days; following single extraction and
triple injection. As shown in Table 1, the RSD% of the
method was between 1.84 and 7.42 for intra-day and 3.74
and 10.78 for inter-day; both results of the precision studies
demonstrated good reliability of the proposed analytical
method.

3.3 | Applications of DLLME—SFOD to
real fruit juice analyses

Five different types of fruit juices including the apple,
grape, orange, pineapple, and guava samples were uti-
lized for the accuracy validation of the proposed method.
In all cases, the unspiked sample was analyzed to check
the presence/absence of the seven chosen target analytes,
and none of the studied fruit juice samples gave signals
corresponding to concentrations above the LODs. The
observed results indicated either the samples analyzed
were free from the residues or contained concentrations
below the detection limits. The trueness of the developed
DLLME—-SFOD method was evaluated from the average
relative recovery of each fruit juice sample spiked at three
concentration levels (Table 2). Each concentration level
was extracted in triplicate. The analysis of Certified Refer-
ence Materials (CRMs) is the preferred technique to verify
the method’s correctness. Unfortunately, the CRM was not
available in our laboratories. Thus, in order to assess the
method’s accuracy, relative recovery was employed by the
added-found technique [39, 44, 45]. Mean relative recover-
ies (%RR) at three concentration levels were in the range
of 87.23%—99.45%, with a %RSD of 1.37-8.39 in all kinds of
fruit juice samples studied. The results obtained for recov-
ery studies were in the acceptable range [46] indicating
that the matrices of different real samples have no signif-
icant effect on the performance of the proposed method.
Similar results were also reported by other workers, both
for accuracy and precision analysis of pesticides in fruit
juices [12, 20].

The chromatograms of the target multiclass pesticide
residues in the apple fruit juice sample before and after
spiking at concentration Level 2 (used for precision and
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TABLE 2 The %RR and %RSD (n = 3) of the fruit juice samples analyzed for multiclass pesticides by DLLME-SFOD method.

Spiked con.
Pesticides (ng/ml) Apple Pine apple Orange Guava Grape
RR RSD RR RSD RR RSD RR RSD RR RSD
DIM Level 1 95.76 4.49 96.12 5.10 98.08 2.52 92.21 3.78 89.40 3.90
Level 2 91.45 5.99 98.24 4.05 94.51 3.81 88.65 2.04 91.13 1.98
Level 3 99.59 3.82 89.32 7.08 95.65 2.54 93.25 3.69 87.55 3.94
CYz Level 1 92.45 3.93 94.57 6.10 89.42 5.69 91.23 7.29 92.03 7.22
Level 2 96.31 2.67 93.59 1.45 98.45 4.33 95.45 6.84 87.23 5.96
Level 3 94.49 2.36 95.12 2.38 96.24 3.23 89.54 4.88 94.25 3.73
CAR Level 1 94.82 4.18 95.45 6.50 96.34 5.65 95.12 6.43 93.65 5.90
Level 2 98.56 2.39 96.23 2.37 97.43 1.89 92.36 2.37 94.04 4.93
Level 3 99.45 3.70 95.15 1.99 96.36 2.80 91.24 5.95 91.35 3.45
ATZ Level 1 96.49 1.56 98.31 2.99 92.79 5.52 96.12 4.81 92.23 3.93
Level 2 98.54 4.87 90.57 4.97 96.83 1.84 91.23 1.95 96.72 5.44
Level 3 88.23 1.37 92.13 1.90 94.58 3.28 93.35 2.28 95.45 2.57
MET Level 1 95.67 4.49 93.08 3.43 93.82 4.09 87.78 6.96 89.50 7.21
Level 2 91.24 6.46 95.21 6.77 92.15 7.42 91.70 4.94 91.11 5.93
Level 3 89.59 4.25 92.35 2.56 96.56 2.60 93.22 5.87 94.62 3.39
AZO Level 1 94.45 3.84 91.54 5.19 99.24 4.07 96.25 6.76 96.43 4.67
Level 2 96.13 2.67 90.65 2.79 97.54 3.34 92.45 4.71 87.45 7.22
Level 3 93.48 2.39 92.23 6.40 98.13 2.17 93.89 1.85 92.35 5.85
LIN Level 1 89.45 4.35 92.35 5.73 93.53 3.67 87.29 2.86 93.25 4.92
Level 2 93.12 3.90 93.23 2.77 95.33 2.63 91.15 4.15 91.14 6.96
Level 3 94.23 4.10 92.41 1.67 97.45 3.26 93.47 7.04 92.98 8.39

Level 1 (ug L™1), 20 for ATZ, CYZ, and CAR; 40 for AZO and LIN; and 80 for DIM and MET.
Level 2 (ug L), 80 for ATZ, CYZ, and CAR; 160 for AZO and LIN; and 300 for DIM and MET.

accuracy studies) using the developed DLLME—SFOD
method are shown in Figure 6. The chromatograms of
the target pesticides for other fruit juice samples are pre-
sented in the supporting information, Figure S4; given
in the supplementary materials. It is evident from these
figures that the analytes have no interference from coex-
tracted components and are well-resolved for most of them
demonstrating a high level of selectivity at their respec-
tive retention times. Therefore, the reported method is
highly selective for the analyses of these and other similar
multiclass pesticides in real fruit juice samples.

3.4 | Comparison of the DLLME-SFOD
method with reported DLLME methods

The methods reported in the literature for analyzing pes-
ticides in samples of fruit juice were compared in Table 3
in order to evaluate the proposed method. The presented
analytical method, that is, DLLME-SFOD is more eco-
friendly as an extraction organic solvent, toluene has
significantly lower toxicity than those methods using toxic

halogenated organic solvents [10, 11, 13, 18, 20]. Further-
more, these methods employ a microsyringe to collect the
high-density microvolume of the sedimented organic layer,
thus the methods are prone to more challenges compared
to the DLLME-SFOD. In addition, they may be facing
the problems of both sample losses and contamination
during extract collection. When the present method is
compared with the surfactant-emulsified vortex—assisted
DLLME and magnetic dispersive SPE combined with
DLLME methods [11, 19], the developed technique is
found to use less solvent volume, simpler equipment, less
extraction time, and so forth. Furthermore, the proposed
approach exhibits a wider linear range, comparable or
lower detection limit, and good precision compared to a
deep eutectic solvent-based ultrasonic aided liquid-liquid
microextraction method [19]. The proposed technique also
offers comparable precision and improved sensitivity than
majority of the reported techniques in the literature.

As aresult, for enriching and selective extraction of mul-
ticlass pesticides from a variety of complex matrices, such
as fruit juice samples, the method proposed in this study is
areliable alternative to the conventional DLLME methods.
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FIGURE 6 Typical chromatograms of unspiked and spiked apple juice samples at level 2; Extraction conditions: the same as those
indicated in Figure 5; Peaks identifications: 1, dimethoate 2, cyanazine 3, carbaryl 4, atrazine 5, metadiothate 6, azoxystrobin 7, linuron.

TABLE 3 Comparison of the proposed method with other methods applied for the extraction and determination of pesticides in fruit

juice samples.

Method Extraction solvent Detection LR (mg/L)
MGO-SPE-DLLME chloroform GC-FID 3.5-10 000
MDSPE-DLLME trichloroethane GC-FID 0.49-5000
QuEChERS-DLLME Carbon tetrachloride GC—ECD 0.5-10 000
VA-DLLME 1-dodecanol HPLC-DAD 20-13 590
DLLME chloroform HPLC—UV 2-1500
DES-UADLLME Deep eutectic solvent HPLC—UV 1-500
SE-VA-DLLME Dichloromethane LC—DAD 10-3000
VA-IL-DLLME Tonic liquid HPLC-DAD 10-15 000
DLLME-SFOD Toluene HPLC-DAD 3-1500

Surfactant emulsified vortex assisted— DLLME (SE-VA-DLLME).

A deep eutectic solvent-based ultrasound assisted liquid-liquid microextraction (DES-UALLME).
Vortex-assisted ionic liquid-DLLME (VA-IL-DLLME).

Magnetic dispersive solid phase extraction- DLLME (MDSPE-DLLME).

Magnetic graphene oxide based—-SPE-DLLME (MGO-SPE-DLLME).

LOD (ug/L)
1-6
0.15-0.36
0.2-2
5.58-17.40
2-5
0.07-0.096
0.45-0.81
5-10
0.021-0.053

RSD

4-8

2-6
21-6.4
1.2-9.8
0.42-5.57
51-7.8
3.8-7.1
1-3.1
1.84-10.78

Ref

[10]

(1]

[13]

[16]

(18]

[19]

[20]

[41]

This work

85U8017 SUOLLILLOD 3A 181D 3|ced!dde 8y Aq pausenob a1 ol VO ‘88N JO Sa|NJ o} Akeid18U1IUO /8|1 UO (SUORIPUOD-PUR-SLLIB)/LIOD" A 1M AleIq Ul UO//:SdNL) SUORIPUOD PUe SWe | 8U1 89S *[£202/90/20] Uo AriqiTauljuo A&|1M ‘lunedeqy SIpPY AQ 2z000£202 dosS/Z00T 0T/10p/LLI00 A 1M AseIq Ul lUO'S [euIN0 Bous 105 [0 A e/ Sdny W01y papeojumoq ‘0 ‘ST8TELSE



10 of 12

BEKELE and MEGERSA

4 | CONCLUDING REMARKS

In the present study, a DLLME—SFOD analytical method
coupled with HPLC—DAD instrumentation was devel-
oped and optimized for selective and simultaneous sample
extraction and quantitative determination of the most
commonly used seven multiclass pesticides at trace lev-
els in fruit juice samples. The extraction technique was
optimized for all the experimental parameters considered
in the study. During the method applied to the extrac-
tion of the trace level pesticides from fruit juice samples
such as orange, grape, guava, apple, and pineapple, no
matrix interferences were co-extracted and observed in the
analysis at their respective retention times. The extrac-
tion solvents used in the current extraction method are
more eco-friendly compared to other extraction solvents
utilized in other reported studies that used toxic halo-
genated organic solvents. In the optimized experimental
procedure, it was realized that only a low amount of extrac-
tion and disperser solvents can be used and also short
equilibrium time was required to extract the analytes from
samples. The suggested technique combines the advan-
tages of a quick analysis time, simplicity, minimal organic
solvent consumption, sensitivity, and cost-effectiveness as
well as a high level of linearity over a wide range of ana-
lyte concentrations. Therefore, the trace level enrichment
of multiclass pesticides using the DLLME—SFOD analyt-
ical technique could be considered a good alternative for
selective and sensitive extraction and convenient assess-
ment of multiclass pesticide residues in fruit juice samples
in regular laboratory analysis.
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In this study, a simple, inexpensive, selective, and fast salting-out assisted liquid-liquid extraction (SALLE) technique coupled with
high-pressure liquid chromatography-diode array detection (HPLC-DAD) was developed for the extraction, preconcentration,
and analysis of trace level seven multiclass pesticide residues in pasteurized and raw cow milk samples. The significant factors that
affect the extent to which the target analytes are extracted, such as the type of extraction solvent and its volume, the type and
concentration of salting-out salts, the pH of the solution, and the extraction time, have been investigated. Under optimum
conditions, the correlation coefficient (r*) was obtained within a range of 0.9982-0.9997 for a broad linear range concentration of
2-1500 ng-mL_l. Reliable sensitivity was achieved with limits of detection (LODs) and limits of quantification (LOQs) ranging
from 0.58-2.56 ng-mL™" and 1.95-8.51 ng-mL™", respectively. While precision with interday and intraday in terms of relative
standard deviations (RSDs) was observed in the range of 1.97- 7.88% and 4.52- 8.04%, respectively. The results of the precision
studies reveal that good repeatability and reproducibility (RSDs <9) were achieved, thus showing a low variability extraction of the
developed method. Finally, the proposed and validated approach was effectively used to extract and determine pesticide residues

in real milk matrices; however, the target analytes were not detected in all samples.

