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Abstract
A sensitive, rapid and inexpensive analysis method has been developed for some pesticides
most frequently used in Gaza Strip. These pesticides are: abamectine, atrazine, benomyl,
cymoxanil, diuron, imidacloprid, linuron, penconazole, and propazine. The pesticides were
separated on silica gel TLC plates using acetone/cyclohexane 1:2 (v/v) as a mobile phase
and was then determined densitometrically. A linearity range between 25 and 1000 ng/spot
was achieved. Water samples spiked with pesticides were extracted using RP-C18
cartridges on SPE. Recoveries were between 79.4 and 103.7 % at a relative standard
deviations at 1.92 and 3.68 %. The LOD for the pesticides between 25-100 ngL-1 except
the penconazole was 200 ngL-1 because of its weak absorption.
Modified Pb/PbO2 and C/PbO2 electrodes were prepared by electrodeposition and used as
anodes for electrochemical degradation of linuron (phenyl urea pesticide) in aqueous
solution at different parameters such as: conductive electrolyte, current density,
temperature, initial concentration of linuron, pH and time. The results show that the
electrocatalytic activity of both Pb/PbO2 and C/PbO2 electrodes depend on the conductive
electrolyte. The highest electrocatalytic activity was achieved in the presence of NaCl
(1gL-1). The degradation of linuron was nearly completed 92% and 84% using C/PbO2 and
Pb/PO2 electrodes on 30 min at pH 7 and 1.5 respectively. The electrodes showed higher
degradation efficiency at low temperature (5-10oC). The optimum current density for the
degradation of linuron on Pb/PbO2 and C/PbO2 electrodes was (150 mAcm-2).

Key words: TLC, pesticides, solid phase extraction, Gaza Strip, electrochemical
degredation, linuron, electrode, electrocatalytic oxidation.
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CHAPTER ONE

" INTRODUCTION

AND
LITERATURE REVIEW "

1. INTRODUCTION AND LITERATURE REVIEW
1.1. General Remarks
In recent years, few environmental issues have aroused the concern of the public as much
as pesticides, especially in relation to the health of children. Many papers have been
published detailing methods for the analysis of pesticide residues in water and
environmental samples. The determination of pesticides at low concentrations is always a
challenge. Ideally, the analyte to be determined would be already in solution and at a
concentration level high enough to be detected and quantified by the selected final
determination technique. Pesticide analysis has been affected by the recent detection of
parent or metabolite compounds, thus driving the demand for techniques that can measure
lower and lower levels of concentration. In recent years, criteria to support in a solid way
the steps corresponding to the identification, confirmation, and quantification of the
analyte have became more frequently used. To understand this controversial issue it is
helpful to look at these toxic substances [1].
Pesticide are defined by the United States Federal Insecticide Fungicide Rodenticide Act
(FIFRA) as ‘‘any substance or mixture of substances intended for preventing, destroying
or repelling any pest,’’ where pests are defined as organisms that may be deleterious to
human or the environment [1]. It can be insects, mice and other animals, unwanted plants
(weeds), fungi, or microorganisms like bacteria and viruses. Though often misunderstood
to refer only to insecticides, the term pesticide also applies to herbicides, fungicides, and
various other substances used to control pests [2].
The chemical substances have been used by human to control pests from the beginning of
agriculture. Initially, inorganic compounds such as sulfur, arsenic mercury, and lead were
used [1]. The discovery of dichlorodiphenyltrichloroethane (DDT) as an insecticide by
Paul Müller in 1939 caused a great impact in the control of pests and soon became widely
used in the world. At that time, pesticides had a good reputation mainly due to the control
of diseases like malaria transmitted by mosquitoes and the bubonic plague transmitted by
fleas, both killing millions of people over time. Nevertheless, this opinion changed after
knowing the toxic effects of DDT on birds [1]. DDT is now banned in at least 86 countries,
but it is still used in some developing nations to prevent malaria and other tropical diseases
by killing disease- carrying insects [3].
1

In many decades, large amounts of synthetic pesticides were developed. For example,
herbicides (e.g. 2,4-D (2,4-dichlorophenoxyacetic acid), triazine and glyphosate), most of
organophosphorus insecticides, many carbamates and ureas, many fungicides (e.g.
benzimidazole, pyrimidines, triazoles and imidazoles), pyrethroids and sulfonylureas are
still commonly used today. In 2009, the development of a new class of fungicides called
paldoxins was announced [1- 8].