1. Introduction

Pesticides are chemical compounds used all over the world
to control, prevent, or eliminate pests that threaten plants,
animals, and human environments. It is well documented
and known that their use increases agricultural productivity,
though their residues greatly contaminate environmental
components [1]. Nowadays, pesticide use has significantly
increased throughout the world and similarly in Ethiopia [2]
mainly as a result of the country’s continuous agricultural
reform. Out of the enormous quantities of pesticides applied,
only less than 0.1% actually reach the intended pests; the
remainder may end up on other environmental surfaces and
accumulate in grasslands and feed additives given to cattle

and other animals [3-5]. Pesticide residues at trace levels can
be hazardous to unanticipated targets, posing a serious
threat to human health and the ecosystem [2, 6, 7]. Humans
come into contact with these chemicals through unsafe use,
food, or the environment [5, 8]. Food security is a condition
in which everyone, at all times, have physical, social, and
economic access to sufficient quantities of wholesome foods
to meet their dietary needs and food preferences for an active
and healthy life [9]. Due to these facts, monitoring for
pesticides in food matrices on a regular basis is crucial and
has become one of the hot research topics these days [10, 11].

Pesticides typically exist in low concentrations in the
environment and food matrices, and determination of these
trace quantities requires various analytical instruments,
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including gas chromatography-mass spectrometry (GC-MS)
[7, 10, 12], gas chromatography-tandem mass spectrometry
(GC-MS/MS) [13], high-performance liquid chromatogra-
phy (HPLC) combined with a diode array detector (DAD)
[14-16], tandem mass spectrometry (MS/MS) [1, 5, 17-19],
and ultraviolet detector (UVD) [20-22]. Most of these in-
struments provide good selectivity, sensitivity, low detection
capacity, and so on; however, there are financial limitations
to acquire them at laboratories that are not well equipped to
meet the demanded requirements. However, relatively less
expensive techniques, such as HPLC-DAD, are routinely
used for monitoring of pesticide and other pollutant resi-
dues. In addition, when combined with a DAD detection
system, HPLC procedures are typically favored over GC ones
since HPLC is used without derivatization and is a suffi-
ciently selective and sensitive analytical method [23].
Therefore, HPLC-DAD was chosen for monitoring of
multiclass pesticides in milk samples for the designed sample
preparation methods in the current study.

Dairy farming is one of the most profitable businesses in
Ethiopia, particularly in the central Oromiya regional state.
Furthermore, Ethiopia has one of the highest populations of
cattle in Africa, estimated at 60 million heads, and around
90% of milk products are obtained from cows [24]. Milk is
one of the required food item for mankind, but the question
of its contamination with trace-level pesticides must be given
attention, particularly when its handling personnel are
untrained farmers and agricultural extension workers who
lack knowledge of pesticide management, how to use for
agronomy, and veterinary care are involved [8, 25]. Studies
have revealed that despite the fact that most pesticides are
often present in low concentrations, their persistence causes
them to accumulate in animal tissues where they enter the
food chain [5, 10, 11, 19]. Contamination of milk and milk
products is extremely concerning because these foods hold
a very special place in the diets of infants, young children,
and the elderly for whom milk is a complete diet enriched
with proteins, vitamins, fats, and essential minerals [26, 27].

The health concerns posed by trace pesticide residues in
food can be significant, especially for young children whose
enzymatic and metabolic systems are still developing
[28-30]. Research on pesticide residues in the environment
and various foods that have detrimental effects on human
health is receiving special attention [30]. Because milk has
dissolved proteins, carbohydrates, and minerals, it is difficult
to recover trace-level multiclass pesticide residues with
different physicochemical properties, and thus developing
an amenable sample extraction technique and cleanup step is
very crucial before chromatographic analysis [26].

Among numerous sample preparation techniques that
have been performed to achieve efficient extraction of
pesticides from milk and milk products, liquid-liquid ex-
traction (LLE) [13, 31], solid-phase extraction (SPE) [16],
dispersive solid-phase extraction (DSPE) [19], magnetic
solid-phase extraction (MSPE) [28, 32], and solid-phase
microextraction (SPME) [33, 34], Quick, easy, cheap, ef-
fective, rugged, and safe (QuEChERs) [14], pressurized
liquid extraction (PLE) [12], and cloud point extraction
[35, 36] were some of the reported works in the literature.
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The majority of these methods are labor intensive, time-
consuming, and environmentally unfriendly, despite the fact
that they offer clear advantages for extraction of pesticides
from milk. Besides, as stated explicitly in published litera-
ture, industrially produced QuEChERs kits, SPME needles,
and SPE cartilage materials are quite expensive [5, 6, 37].

Preconcentration of multiclass pesticide residues in food
samples nowadays needs the development of analytical
techniques that are miniaturized, efficient, simple, fast, and
affordable. The most popular method, dispersive liquid-
liquid microextraction (DLLME), is limited to the use of
nonpolar, water-immiscible solvents with low dielectric
constants and poor extraction efficiency of polar organic and
inorganic compounds [38]. As a result, the introduction of
salt-assisted liquid-liquid extraction (SALLE), an efficient
extraction method for polar to moderately polar organic
compounds, was made feasible by using more polar and
water-miscible organic extraction solvents like acetonitrile,
isopropanol, acetone, ethanol, and methanol, among others.
In the SALLE method, organic solvent is separated from the
mixture, and a two-phase system is created as a result of
addition of inorganic salt [39]. When using inorganic or
organic salts, the salting out effect increases the ionic
strength of the solution and decreases the solubility of the
weak electrolyte in water, which causes the target analyte to
be extracted into the organic solvent, resulting in high ex-
traction efficiency of polar or slightly polar target analyte in
an aqueous sample [39]. The SALLE method produces ex-
tracts with solutes in organic solvent that may be evaporated
and reconstituted with an appropriate solvent for pre-
concentration and analysis by HPLC or GC [40, 41]. On the
other hand, in the SALLE methods, extraction solvents are
compatible with the majority of analytical instruments,
particularly chromatographic ones, making it possible to
directly inject the extract into these methods of analysis
[36, 42, 43].

SALLE has been used successfully to analyze pesticides in
foods [20, 40, 44], biological matrices [36], and environ-
mental water [45-47]. Researchers put a lot of work into
making the method automated and high throughput during
the development step to reduce processing time and
chemicals required [35, 37]. Though various pretreatment
technologies have been developed, the method of SALLE has
still been widely used, since it integrates sample cleanup,
preconcentration, and extraction in one single step and
shares the advantages of the sample pretreatment technique
gained from QuEChERS [48, 49]. Even though numerous
advantages were reported, the application of SALLE for
enrichment of multiclass pesticides in milk samples is scarce
in the reported literature.

To the best of our knowledge, there are no reports in
the literature on the use of the SALLE technique coupled
with HPLC-DAD for simultaneous extraction and de-
termination of multiclass pesticide residues including
carbamate (carbrayl), organophosphate (methidathion),
triazines (cyanazine, atrazine, and propazine), neon-
icotinoid (thiamethoxam), and strobilurin (azoxystrobin)
in cow milk samples. Therefore, the present study was designed
to develop, optimize, and validate a simple, fast, inexpensive,
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and an environment friendly (green) analytical technique based
on SALLE, as an alternative for preconcentration and extraction
of seven multiclass pesticide residues in cow milk samples.

2. Experimental

2.1. Chemicals and Reagents. The standards used in this study
are of analytical reagent grade substances; methidathion was
obtained from Sigma-Aldrich (St. Louis, MO, USA), and
atrazine, cyanazine, and propazine were purchased from Dr.
Ehrenstorfer GmbH (Augsburg, Germany). Azoxystrobin,
carbrayl, and thiamethoxam were the products of Sigma-
Aldrich (Steinheim, Germany). All the pesticide standards
were of the highest purity, viz.,, >98%. Other common
chemicals used in the study were also analytical-grade re-
agents while the solvents utilized including acetonitrile
(ACN), dihexyl ether, ethyl acetate, and acetone acquired
from Sigma-Aldrich (Steinheim, Germany), methanol
(MeOH) received from Carlo Erba (Rodano, Italy), and iso-
propanol (IPA) obtained from Sigma-Aldrich (Seelze, Ger-
many) were HPLC-grade reagents. Magnesium sulphate
anhydrous and ammonium sulphate were from Fine Chem
Industries (Mumbai, India, 99%). Ammonium acetate (BDH
Chemical Ltd, England, 96%) was obtained from VWR In-
ternational (Radnor, PA, USA). Sodium sulphate and sodium
acetate anhydrous were from (BDH Chemical Ltd, England,
96%). Common chemicals such as NaCl were obtained from
Sigma-Aldrich (Steinheim, Germany), hydrochloric acid
(HCl) was purchased from Sigma-Aldrich (St. Louis, MO,
USA), and sodium hydroxide (NaOH) was the product of
Merck chemicals (Darmstadt, Germany). Ultrapure water was
prepared by purifying with a double distiller, a 8000 Aquatron
water Still (Bibby Scientific, Staffordshire, UK), and a de-
ionizer (EASY Pure LF, Dubuque).

2.2. Instruments and Equipment. Chromatographic analyses
were carried out using the Agilent 1200 series HPLC system
(Agilent Technologies, Waldbronn, Germany) outfitted with
a quaternary pump, vacuum degasser, standard and pre-
parative autosampler, thermostated column compartment,
autosampler thermostat, and a diode array multiple wave-
length detector. LC Chemstation software (B.02, 01-SR1)
was used for sample processing and data acquisition.
Chromatographic separation was performed using a ZOR-
BAX ODS-C;g (150 x 3mm, i.d., 3.5 ym particle size) ana-
Iytical column from Agilent Technologies. The sample
solution pH was measured using an Adwa pH meter, model
1020, made by Adwa Hungary Kft. in Szeged, Hungary. For
sample preparation, a centrifuge, Model 800, Jiangsu Zhenji
insturuments Co., Ltd. (Jiangsu, China), a 15 mL centrifuge
tube, Corning integrated (Corning, NY, Mexico), and an
ultrasonic heater, Dacon®, were utilized.

2.3. Chromatographic Conditions. Chromatographic sepa-
rations were achieved using the isocratic condition of a bi-
nary mobile phase, consisting of solvent A (40% ultrapure
water) and solvent B (60% methanol). Prior to the sample

injection, the HPLC column was equilibrated with the
mobile phase for 10 min. Analysis was performed with a flow
rate of 1 mL/min, column temperature of 35°C, injection
volume of 15uL, and UV detection at 224nm for all the
target analytes. Peak area was used as instrumental response
and comparison of the responses. Under these chromato-
graphic conditions, baseline separation was maintained for
all the target analytes.

2.4. Standard Solution Preparation. The stock standard
solution of each target analyte, with the concentration of
0.1 mg/mL, was prepared by weighing the appropriate
amount and dissolving it in methanol. Intermediate
standard solutions of 10 yg/mL were obtained by diluting
the stock solution with ultrapure water. Other working
solutions of lower concentrations were also prepared by
diluting the intermediate solution in the ultrapure water.
All standard solutions were stored in the refrigerator
below 4°C, when not in use. The chemical structures,
common names, abbreviations, the octanol-water parti-
tion coefficient (logP; at pH 7 and 20°C), and other rel-
evant physicochemical properties of the target pesticides
considered are shown in Figure 1.

2.5. Milk Samples. A total of 7 milk samples (one fresh raw
milk collected from a dairy cattle farm and three pas-
teurized milk processed and packed by two dairy product
suppliers) were taken. Pasteurized milk samples were
bought from randomly selected local supermarkets in
Addis Ababa, and raw milk samples were donated from
a randomly selected dairy cattle farm in Sheger city (in
sululta subcity) in April 2023 for the multiclass pesticide
residue analysis. After arrival at the laboratory, the pas-
teurized milk samples in their original packing and raw
milk in a brown bottle were kept in a refrigerator at 4°C
until the time of analysis, when not in use. Note that the
names of the producers have been kept confidential to
protect their business and reputation.

2.6. Procedure of SALLE. Aliquots of 0.5 mL of milk sample
were placed in a 15mL falcon centrifuge conical bottom
tube and then diluted to 5.0 mL with ultrapure water
(pH 8.0) to reduce the matrix effect of the sample. The
sample solution pH was adjusted using 0.1 M HCl or 0.1 M
NaOH solution and spiked with appropriate amount of
mixed standard solutions of the pesticides. The sample
solution was then kept to stand for 20 min to equilibrate,
and 1.0 mL ACN was added and vortexed for 0.5 min. This
was followed by the addition of 2.0g MgSO, to the
mixture and vortexed for an additional 2 min to dissolve
the salt to be used as a salting out agent. After centrifuging
the resulting content at 4000 rpm for 5 min, 500 uL of the
supernatant was carefully withdrawn with a micropipette
and transferred to a vial filtering through a 0.22 L filter
membrane. Then, 15.0 yL was injected into the HPLC-DAD
system for extract analysis.
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FiGure 1: Chemical structure, common name, logK,, (octanol-water partition coefficient), and pK, (acid dissociation constant) of the

multiclass pesticide compounds under study.

2.7. Statistical Analysis. Descriptive statistical analysis of
means, standard deviations, and relative standard deviations
for data obtained during parameter optimizations and
validations of the method was performed using Microsoft
Office Excel 2010 software, and figures were drawn using
Origin 2019b software.

3. Results and Discussion

3.1. Optimization of the SALLE Procedure. This research work
was designed with the interest of developing an efficient
analytical methodology which is miniaturized, simple, fast,
and cost-effective for the analysis of multiclass pesticide
residues. Attainment of the desired efficiency was achieved by
making use of a single sample preparation process to be able
to analyze seven multiclass pesticide residues simultaneously.
During method development, experiments were conducted to
optimize different extraction parameters including the type
and volume of the organic solvent, type and amount of salt,
pH of the sample solution, and vortex time. These experi-
mental conditions were evaluated by spiking reagent water at
concentrations of 100 ug/L for CAR; 130 ug/L for THE, CYZ,
ATZ, and PRZ; 260 ug/L for AZO; and 390 ug/L for MET. All
the experiments were performed in triplicate (experimental)
and doublet reading (instrumental). The mean peak area
studies that may have impacts on the SALLE extraction ef-
ficiency were taken as instrument response when establishing
the optimum experimental conditions for the following pa-
rameter under study.

3.1.1. Selection of Extraction Organic Solvent. Selection of an
appropriate extraction solvent is the critical step in a SALLE
procedure. The organic solvents with the desired charac-
teristics such as high capability to dissolve the analyte,
miscibility with water, ease of inducing phase separation
upon addition of the appropriate salt and having good
chromatographic behavior were tested as extraction solvent.
Moreover, the solvent peak should not interfere with the
analyte peak under the selected HPLC conditions. In this
work, solvents such as MeOH, ACN, IPA, acetone, diethyl
ether, and ethyl acetate were tested. A series of experiments
were performed using a 5mL ultrapure water sample
containing 30% NaCl (m/v) and 2 mL of each organic sol-
vent with the exception of methanol and acetone, in which
the two phase systems were not observed. Similar obser-
vations were also noted for methanol and acetone and re-
ported in literature by other workers [20, 22, 50]. The reason
for the absence of phase separation in methanol could be due
to the high polarity of methanol caused by its hydroxyl group
and the hydrogen bond formed between this solvent and
water which as a result increases its solubility [51]. Figure 2
depicts the observed maximum peak area when ACN was
used as the extraction solvent. This might be attributed to its
closer polarity with water and its promising protein pre-
cipitation reagent for milk [52]. Additional advantages of
using ACN as an extraction solvent are its ability to extract
a wide range of compounds [53] caused by its higher polarity
and its less toxic and less harmful nature compared to other
common extraction solvents. These characteristics also make
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solution, 7.0; vortex agitation time, 1min; volume of each ex-
traction solvent, 2mlL; centrifugation speed, 4000 rpm for 5min;
n==06.

it more suitable from the viewpoint of green chemistry.
Thus, ACN is selected to be used as extraction solvent in
this study.

3.1.2. Volume of the Extraction Solvent Effect. The volume of
the extraction solvent is a very crucial parameter that in-
fluences the extraction performance of the SALLE technique
since it affects the amount of analyte solubility in the sample
solution [51]. Generally, the volume of extraction solvent
used should be as low as possible to achieve the highest
possible enrichment and the least toxicity hazards for en-
vironment. In this context, the influence of the ACN volume
on the extraction efficiency was investigated between 700
and 1800 yL. As shown in Figure 3, peak areas of all the
analytes increased with the volume of ACN from 700 to
1000 L and then decreased upon further increase in the
volume of the ACN. With low volumes, i.e., lower than
700 uL, the interface between the extraction solvent and the
aqueous phases was not clear, and collection of the organic
layer was found to be difficult. A decrease in extraction
efficiency above 1000 uL may be due to the dilution effect
resulting from the higher volume of the organic phase
obtained after extraction, and hence further higher volumes
were not performed [22]. Hence, based on the observed
experimental results, 1000uL ACN was selected as the
optimum volume in all the subsequent experiments.

3.1.3. Effects of the Salt Type. The solubility of both the
analytes as well as the extraction solvent in the aqueous
phase could be decreased by salt addition, and this in turn
enhances the analytes transfer into the organic phase
[44, 48]. As different salts have the capacity to cause different
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FiGure 3: Effect of extraction solvent volume. Extraction condi-
tions: sample size, 5 mL; extraction solvent, acetonitrile; amount of
salt added, 30% NaCl (m/v); pH of solution, 7.0; vortex agitation
time, 1 min; centrifugation speed, 4000 rpm for 5min; n=6.

degrees of phase separation [52], in this study, the effect was
evaluated by addition of the salts such as NaCl, (Na),SO,,
MgSO,, (NH,),SO,, and NH,CH;CO,, using 30% (m/v) of
each salt, as potential salting out agent. It was observed that
all salts could induce phase separation, but as it can be seen
from Figure 4, the highest instrumental response for all
analytes was obtained when MgSO, was used as the salting
out agent. This could be due to its high ionic strength per
unit concentration in the aqueous phase [43].

3.1.4. Effect of Salt Concentration. Varying salt concentra-
tions may cause the degrees of phase separation to vary
[43, 54]. A salting-out study was carried out by adding
different amounts of MgSO, in the range of 0.75 g-2.5¢g (or
15-50%, m/v) in the aqueous sample solution. It was shown
that in Figure 5, the peak area of the target analytes was
slightly increased as the concentration of the salt increases
from 1 g to 2 g. However, at higher concentrations, the peaks
were observed to slightly decrease for all the target analytes,
and thus 40% m/v (2 g) was chosen to be the optimum for the
following experiments. Similar quantities of this salt were
found to cause a significant salting-out effect in the SALLE
analytical method, reported in the literature and employed
for fruit juice, yogurt, and carbonated drink matrices
(41, 44].

3.1.5. Effect of Sample pH. In SALLE, the sample solution
pH also has a significant role on the extraction efficiency of
the multiclass pesticides, as it affects the extent of their
ionization as well as the solubility in aqueous media
[35, 51, 55]. The effect of this parameter was evaluated by
carrying out a series of experiments varying the pH values
from 3.0 to 9.0 in the aqueous solution. These pH values were
adjusted using HCI and NaOH. The experimental results
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Ficure 5: Effect of the amount of MgSO,. Extraction conditions:
sample size, 5mL; extraction solvent, acetonitrile; extraction sol-
vent volume, 1000 uL; salt type, MgSO,; pH of solution, 7.0; vortex
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obtained revealed that pH 8 was the optimum value, as
shown in Figure 6. This could mainly be associated with the
enhanced stability of the target analytes in the weakly al-
kaline solution, while they were easily degraded in acidic and
strongly alkaline environments [4]. Therefore, pH 8 was
selected as the optimum value for the subsequent studies.

3.1.6. Effect of Centrifugation Time. In SALLE procedures,
optimizing the time required for phase separation is also an
important analytical step, in order to obtain a clear extract
[44]. In order to establish the optimum conditions:
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FiGure 6: Effect of pH. Extraction conditions: sample size, 5mL;
extraction solvent, acetonitrile; extraction solvent volume, 1000 yL;
salt type, MgSO,; amount of MgSO, added, 40% (m/v); vortex
agitation time, 1min; centrifugation speed, 4000 rpm for 5min;
n==6.

centrifugation time was varied between 1 and 7 min, with
a 2 min interval, at a constant speed of 4000 rpm. Based on
the peak areas representing the target analytes, the highest
results were obtained at the centrifugation time of 5min
(shown in supplementary material Figure S1). Therefore,
centrifugation time of 5min was selected as the optimum
time for the subsequent studies.

3.1.7. Effect of Vortex Agitation Time. Mass transfer is
a time-dependent process and one of the most important
factors in most of the extraction procedures [44]. Vortex was
performed to strengthen the contact between acetonitrile
and the aqueous sample solution (i.e., influence the kinetics
of the extraction), thus facilitating the formation of the two-
phase system. Besides, in the present study, vortex agitation
was also employed to enhance the dissolution of the salting-
out salt. Therefore, a vortex time was evaluated in the range
of 0.25-4 min, at the maximum vortex speed, and thus
a slight increase of peaks was obtained when the vortex time
increased from 15 sec to 30 sec. This indicates that the dif-
fusion of pesticides from the sample to the acetonitrile
medium was found to require a short time. A decrease in
extraction efficiency after 30 sec (Figure 7) may be associated
to the back extraction. Thus, extraction time of 30 sec was
chosen in the present study.

3.2. Analytical Performance of the Proposed Method

3.2.1. Calibration Curves and Precision Study. The proposed
analytical method was validated through linearity and an-
alytical figures of merit under optimal conditions. Linearity
validation of the method was performed with the estab-
lishment of the linear calibration using external standard,
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Figure 7: Effect of the extraction time. Extraction conditions:
sample size, 5mL; extraction solvent, acetonitrile; extraction sol-
vent volume, 1000 yL; salt type, MgSO,; amount of MgSO, added,
40% (m/v); pH of solution, 8.0; centrifugation speed, 4000 rpm for
5min; n=6.

and the corresponding curves (supplementary information,
Figure S2) were generated by plotting the area of the analyte
peak against the standard concentration (ng/mL). Good
linearity, with a correlation coefficient >0.998 was obtained
for all the target analytes considered in this study over the
studied concentration range (Table 1). Individual chro-
matograms of the target analyte considered in this study are
given in Figure S3.

The precision of the proposed method was also evaluated
in terms of repeatability (intraday precision) and re-
producibility (interday precision). To study repeatability of
the method, pasteurized milk sample one (PSM) was spiked
with the mixture of seven pesticides at two concentration
levels (ug L™"): Level 1:10 for CAR; 15 for THE, CYZ, ATZ,
and PRZ; 30 for AZO; and 45 for MET, and Level 2:100 for
CAR; 130 for THE, CYZ, ATZ, and PRZ; 260 for AZO; and
390 for MET. The sample was extracted in triplicate and
injected in duplicate on the same day under the optimized
experimental conditions. The reproducibility of the method
was also validated using the same milk sample at concen-
tration values used above to evaluate reproducibility for four
consecutive days, following single extraction and injection.
As shown in Table 1, the RSD % of the method was in the
range of 1.97-7.88 for intraday and 4.52-8.04 for interday.
The results of the precision studies reveal that good re-
peatability and reproducibility (RSD <9) were achieved, thus
showing a low variability extraction technique [35, 56].

3.2.2. Sensitivity. The sensitivity of the method guaranteed
the detection and confirmation of pesticide residues in milk
found at levels below or above the limits of detection
(LODs). The calculations for LODs and limits of quantita-
tion (LOQs) were based on the standard deviation (o) of the
seven extraction responses of blank milk for each type of
milk samples and the slope of the calibration curve (S) using

equations 3 x ¢/S and 10 x /S, respectively [55]. The results
are given in Table 1, showing that the LODs ranged from
0.58 to 2.56 ng-mL ™" while LOQs from 1.95 to 8.51 ng-mL "

3.3. Applications of the SALLE Method to Real Milk Samples.
The suggested method’s accuracy was validated using three
real milk samples including pasteurized milk sample one
(PMM), pasteurized milk sample two (PSM), and raw sululta
milk sample (RSM). None of the tested milk samples pro-
duced signals corresponding to values above the LODs when
the unspiked sample was evaluated to determine whether the
seven selected target analytes were identified or not. The
observed results may indicate that the samples tested were
either free of pesticide residues or contained amounts below
the detected limits. The average relative recovery (RR%) of
each sample spiked at two concentration levels and extracted
in triplicate was used to determine the accuracy of the
proposed SALLE technique (Table 2). Relative recovery was
intended using the standard addition on the blank real
samples to evaluate the methods accuracy [21, 22, 35]. Mean
relative recoveries (RR %) at two concentration levels were
in the range of 85.9-108.8%, with %RSD <11.5 for the
studied milk samples. The results obtained for recovery were
in the acceptable range [56], indicating that the matrices of
milk samples have no intense effect on the performance of
the proposed method. Similar results were also reported by
other workers both for accuracy and precision for the
analysis of pesticides in the studied milk [35].

The chromatograms of the target multiclass pesticide
residues in the PSM milk sample before and after spiking at
concentration (level 2) used for precision study using the
developed SALLE methods are shown in Figure 8. The
separation of target analytes in the chromatogram obtained
using reversed-phase high-performance liquid chromatog-
raphy is in the order of their polarity in which the more polar
elute first and the less polar one retained more (Figure 1,
logK,,, value). The chromatograms selectivity was assessed
by comparing blank and fortified sample peaks. It is evident
from these chromatograms that absence of the chromato-
graphic peaks from coextracted components and is well
resolved for all analytes, demonstrating a high level of se-
lectivity at the same retention time as the target pesticides.
Therefore, the reported chromatogram endorses the selec-
tivity of the developed SALLE technique. The other milk
samples evaluated by this study also had the same profiles
(supplementary information, Figures S4 and S5).

3.4. Comparison of the Proposed Method to Other Previously
Reported Methods for the Analysis of Milk Samples. The
presented analytical method, i.e., SALLE-HPLC-DAD for
preconcentration and determination of multiclass pesticide
residues was compared with other methods reported in the
literature, such as dispersive liquid-liquid microextraction
with gas chromatography mass spectrometry (DLLME-GC-
MS) [17], solid-phase extraction with high performance
liquid chromatography coupled with ultraviolet detector
(SPE-HPLC-UV) [16], cloud point extraction with
HPLC-UV (CPE-HPLC-UV) [3], head space solid-
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TaBLE 2: Relative recovery (RR) values of the proposed method in the milk samples.
Analytes
Sample  Spiked level THE CYz CAR ATZ MET AZO PRZ
9%RR (%RSD, 7= 3)
PSM Level 1 95.7 (2.6) 93.0 (4.9) 92.8 (4.3) 87.7 (7.3) 90.2 (5.5) 92.8 (6.1) 108.8 (3.3)
Level 2 93.3 (4.2) 94.2 (3.0) 104.6 (5.5) 92.3 (8.0) 87.5 (4.8) 89.7 (5.4) 96.7 (2.7)
MM Level 1 97.9 (7.3) 93.2 (4.6) 91.7 (4.6) 87.9 (7.0) 91.6 (4.1) 85.9 (4.6) 108.3 (8.9)
Level 2 92.9 (7.0) 94.3 (3.1) 97.5 (5.0) 91.3 (3.4) 90.0 (4.0) 88.5 (7.0) 92.9 (3.3)
RSM Level 1 96.0 (7.8) 86.3 (8.9) 88.4 (11.4) 88.2 (8.4) 85.3 (10.3) 88.6 (5.2) 94.2 (11.3)
Level 2 97.1 (10.6) 91.6 (6.2) 97.0 (8.0) 92.5 (5.1) 92.8 (9.2) 87.1 (6.2) 89.5 (10.9)

PSM, pasteurized milk sample one; PMM, pasteurized milk sample two; and RSM, raw sululta milk sample. Level 1:10 ug/L for CAR; 15 ug/L for THE, CYZ,
ATZ, and PRZ; 30 ug/L for AZO; 45 ug/L for MET. Level 2:100 ug/L for CAR; 130 ug/L for THE, CYZ, ATZ, and PRZ; 260 ug/L for AZO; 390 ug/L for MET.
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F1GURE 8: Typical chromatograms of blank (a), unspiked (b), and spiked (c) PSM milk samples at a concentration level 2 (100 ug/L for CAR;
130 ug/L for THE, CYZ, ATZ, and PRZ; 260 pug/L for AZO; 390 ug/L for MET). Extraction conditions: sample size, 5 mL; extraction solvent,
acetonitrile; extraction solvent volume, 1000 uL; salt type, MgSO,4; amount of MgSO, added, 40% (m/v); extraction time, 0.5 min; pH of
solution, 8.0; centrifugation speed, 4000 rpm for 5min. Peaks identifications: 1, thiamethoxam; 2, cyanazine; 3, carbrayl; 4, atrazine; 5,

methidathion; 6, azoxystrobin; 7, propazine.

phasemicroextraction with GC-MS (HS-SPME-GC-MS) [33],
quick, easy, cheap, effective, rugged, and safe (QUEChERS)
coupled with HPLC and diode array detector (QUEChERS-
HPLC-DAD) [14], and dispersive solid-phase extraction
combined DLLME with HPLC-DAD (DSPE-DLLME-HPLC-
DAD) [57], and the results are shown in Table 3. As can be
seen, in terms of the LODs, precisions and accuracy of the
present method were better than or comparable to those of the

other methods applied for extraction of pesticides from the
same type of matrices, i.e., milk sample. For HS-SPME [33] and
SPE [16] methods, there may be the problem of facing sample
carryover effects which leads to false-positive results. The
proposed SALLE is simple, and unlike the SPE method, it does
not require multisteps conditioning, washing, loading, and
elution [5, 6]. In addition, the proposed method is found to use
simpler equipment and exhibits a wider linear range, integrated
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TaBLE 3: Comparison of the proposed method with other methods applied for the extraction and determination of pesticides in milk

samples.

Methods Detection Extraction time (min) LR (ug L™") LOD (ug L") RSD RR Ref.
CPE HPLC-UV 30 50-2000 6.79-11.2 1.41-5.99 70.5-96.9 (3]
QuEChERS HPLC-DAD 1 — 20-60 1-23 35-131 [14]
SPE HPLC-UV 20 1-320 0.12-0.40 5.1-6.3 86-110 [16]
DLLME GC-MS 0.5 2-1000 0.9-5.0 1.02-4.18 86.15-112.45 [17]
HS-SPME GC-MS 45 6.5-56 2.2-10.9 6.1-29.5 — [33]
DSPE-DLLME HPLC-DAD 11 0.57-1000 0.17-0.36 3.3-7.2 79-92 [56]
SALLE HPLC-DAD 0.5 2-1500 0.58-2.56 1.97-8.04 85.9-108.8 This work

“—”, not reported.

pretreatment and preconcentration in a single step, which
would make the procedure simpler, cost-effective, time saving,
and eco-friendly.

4. Conclusions

In this study, the SALLE-HPLC-DAD analytical technique,
that is, simple, fast, and green, was developed and optimized for
routine monitoring and quantitative determination of seven
multiclass pesticide residues with a wide range of physico-
chemical properties including methidathion, atrazine, azox-
ystrobin, cyanazine, carbrayl, thiamethoxam, and propazine in
samples of raw and pasteurized milk. Compared with more
traditional extraction techniques like LLE and SPE, this method
uses a significantly smaller extraction solvent and sample
volume. For all of the experimental factors taken into account
during the investigation, the approach was optimized utilizing
univariate methods. The optimized method offers sufficient
accuracy, precision, linearity, and sensitivity under optimum
extraction conditions in a short extraction time. No matrix
interferences were coextracted or seen in the analysis at their
respective retention times while this method was being used to
extract trace-level pesticides from milk samples. Comparatively
to other reported research that used hazardous halogenated
organic solvents as extraction solvents, the extraction solvents
used in the current extraction approach are more environ-
mentally benign. As a result, the trace level enrichment of
multiclass pesticides using the SALLE analytical technique
could be thought of as a good alternative for selective and
sensitive extraction and practical assessment of multiclass
pesticide residues in milk as well as enrichment of other trace
compounds in complex samples in routine laboratory analysis.
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Supplementary Materials

Figure S1: effect of centrifugation time. Extraction condi-
tions: sample size, 5mL; extraction solvent, acetonitrile;
extraction solvent volume, 1000uL; salt type, MgSOy;
amount of MgSO, added, 40% (m/v); extraction time,
0.5min; pH of solution, 8.0; and centrifugation speed,
4000 rpm; n=6. Figure S2: calibration curve of (a) thia-
methoxam, (b) cyanazine, (c) carbrayl, (d) atrazine, (e)
methidathion, (f) azoxystrobin, and (g) propazine. Figure
S3: chromatograms of individual pesticides: (1) thiame-
thoxam; (2) cyanazine; (3) carbrayl; (4) atrazine; (5)
methidathion; (6) azoxystrobin; and (7) propazine. Figure
S4: typical chromatograms of blank (A), unspiked (B), and
spiked (C) PMM milk sample at concentration level 2
(100 pg/L for CAR; 130 ug/L for THE, CYZ, ATZ, and PRZ;
260 ug/L for AZO; and 390ug/L for MET). Extraction
conditions: sample size, 5mL; extraction solvent, acetoni-
trile; extraction solvent volume, 1000 uL; salt type, MgSOy;
amount of MgSO, added, 40% (m/v); extraction time,
0.5min; pH of solution, 8.0; and centrifugation speed,
4000 rpm for 5 min. Peaks identifications: (1) thiamethoxam;
(2) cyanazine; (3) carbrayl; (4) atrazine; (5) methidathion;
(6) azoxystrobin; and (7) propazine. Figure S5: typical
chromatograms of blank (A), unspiked (B), and spiked (C)
RSM milk sample concentration level 2 (100 ug/L for CAR;
130 ug/L for THE, CYZ, ATZ, and PRZ; 260 ug/L for AZO;
and 390 ug/L for MET). Extraction conditions: sample size,
5mL; extraction solvent, acetonitrile; extraction solvent
volume, 1000 uL; salt type, MgSO4 amount of MgSO,
added, 40% (m/v); extraction time, 0.5 min; pH of solution,
8.0; and centrifugation speed, 4000 rpm for 5min. Peaks
identifications: (1) thiamethoxam; (2) cyanazine; (3) car-
brayl; (4) atrazine; (5) methidathion; (6) azoxystrobin; (7)
propazine. (Supplementary Materials)
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ABSTRACT

High density dispersive liquid—liquid microextraction method coupled high-performance liquid
chromatography with diode array detector (HD-DLLME-HPLC-DAD) was developed for extraction
and determination of six commonly used sulfonylurea herbicides in matrices of environmental waters.
For simultaneous extraction of target herbicides, the optimum experimental parameters that influenced
extraction efficiency were investigated. Under optimized conditions, low limits of detection (LODs) in
the range of 0.8—1.5 ng mL ™%, and limits of quantification (LOQ) in the range of 1.9-5.1 ng mL™* were
obtained. The precisions in terms of relative standard deviations (% RSDs) of intra-day (n = 6) and inter-
day (n = 9) were found to be 3.01 to 8.36 and 2.92 to 9.78, respectively. Furthermore, applicability of
developed method was investigated by analyzing tap, lake, river and underground water samples spiked
and satisfactory recoveries were obtained in the range of 84.3-101.7% with RSDs < 9.8% (n=6) and the
target analytes were not detected in real samples. The proposed method offered a number of attractive
features of fast analysis time, simplicity, sensitivity, and selectivity. Therefore, the trace level
enrichment and assessment of sulfonylurea herbicides residues from environmental water matrices using

HPLC-DAD could be utilized as reliable alternative in regular laboratory analysis.

KEYWORDS: Environmental water, High density dispersive liquid-liquid microextraction, HPLC-

DAD, Miniaturization analytical technique, Sulfonylurea herbicides, Trace level enrichment.



INTRODUCTION
Sulfonylurea herbicides, a large family of herbicides used extensively in agriculture, have gained quite
significant attention all around the world due to their broad-spectrum and high herbicidal activity at low
dosage application rates (10-40 g ha), good crop selectivity, and low mammalian toxicity as a result of
their low application rates [1, 2]. Depending on the pH, sulfonylurea herbicides (SUHs) which are
susceptible to contraction of the sulfonylurea linkage degrade in water 10 t01000 times faster than the
others [3]. In addition, although the application rates are low, due to relatively high solubility in water
and moderate to high mobility, these herbicides may result in leaching into deeper soil and potentially
entering surface waters [4, 5]. Despite the fact that sulfonylurea herbicides rapidly decompose in water
and soil due to their thermal and chemical instabilities, they still exist in some situations at a trace level
[6] and are being detected in surface and ground waters [7, 8]. Therefore, the presence of significant
levels of pesticide residues in environmental matrices has emerged to pose serious environmental and

human health problems [9, 10].

The need to develop a reliable analytical method for identifying and determining the presence of SUH
residues in environmental and food samples derives from the possibility that SUH residues in the
environment could be harmful to animals and plants. Several analytical techniques developed for
determining their residues including gas chromatography coupled with mass spectrometry (GC-MS)
[11], high performance liquid chromatography equipped with multi wavelength or ultraviolet detector
(HPLC-DAD/UV) [1, 12-15], HPLC coupled to tandem mass spectrometry (HPLC-MS/MS)[1, 3, 7,
16], and HPLC coupled to mass spectrometry (HPLC-MS) [17], etc have successfully been applied.
Since most of SUHs are unstable at high temperature, a time consuming procedure of sample
derivatization or hydroxylation was required prior to analysis with gas chromatography, which limited
the application of these detection methods in determination of SUHs. HPLC-UV/DAD and HPLC-MS
can be used directly for analysis without derivatization, despite the volatility or heat stability of these
analytes. HPLC-UV/DAD is a fast, simple, easy to use and widely available technique, which is usually

chosen in the determination of SUHSs.

Since the occurrence of SUHs in the environmental samples is at a trace level, the sample pretreatment
is needed to extract and enrich them before analysis. Liquid-liquid extraction (LLE) [18, 19] and solid
phase extraction (SPE) [7, 8, 15] were the most commonly used techniques in sample pretreatments.

LLE can offer high reproducibility and high sample capacity, but suffer from the disadvantages of



requiring long processing time and utilize large volume of sample and also use large quantity toxic
organic solvents. SPE can overcome some disadvantages of LLE such as high consumption of both
sample and organic solvent, but it also requires longer experimental time because of column
conditioning, washing, loading and elution. On the other hand, sorbent ready to use in SPE is relatively
expensive, the problem associated to the sample carry over effect which causes increased cost of sample
handling and identifying appropriate sorbents during multiclass trace level analysis [20, 21].

To prevent crop loss and improve the quality of the final product, pesticides are purposefully applied to
crops. The produce still contains trace pesticide residues, which eventually threaten human health. To
deal with the increasing utilization of pesticides, there were quite a number of research conducted on
the effects of these chemicals on human health and the environment, as the result legislation are
continually being developed, revised and issued. Environmental issues and the high costs of pesticide
residue monitoring programs motivate analytical chemists to develop new and improve existing
methods. The sample size, cost, and time were reduced by the use of miniaturization methods, which

are also safe for the entire environment.

Very recently large group of researches [22, 23] have been focused and committed on the development
of efficient, inexpensive, automated, and miniaturized extraction techniques that might substantially
reduce consumption of toxic organic solvents. To this end, single drop microextraction (SDME) [24],
hollow-fiber liquid phase microextraction (HF-LPME) [12, 25] and solid phase microextraction (SPME)
[26, 27] techniques significantly minimized and working towards avoiding the use of organic solvents
in sample preparation procedures. However, SPME is expensive, fiber is fragile, has a short lifetime and
takes a long time to condition the sorbent [27]. Despite its ease of use and effectiveness, SDME is merely
used for laboratory research due to its drop instability and the main drawbacks of HF-LPME are poor

reproducibility and lengthy equilibration times [21].

To overcome these limitations, Assadi and coworkers developed dispersive liquid-liquid
microextraction (DLLME) technique [28]. It is a modified version of solvent extraction which has the
ability of enhancing enrichment intensely, and contains very small amount of toxic solvent used and is
the technique in which acceptor to donor phase ratio is greatly reduced compared to other methods used

for similar purposes [23, 29, 30]. The extraction and dispersive solvents are promptly injected into the



agueous sample to create a cloudy solution, which is an essential component of the trace enrichment
principle in DLLME. Due to high surface interactions between the droplets of the extraction solvent and
aqueous sample solution, extraction equilibrium is quickly attained [22, 31]. Furthermore, as a
microextraction technique, DLLME provides features such as ease of use, fast, cost-effectiveness, high
recovery, and the use of inexpensive, widely accessible laboratory supplies [32]. The technique has
commonly been used to extract trace levels of pesticides ever since it was first introduced, mostly from
water samples [29, 33—-35], foods [36—-38], and especially from juices and vegetables [39, 40]. However,
there are very few literature reports on application of the technique for determination of SUHs in waters
and none on the use of high density solvent based dispersive liquid-liquid microextraction (HD-
DLLME), for simultaneous extraction of these six target SUH residues (metsulfuron-methyl,
chlorosulfuron, niclosulfuron, prosulfuron, flazasulfuron and chlorimuron-ethyl) from environmental
water samples of different sources. Hence, the objective of this study was to develop, optimize and
assess the accuracy and applicability of the method by employing the simplicity and high efficiency of
HD-DLLME for trace extraction and enrichment of selected six sulfonylurea pesticide residues in the

matrices of environmental waters ( tap, underground, lake, and river) prior to chromatographic analysis.

EXPERIMENTAL

Chemicals and reagents

Analytical standards of metsulfuron-methyl (MSM), chlorosulfuron (CS), niclosulfuron (NS), and
prosulfuron (PS) were obtained from Sigma-Aldrich (St. Louis, MO, USA). Flazasulfuron (FS) and
chlorimuron-ethyl (CME) were purchased from Chem Service Inc. (West Chester, USA). All the
standards were of the highest purity, i.e., > 97 %. Other chemicals used in the study were also of
analytical grade reagents while the solvents utilized including acetonitrile (ACN) and acetone, acquired
from Sigma Aldrich (Steinheim, Germany), methanol (MeOH) received from Carlo Erba (Rodano, Italy)
and isopropanol (IPA) and chloroform are the product of Sigma Aldrich (Seelze, Germany) were of
HPLC grade reagents. Dichloroethane was the product of avocado research chemicals Ltd. (Cheshire,
UK). Common chemicals such as NaCl was obtained from Sigma-Aldrich (Steinheim, Germany) and
sodium hydroxide (NaOH) was the product of Merck Chemicals (Darmstadt, Germ any). Hydrochloric
acid (HCI) was purchased from Sigma Aldrich (St. Louis, MO, USA). Ultrapure water was obtained by



purifying with double distiller, A 8000 Aquatron water Still (Bibby Scientific, Staffordshire, UK) and
deionizer (EASY Pure LF, Dubuque).

Instruments and equipment

Chromatographic analyses were carried out using Agilent 1200 series HPLC system (Agilent
Technologies, Waldbronn, Germany) outfitted with a quaternary pump, vacuum degasser, standard and
preparative autosampler, thermostat column compartment, autosampler thermostat, and a diode array
multiple wavelength detector. LC Chemstation software (B.02, 01-SR1) were used for sample
processing, and data acquisition. Chromatographic separation was performed using a ZORBAX ODS-
Cis (150 x 3 mm, i.d., 3.5 pm particle size) analytical column from Agilent Technologies. The sample
solution pH was measured using Adwa pH meter, model 1020, made by Adwa Hungary Kft, in Szeged,
Hungary. For sample preparation, XW-80A vortex, Jing Industrial Co., Ltd. (Shanghai, China), a
centrifuge, Model 80-2, Jiangsu Zhenji instruments Co., Ltd. (Jiangsu, China), a 15 mL centrifuge tube,

Corning integrated (Corning, NY, Mexico), and ultrasonic heater, Dacon®, were utilized.

Chromatographic conditions

Chromatographic separations were achieved using isocratic delivery mode with binary mobile phase, of
both containing 0.01% acetic acid, i.e., solvent A (ultrapure water) and solvent B (Acetonitrile) ina 1:1
volume ratio. Prior to the sample injection, the HPLC column was equilibrated with the mobile phase
for 15 min. Analysis was performed with the flow rate of 1 mL/min, column temperature at 30°C,
injection volume of 15 pL and UV detection was performed at 230 nm with bandwidth of 4 in reference
to wavelength 360 nm having bandwidth 100 for all the target analytes. Peak area was used as
instrumental response and for comparison of the responses. Under these chromatographic conditions,

baseline separation was maintained for all the target analytes in 8 min run time.

Standard solution preparation

The stock standard solution of each target analyte, with the concentration of 500 pg/mL, was prepared
by weighing 12.5 mg and dissolving with acetonitrile (ACN) in 25 mL volumetric flask. Intermediate
standard solutions of 20 ug/mL was obtained by diluting the stock solution with ACN. Other working
solutions of lower concentrations were prepared from the intermediate solution in the same solvent. All

standard solutions were stored in the refrigerator at 4°C, when not in use. The chemical structures,



common names, abbreviations and the octanol water partition coefficient (log Kow) at pH 7 and 20°C,

and other relevant physicochemical properties of the target pesticides are shown in Table 1.

Table 1. Physicochemical properties of target analytes of the sulfonylurea herbicides [5].

Name Structure Solubility, mg/L pKa log Kow (pH 7)
(25°C, pH 7)
Metsulfuron-methyl N Ho 2790 33 1.74
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Environmental water samples

Various types of environmental water samples were collected from Bishoftu town which is found in

Oromia regional state, Ethiopia with geographical location 8°44°40°°N latitude and 38°59°9°’E longitude

at an altitude of 1925 meters above sea level. Samples of Hora lake water, tap water, and underground

water were collected from this area. River water was also collected from an area located 10 km away

from Bishoftu town, Mojo River, where more than 15 floriculture industries established around and

effluents of floriculture industries are directly discharged to the river. Before analysis, each water sample




was filtered through 0.45 um micropore membrane filter and then stored in a polyvinyl chloride bottles,

in a refrigerator, for a maximum of 24 h at 4°C without any further sample pretreatment.

HD-DLLME extraction procedure

Water samples were filtered through Whatman filter paper and 5 mL portions of each type of water
sample, adjusted to pH 2, was measured and transferred into a 15 mL falcon tube with conical bottom.
Afterwards, it was fortified with appropriate amount of mixture of each target analytes and left to stand
for about 15 min for equilibration. Then, before using the sample for DLLME, aqueous solution of 15%
(w/v) NH4AC (ammonium acetate) was added and vortex agitated for 1.5 min to dissolve in water
sample. Subsequently, the organic phase consisting of a mixture of 800 uL MeOH and 175 pL
dichloroethane was injected into the sample solution with 2 mL syringe. The mixture was vortexed for
0.5 min at the highest speed followed by centrifugation of the content at 4,000 rpm for 5 min to enhance
sedimentation of the fine organic droplets. The organic phase of the sediment was carefully removed
using 1 mL syringe, transferred to a 1.5 mL glass vial, and allowed to air dry at room temperature. The
residue was ultimately redissolved in 300 puL of solvent containing 0.01% acetic acid and 0.01% acetic
acid acetonitrile (1:1, v/v) mixture, followed by vortexing for 1 min. The resulting solution was
subsequently filtered with a 0.22-um nylon filter and transferred to 1.5 mL vial and finally placed on
the autosampler from which, 15 pL solution was injected into the HPLC and determination of the target

analytes were achieved.

RESULTS AND DISCUSSIONS

Parameter Optimization

The most important variables that affect extraction efficiency, such as sample pH, ionic strength, and
vortex (extraction time), as well as the type and volume of extraction and dispersive solvents, were
investigated to determine the optimal conditions using the univariate approach. By adding 200 ng/mL
working standard solutions to 5 mL of ultrapure water, each experiment was carried out at least in
triplicate. The average peak areas of the replicate analyses were taken into account to assess the impact
of experimental circumstances on the extraction efficiency in any given procedure. Preliminary
experimental results and review of related literatures were used to determine quantitative value ranges

of parameters optimization.



Influence of extraction solvent type

To achieve a successful extraction in the DLLME process, the choice of the appropriate extraction
solvent is of utmost significance. When injected into the aqueous solution, the chosen solvent should
have a density greater than water, produce a stable two phase system in the presence of a dispersive
solvent, and demonstrate strong extraction capability for the target analytes [37]. In the present study,
four organic solvents such as chloroform, dichloromethane, dichloroethane and chlorobenzene were
tested by injecting a mixture of equal volume of each of these alternative extraction solvents and the
same amount of methanol as dispersive solvent. It was observed that for all organic extraction solvents
a phase separation were achieved. However the,-highest peak area for most target analytes were obtained
with dichloroethane as shown in Figure 1. Therefore, dichloroethane was chosen as extraction solvent

for further studies.
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Figure 1. Effect of extraction solvent type. Extraction conditions: sample size, 5 mL; dispersive solvent,
methanol; dispersive solvent volume, 800 L ; salt type and amount added, NH4AC (15% m/v); pH of
solution, 2.0; vortex agitation time, 0.5 min; volume of extraction solvent, 800 uL; centrifugation speed

4000 rpm for 5 min; n=3.



Effect of extraction solvent volume

The effect of extraction solvent volume on the extraction efficiency was evaluated by varying the volume
in the range of 50-200 pL, while other experimental parameters were kept constant. It was observed that
the extraction efficiency of DLLME procedure was meaningfully affected by the volume of extracting
solvent. As can be seen in Figure 2, the peak area of all the target analytes increased with the volume of
dichloroethane up to 175 uL, then decreased for higher value, i.e., 200 uL which may be due to dilution
effect of the sediment phase of extraction solvent [41]. Thus, 175 uL was selected as optimum volume

of extraction solvent.
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Figure 2. Effect of extraction solvent volume. Extraction conditions: sample size, 5 mL; Extraction
solvent, dichloroethane; dispersive solvent, methanol; dispersive solvent volume, 800 uL; salt type and
amount added, NH4AC (15% m/v); pH of solution, 2.0; vortex agitation time, 0.5 min; centrifugation

speed, 4000 rpm for 5 min; n = 3.

Selection of dispersive solvent type

The type of dispersive solvent was studied to get the optimum extraction efficiency. Dispersive solvents
often need to be miscible with the extraction solvent as well as the sample solution [35, 37]. In the
current study, four solvents including methanol (MeOH), isopropanol (IPA), acetone and acetonitrile

(ACN) were evaluated. The highest peak areas for all the SUHs were obtained with MeOH followed by

10



IPA (Figure 3). This phenomenon could be due to the high polarity of these solvents caused by their
hydroxyl group and the hydrogen bond formed between these solvents with dichloroethane and water
which as a result increases their miscibility in extraction solvent and the sample solution [42]. The same
solvent was also reported as dispersive for extraction of SUs from wine, water and soil samples [14, 43].

Therefore, MeOH was thus chosen as dispersive solvent in this studies.
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Figure 3. Effect of dispersive solvent type. Extraction conditions: Sample size, 5 mL; extraction solvent,
dichloroethane; extraction solvent volume, 175 pL; dispersive solvent volume, 800 uL; salt type and
amount added, NHsAC (15% m/v); pH of solution, 2.0; vortex agitation time, 0.5 min; centrifugation
speed, 4000 rpm for 5 min; n = 3.

Effect of dispersive solvent volume

Dispersive solvent volume is another crucial factor that affects the solubility of the extraction solvent in
the aqueous sample and thus, can affect the extraction efficiency of the target analytes [9]. The volume
of methanol tested was varied in the range of 600-1200 puL with 200 uL interval. As can be seen in
Figure 4, the extraction efficiency increases with the volume of methanol up to 800 uL and then
decreases at higher volumes. The most probable reason could be associated to the solvent volume, i.e.,
at low dispersive solvent volume, the organic extractant sediment phase might not be formed properly,
giving a low peak area. On the other hand, the use of a higher volume of methanol could enhance the

solubility of the analytes into the aqueous phase due to the increase of partitioning of the dispersive
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solvent in the aqueous sample, leading to lower extraction efficiencies [31]. Based on the experimental

results, 800 uL methanol was chosen as optimum.
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Figure 4. Effect of dispersive solvent volume. Extraction conditions: Sample size, 5 mL; extraction
solvent, dichloroethane; extraction solvent volume, 175 pL; dispersive solvent, methanol; salt type and
amount added, NH4AC (15% m/v); pH of solution, 2.0; vortex agitation time, 0.5 min; centrifugation

speed, 4000 rpm for 5 min; n = 3.

Sample solution pH

The pH of the agqueous sample solution is a crucial aspect to take into account for acidic or basic analytes.
The SUHSs used during this investigation are slightly acidic compounds, with pKa values ranging from
3.6t0 5.2 [36]. Therefore, to convert them into their neutral forms and enhance the affinity of the analytes
for the extraction solvent, pH of the aqueous solution must be lower than their pKa values [1]. Hence,
the impact of sample pH was considered and optimized over the range 1-5, keeping the other
experimental parameters constant. In a more acidic solution, however, lower peak areas were observed
probably due to the fact that a very acidic pH could accelerate hydrolysis of the pesticide compounds
[2]. The results indicated that the peak area increases when pH raises from 1 to 2 and then decreases by
increasing pH from 2 to 5 (Figure 5). At higher pH, the target analytes might not be completely
transformed to their neutral forms and thus complete transfer of the analytes from the sample solution
to the organic phase may not be achieved. As a consequence, in the next experiments the pH of sample

solutions were set at 2.0. Similar findings were also reported by other workers [14, 44].
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Figure 5. Effect of pH value. Extraction conditions: Sample size, 5 mL; extraction solvent,
dichloroethane; extraction solvent volume, 175 pL; dispersive solvent, methanol; dispersive solvent
volume, 800 pL; salt type and amount added, NHsAC (15% m/v); vortex agitation time, 0.5 min;
centrifugation speed, 4000 rpm for 5 min; n = 3.

Effects of the salt type

Solubility of both the analytes as well as the extraction solvent in the aqueous phase could be decreased
by salt addition and this in turn enhances the analytes transfer into the organic phase [34]. As different
salts have the capacity to cause different degrees of phase separation [45], in this study, the effect was
evaluated by addition of the different salts such as NaCl, (Na)2SO4, MgSO4, and ammonium acetate
(NH4AC), using 15% (m/v) of each salt, as potential salting out agent. It was observed that except
(Na)2SO4 other salts induce very clear phase separation, but as it can be seen in Figure 6, the highest
instrumental response for all of the analytes were obtained when NH4AC was used as the salting out

agent.
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Figure 6. Effect of salt type. Extraction conditions: sample size, 5 mL; extraction solvent,
dichloroethane; extraction solvent volume, 175 pL; dispersive solvent, methanol; dispersive solvent
volume, 800 uL; pH of solution, 2.0; amount of salt added, 15% (m/v); vortex agitation time, 0.5 min;
centrifugation speed, 4000 rpm for 5 min; n = 3.

Effect of salt concentration

Appropriate quantity of inorganic salts can improve extraction efficiency by increasing the polarity of
the water phase and reducing solubility of the target analytes in the aqueous phase [34]. Varying salt
concentrations may cause the degrees of phase separation to vary [32]. A salting out study was carried
out by adding different amounts of NH4AC in the range of 0.5-1.5 g (or 10-25%, m/v), in the aqueous
sample solution. It was shown that in Figure 7, the peak area of the target analytes were increased as
the concentration of the salt increases from 0.5 — 0.75 g. However, at higher concentrations, the peaks
were observed to decrease slightly for all the target analytes and, thus 15 % m/v (0.75 g) was chosen to
be the optimum for the subsequent experiments. Excessive inorganic salts will increase the viscosity of
the solution, resulting in a lower diffusion coefficient and further reducing the extraction efficiency of

the target analytes.
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Figure 7. Effect of the salt amount. Extraction conditions: sample size, 5 mL; extraction solvent,
dichloroethane; extraction solvent volume, 175 pL; dispersive solvent, methanol; dispersive solvent
volume, 800 pL; pH of solution, 2.0; salt type, NH4AC; vortex agitation time, 0.5 min; centrifugation
speed 4000 rpm for 5 min; n = 3.

The influence of vortex time on the extraction

In order to speed up the production of turbid dichloroethane solution, vortex agitation is primarily used.
This study investigated the extraction efficiency as a function of vortex time, which was increased from
0.25 to 2 min with intervals of 0.5 min while maintaining a constant vortex rotation speed. The highest
extraction efficiency was attained for most analytes after 0.5 min of vortex duration. The high contact
surface between the extractant and the agueous sample may have contributed for this rapid equilibriums
achievement [31]. However, as the vortex time was extended, there was little to no noticeable difference
as results of these experiment, as were also represented in Figure 8. Thus, a vortex time of 0.5 min was

found to be the optimum extraction time.
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Figure 8. Effect of extraction time. Extraction conditions: sample size, 5 mL; extraction solvent,
dichloroethane; extraction solvent volume, 175 pL; dispersive solvent, methanol; dispersive solvent
volume, 800 uL; pH of solution, 2.0; salt type and amount, NH4AC (15% m/v); centrifugation speed
4000 rpm for 5 min; n = 3.

Analytical performance of the proposed method

Before applying the whole procedure to real samples, all the crucial analytical parameters were
determined for each pesticide studied such as the linear range (LR), the correlation coefficient (r?), the
limits of detection (LODs), the limits of quantification (LOQs), the inter and intra-day precisions. The
entire procedure was tested for real sample solutions, i.e. lake, river, underground and tap waters. But,
precision study of the river water was taken as the model representative of all real water samples after
spiking with two concentration levels (Level 1 and Level 2; as shown in Table 2) of the working standard
solution. The solutions were separately processed according to the DLLME procedure and HPLC-DAD

analysis stated in the experimental section.

Calibration curves and precision study

Under optimal conditions, analytical figures of merit were used to validate the proposed analytical
methodology. The methods linearity was validated via linear calibration obtained by fortification of each

real sample with standard solutions, and the corresponding curves were generated by plotting analyte
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extract peak areas against the standard concentration between 2.5 and 1000 (ng/mL). All of the target
analytes taken into account in this study has shown good linearity, with correlation coefficients > 0.997
(Table 2).

The repeatability (intra-day precision) and reproducibility (inter-day precision) of the proposed method
precision were also assessed. River water was spiked with a mixture of six SUHSs at two concentration
levels (ug/L): Level 1: 65 for CS and MSM; 95 for NS; 125 for FS, PS, and CME; and Level 2: 130 for
CSand MSM; 190 for NS; 250 for FS, PS, and CME in order to evaluate the repeatability of the method.
Under the optimal experimental conditions, the sample was extracted in triplicate and injected in
duplicate the same day. Using the same concentration levels for three consecutive days, following a
single extraction and injection, the same water sample that was used to evaluate repeatability was used
to validate the method reproducibility. As seen in Table 2, the method precisions for intra-day and inter-
day ranged from 3.01 to 8.36 and 2.92 to 9.78, respectively, in terms of relative standard deviations
(RSDs%). The experimental findings of precision that were attained for repeatability and reproducibility

(RSDs < 9.8%), demonstrating a low variability extraction method.

Sensitivity

The sensitivity of the method guaranteed the detection and confirmation of SUHSs residues in water
found at levels below or above the limits of detection (LODs). The limits of detection (LOD) and
quantification (LOQ) were determined as the lowest concentration yielding a signal-to-noise (S/N) ratio
of 3 and 10, respectively. The results are given in Table 2, showing that the LODs ranged from 0.8 to
1.5 ng mL* while LOQs from 1.9 to 5.1 ng mL ™.

17



Table 2. Analytical figures of merit for the DLLME technique combined with HPLC-DAD for sulfonyl

urea herbicide residues under study.

Analyte | LR? LOD? LOQ?* |r? Level 1 Level 2
RSD® | RSD¢ | RSDP |RSD¢

NS 4.5-750 11 3.2 0.9986 412 8.69 4.34 7.86
MSM 3-500 0.8 2.5 0.9979 531 9.78 7.90 7.17
CS 3-500 0.9 2.8 0.9994 4.7 5.22 5.15 2.92
FS 6-1000 15 51 0.9992 8.36 7.35 8.13 6.12
PS 2.5-500 0.8 1.9 0.9986 3.01 9.25 3.72 6.91
CME 6-750 1.2 3.8 0.9998 415 9.21 4.80 7.83

Level 1: 65 pg/L for CS and MSM; 95 pg/L for NS; 125 ug/L for FS, PS, and CME.
Level 2: 130 pg/L for CS and MSM; 190 pg/L for NS; 250 pg/L for FS, PS, and CME.
LR?, LOD? and LOQ? (ng/mL); RSD®: intra-day precision (n = 6); RSD®: inter-day precision (n = 9).

Applications of the DLLME method to real environmental water samples

Four environmental water samples, including underground, river, lake, and tape water, were used to
validate the proposed methods accuracy. When the unspiked sample was analyzed to see if the six
chosen target SUHs were found or not, none of the tested water samples exhibited signals corresponding
to values above the LODs. The results that were obtained could mean that the tested samples were either
free of pesticide residues or contained levels that were below the detectable limits. The accuracy of the
presented method was assessed using the average relative recovery (RR%) of each sample spiked at two
concentration levels and extracted in triplicate (Table 3). To evaluate the accuracy of the methods,
relative recovery was determined using peak area ratio of each analyte after extraction with proposed
method to peak area of the standard solution for the same two concentration levels (Table 3). For the
analyzed water samples, RR% at two concentration levels ranged from 84.3 to 101.7, with %RSD < 9.8.
The results obtained for recovery were indicating that the matrices of water samples have no significant

effect on performance of the proposed method.
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Table 3. Relative recovery (RR) values of the proposed method in environmental water samples.

Water sample | Spiked Analytes

level NS MSM CS FS PS CME

%RR (%RSD, n = 3)

Underground | Level 1 | 87.9(7.4) |89.2(9.3) |86.6(9.2) |89.6(8.9) 86.4(5.2) |88.9(9.8)

Level 2 | 925(8.4) |87.2(3.1) |95.0(4.2) |97.1(4.3) 91.6(4.7) | 91.1(5.3)

River Level 1 | 89.0(6.5) |86.3(4.9) |89.9(6.6) |90.2(5.0) 89.1(4.7) |85.9(8.8)
Level 2 | 84.3(5.4) |88.7(35) |90.8(1.6) |89.3(2.15) |84.4(8.3) | 93.1(4.2)
Tape Level 1 | 96.0(3.1) |91.9(22) |94.6(42) |94.8(5.3) 95.1(2.7) | 96.1(2.6)
Level 2 | 96.2(2.5) |93.7(55) |925(6.7) |87.5(6.4) 97.9(1.2) | 97.5(7.4)
Lake Level 1 | 93.49(4.9) | 89.3(35) |90.9(6.4) | 101.7(3.6) | 93.7(4.7) | 92.4(2.9)

Level 2 | 89.1(2.4) |92.4(3.1) |94.8(2.8) | 99.1(6.6) 92.3(5.6) | 93.1(4.1)

Level 1: 65 pg/L for CS and MSM; 95 pg/L for NS; 125 ug/L for FS, PS, and CME.
Level 2: 130 pg/L for CS and MSM; 190 pg/L for NS; 250 pg/L for FS, PS, and CME.

The chromatograms of the target SUH residues in the river water sample before and after spiking at
concentration (level 2) utilized for precision study using the developed methods are displayed in Figure
9. By comparing the peaks of the fortified and blank samples, selectivity was evaluated. These
chromatograms clearly show the absence of the chromatographic peak from co-extracted components and
that they are well resolved for all analytes, indicating a high level of selectivity for the target pesticides at
their retention time. As a result, the given chromatogram confirms the developed DLLME techniques

selectivity. Similar characteristics were present in other water samples tested for this study.
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Figure 9. Typical chromatograms of blank (A) and spiked (B) river water sample, standard (C) at
concentrations 130 pg/L for CS and MSM; 190 ug/L for NS; 250 pg/L for FS, PS, and CME; Extraction
conditions: the same as those indicated in Fig.8; Peaks identification: 1, niclosulfuron 2, metsulfuron-

methyl 3, chiorsulfuron 4, flazasulfuron 5, prosulfuron 6, chlorimuron-ethyl.

Comparison of HD-DLLME with other reported extraction methods

To evaluate the performance of the present method, i.e., DLLME-HPLC-DAD for extraction,
enrichment, and determination of SUH residues, it was compared with other methods reported in the
literature for extraction of the same herbicide class [14, 30, 36, 43, 46—49] and the results are shown in
Table 4. As can be seen, in terms of the LODs, precisions, and accuracy of the present method were
better than or comparable to most of other methods applied for extraction of SUH residues from different
and same type of matrices, i.e., water sample for current method. Although the LOD of magnetic solid

phase extraction (MSPE) method [48] using magnetic multi-walled carbon nanotubes (mag-MWCNTS)
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as adsorbents was lower, the synthesis steps of mag-MWCNTSs were very complicated, expensive and a

large number of organic solvents were consumed for elution and preparation. There may also be the

problem of facing sample carryover effects which leads to false postive results [36, 48, 49]. The

proposed DLLME is simple and unlike the SPE method, it does not require multi-steps conditioning,

washing, loading and elution [20, 21, 48]. In addition, the proposed method is found to use simpler

equipment, exhibits a wider linear range, integrated pretreatment and preconcentration in a single step,

utilizes micro level amount of organic solvents; which would make the procedure process easier,

efficient, quicker, and more environmentally friendly.

Table 4. Comparison of the proposed method with other methods applied for

determination of sulfonylurea herbicides.

the extraction and

Extraction Determinat | Matrix Linear LOD RSD Recovery | Ref.
Method ion method range (ng/mL)
(ng/mL)
SD-SFO-DLLME | HPLC-UV | Water and soil 5-1000 | 0.24-2.7 | 2.73-12.4 | 76-107 | [14]
IL-DLLME-DSPE | HPLC-DAD | Soymilk 7.8-500 | 1.53-2.32 | 1.12-6.48 82-119 [36]
VA-IL-DLLME HPLC-DAD | Wine 11-450 3.2-6.6 1-6.9 79-106 [43]
CPE HPLC-UV | Water, soil and rice | 4-2000 0.8-1.2 0.4-7.8 82-95 [46]
QUEChERS HPLC-DAD | Soymilk 200-5000 | 20-40 <15 61-108 | [47]
MSPE HPLC-DAD | Water 0.05-5 | 0.01-0.04 | 2-12.9 77-107 | [48]
MMF-SPME HPLC-DAD | Water 0.1-200 | 1.8-18.0 | 1.2-9.9 71-119 | [49]
DLLME HPLC-DAD | Water 2.5-1000 | 0.8-1.5 2.9-9.8 84-102 | This
work

CPE; cloud point extraction.
VA-IL-DLLME; vortex-assisted ionic liquid DLLME.
QUECHhERS; Quick, easy, cheap, effective, rugged and safe.

MSPE; magnetic solid-phase extraction.
SD-SFO-DLLME; solvent based demulsifications surface floating organic droplet DLLME.

MMF-SPME; multiple monolithic fiber solid phase microextraction.
IL-DLLME-DSPE; ionic liquid based DLLME followed by dispersive solid phase extraction.

21




CONCLUSIONS
The most widely utilized six SUHs were extracted and quantitatively determined at trace levels in
environmental water samples using an HD-DLLME analytical approach that was developed and
optimized in the current investigation. All of the experimental attributes taken into account in the study
were optimized. No matrix interferences were co-extracted during the procedure used to extract trace
level herbicides from water samples such as tap, river, lake, and underground, and weren't seen in the
analysis at their respective retention times. It was found that the analytes could be extracted from
samples using the optimized experimental approach with only a little amount of extraction and
dispersive solvents and a short equilibrium time. The suggested method combines the benefits of a short
analysis time, simplicity, low consumption of organic solvent, sensitivity, and cost effectiveness as well
as a high level of linearity over a broad range of analyte concentrations. As a result, the HD-DLLME
analytical technique might be thought of as a good option for selective and sensitive extraction and

practical assessment of SUH residues in environmental water samples in routine laboratory analysis.
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6. GENERAL CONCLUSIONS AND RECOMMENDATIONS

In this thesis, four environmentally friendly and miniaturized sample preparation techniques were
developed for preconcentration, extraction and quantification of trace level selected pesticide

residues in environmental water and food samples.

In the first paper, a GO nanomaterial was synthesized and used successfully as SPE sorbent. The
developed analytical method based on the SA-GO-DSPE combined with HPLC-DAD was applied
for selective sample extraction and simultaneous quantitative determination of the most commonly
used four triazine pesticides at trace level in water samples. When the method applied to the
extraction of triazines from real water samples such as tap, spring, underground and river water;
no matrix interferences were co-extracted and observed in the analysis with liquid
chromatographic separation. The sorbent used as nanoparticle was observed to possess high
adsorption capacity and rapid adsorption rates. In the experimental procedure, it was realized that
only low amount of sorbent can be used and also short equilibrium time was required to extract
the analytes from the contaminated samples. Hence, the method has demonstrated the advantages
of short analysis time, simplicity, easy operation and low organic solvent consumption; which
implies the method to be in good agreement with the principles of Green Chemistry, suggesting
the established method combined with HPLC-DAD could be successfully applied as a reliable
alternative for preconcentration, extraction, and determination of triazine pesticides in

environmental water samples and other trace organic pollutants in routine laboratory analysis.

In the second part of research work, a DLLME-SFOD analytical method coupled with
HPLC-DAD instrumentation was developed and optimized for selective and simultaneous
extraction and quantitative determination of the most commonly used seven multiclass pesticides
at trace levels in fruit juice samples. The extraction technique was optimized for all the
experimental parameters considered in the study. No matrix interferences were co-extracted or
seen in analysis at the corresponding retention times when the method was used to extract trace
level pesticide residues from fruit juice samples such as orange, grape, guava, apple, and pineapple.
The extraction solvents used in the current extraction method are more eco-friendly compared to
other extraction solvents utilized in other reported studies that used toxic halogenated organic

solvents. In the optimized experimental procedure, it was realized that only microliter quantities



of extraction and disperser solvents have been used and also short equilibrium time was required
to extract the analytes from samples. The suggested technique combines the advantages of a quick
analysis time, simplicity, minimal organic solvent consumption, sensitivity, and cost-effectiveness
as well as a high level of linearity over a wide range of analyte concentrations. Therefore, the trace
level enrichment of multiclass pesticides using the DLLME-SFOD analytical technique could be
considered as a good alternative for selective and sensitive extraction and convenient assessment

of multiclass pesticide residues in fruit juice samples for routine laboratory analysis.

In the third research work, SALLE-HPLC-DAD analytical technique, that is simple, fast, and
green, was developed and optimized for routine monitoring and quantitative determination of
seven multiclass pesticide residues with a wide range of physicochemical properties, including
methidathion, atrazine, azoxystrobin, cyanazine, carbrayl, thiamethoxam, and propazine in the
samples of raw and pasteurized milk. Comparing to more traditional extraction techniques like
LLE and SPE, this method uses a significantly smaller extraction solvent and sample volume. For
all of the experimental factors taken into account during the investigation, the approach was
optimized utilizing univariate methods. The optimized method offers sufficient accuracy,
precision, linearity, and sensitivity under the optimum extraction conditions in short extraction
time. No matrix interferences were co-extracted or seen in the analysis at their respective retention
times while this method was being used to extract trace level pesticides from milk samples.
Comparing to other reported research methods that used hazardous halogenated organic solvents
as extraction solvents, the extraction solvents used in the current extraction approach are more
environmentally benign. As a result, the trace level enrichment of multiclass pesticides using the
SALLE analytical technique could be considered as a good alternative for selective and sensitive
extraction and practical assessment of multiclass pesticide residues in milk as well as enrichment

of other trace compounds in complex samples in routine laboratory analysis.

In the fourth research work, the most widely utilized six SUHs were extracted and quantitatively
determined at trace levels in environmental water samples using HD-DLLME analytical approach
that was developed and optimized in this study. All of the experimental attributes taken into
account were also optimized. No matrix interferences were co-extracted during the procedure used

to extract trace level herbicides from water samples such as tap, river, lake, and underground, and



weren't seen in the analysis at their respective retention times. It was found that the analytes could
be extracted from samples using the optimized experimental approach with only microliter volume
of extraction and disperser solvents and a short equilibrium time. The suggested method combines
the benefits of a short analysis time, simplicity, low consumption of organic solvent, sensitivity,
and cost effectiveness as well as a high level of linearity over a broad range of analyte
concentrations. As a result, the HD-DLLME analytical technique could be taken as a good option
for selective and sensitive extraction and practical assessment of SUH residues in environmental

water samples in routine laboratory analysis.

The analytical sample preparation method, SA-GO-DSPE coupled with HPLC-DAD was
developed and optimized for the first time using salt assisted prominent GO as dispersed sorbent
for sensitive and selective enrichment, extraction and determination of most commonly used
selected triazine herbicides in environmental water samples. In addition, to the best of our
knowledge, this is the first instance in which DLLME-SFOD and SALLE combined with HPLC-
DAD were developed for simultaneous extraction and determination of selected multiclass
pesticide residues in different fruit juices and cow milk samples, respectively. Furthermore, HD-
DLLME sample preparation method, which was scarce in published literature works reported was
developed for enrichment and extraction of most commonly used selected SUHs from
environmental water samples. The developed microextraction methods were found simple, fast,
selective, inexpensive and environmentally safe alternative approach with simple instrumentation

to be used in laboratories of developing country.

Researchers are working to create genetically modified crops in modern agriculture that can make
their own pesticides or show resistance to pests or broad-spectrum herbicides. Biological pesticide
control methods are also recommended wherever possible to apply. The use of chemicals and their
damaging effects on the environment and human health could be minimized by using this new pest

management strategy and leaving buffer zones around sensitive regions while applying pesticides.

The developed techniques may be suggested for monitoring these pesticide contaminants in
samples of water and food. To improve selectivity and sensitivity of the process and apply it to

more complex matrices, synthesis of functionalized graphene nanomaterials for use as sorbents for



solid phase extraction to increase selectivity and sensitivity method and to apply for more complex
matrices are generally advised. The proposed methods can also be improved in terms of using even
less toxic solvents, further miniaturization for enriching better, extraction efficiencies, selectivity,
and sensitivity, as well as full automation and on-line coupling capability with analytical
instruments. Additionally, the developed methods have been expanded to a large number of other

intensive agricultural zones in the country.
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