1.2. Chemical Classification of Pesticides
Many pesticides can be grouped into chemical families. Prominent insecticide families
include carbamates, organochlorines, organophosphorus and pyrethroid pesticides.
Carbamates are compounds with an amide functional group with substituents besides
methyl group. There are several subgroups within the carbamates like thiocarbamate and
dithiocarbamates.
Organochlorines pesticides are composed primarily of carbon, hydrogen, and chlorine. It's
commonly used in the past, but many have been international suspended due to their health
and environmental effects and their persistence (e.g. DDT and chlordane). Organochlorine
hydrocarbons could be separated into dichlorodiphenylethanes, cyclodiene compounds,
and other related compounds. Their toxicities vary greatly, but they have been phased out
because of their persistence and potential to bioaccumulate. Organophosphate and
carbamates largely replaced organochlorines.
Organophosphorus compounds contain a phosphorus atom bound to organic substituent’s,
either alkyl or alkoxy groups. It's much easier biodegradable than organochlorine.
Organophosphate pesticides affect the nervous system by disrupting the enzyme that
regulates acetylcholine, a neurotransmitter. Most organophosphates are insecticides.
However, they usually are not persistent in the environment. Organophosphates are quite
toxic to vertebrates, and have in some cases been replaced by less toxic carbamates.
Pyrethroids are developed as a synthetic version of the naturally occurring pesticide
pyrethrin, which is found in chrysanthemums. They have been modified to increase their
stability in the environment. Some synthetic pyrethroids are toxic to the nervous system.
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In the last years, there have been many other chemical substances developed. Prominent
families of herbicides include phenoxy and benzoic acid herbicides (e.g. 2, 4-D), triazines
(e.g. atrazine), ureas (e.g. diuron), and Chloroacetanilides (e.g. alachlor). Phenoxy
compounds tend to selectively kill broadleaved weeds rather than grasses. The phenoxy
and benzoic acid herbicides function similar to plant growth hormones, and grow cells
without normal cell division, crushing the plants nutrient transport system. Triazines
interfere with photosynthesis. Many commonly used pesticides are not included in these
families, including glyphosate. In fact, there are about 19 subgroups according to their
chemical structures as seen in Appendix ( І ) which shows the different chemical groups of
pesticides and an example for each group [1-2, 6, 10, 22].

1.3. Mobility of Pesticides into Ground Water
According to the European Union (EU), the ground water means all water that is below the
surface of the ground in the saturation zone and in direct contact with the ground or subsoil
[11]. In other side, the pesticides are the most common types of water pollution, especially
poisonous ones [9]. Its presently in use are mostly synthetic organic compounds. The
principle processes that influence their potential for loss from soil to ground water are
volatilization (and subsequent diffusion), decomposition, and retention by the soil and
transport by water. Some organic pesticides however, are of little concern as ground water
contamination from pesticides use because they are relatively insoluble in water and are
retained strongly by the soils. The principal mechanism by which pesticides are transported
from soil to ground water is downward percolation of water containing dissolved
pesticides. United State Environmental Protection Agency (U.S. EPA) official has
estimated that as many as 50 of the more than 1000 registered pesticides posses the
potential for detection in ground water under conditions conducive to downward
movement [12]. A pesticide can reach ground water if its water solubility is greater than
ca. 30 mgL-1, its adsorptivity (Ko~) is below 300-500, its soil half-life is longer than 2-3
weeks, its hydrolysis half-life is longer than ca. 6 months, and its photolysis half-life is
longer than 3 days [13].
The movement of pollutants through the soil by rain or irrigation water, as the water moves
downward through the soil is called leaching. In general, soils with moderate to high
organic matter and clay content, and moderate or slow permeability are less likely to leach
pesticides into groundwater. Scientists believe that "macropores," which are principally
3

root channels and worm holes, may contribute to the leaching of pesticides in fine-textured
soils [14]. The pesticides which have chemical characteristics, such as high water
solubility, can get into drinking water if it reaches to ground water. The drinking water
quality value proposed by the EU; i.e. 0.1 μgL-1 for each individual pesticide and 0.5 μgL-1
for the total concentration of pesticides and related products [1].
The groundwater is the only source for drinking water and agriculture in the Gaza Strip.
Apparently, misuse of pesticides by the general public increased the level of soil and water
contamination across Gaza [28]. Leaching of pesticides, a common and growing problem
in major agricultural regions including Gaza [29], from soil can lead to the contamination
of the Gaza groundwater [30]. Pesticides are considered priority pollutants in Gaza and,
with the expanding use of greenhouses; Palestinian agriculture is becoming increasingly
dependent on chemical pesticides and fertilizers.
According to Safi [31], Gaza Strip consumed more than 393.3 tons of pesticides and more
than 900 tons of methyl bromide are used annually to protect the major crops, including
vegetables, citrus, olives and grapes in 1999. [27, 32]. More than 100 metric tons of
formulated pesticides (about 75 pesticides) are used annually in Gaza Strip. It was found
that 19 of these pesticides, that have been used, are internationally suspended, cancelled
and banned pesticides [33, 34]. According to the ministry of agriculture in Palestine, the
Gaza Strip consumed several hundreds tons of pesticides every year.
Shomar [30] showed that, more than 92% of common pesticides in groundwater were
much lower than their allowable limit of the WHO. Atrazine, atrazine-desisopropyl,
propazine, simazine were detected in water samples with average concentrations of 3.5,
1.2, 1.5 and 2.3 μgL-1, respectively. Some of water samples showed 5 μgL-1 of triadimenol.
DDT was detected in eight wells, six in Rafah area and two in Khan Yunis. One of these
wells also had measurable levels of DDE and DDD. Two private wells showed 5 μgL-1 of
triadimenol, the wells are located in the area of Rafah wastewater treatment plant.
All these studies show us the widespread use of pesticides in Gaza Strip and its presence in
troubling quantities which makes us worry about the future of the groundwater in the Gaza
Strip and the risk of the impact of these pesticides.

4

1.4. Using TLC Technique for Determination of Pesticide Residues
Now it is a very exciting period in the evolution of analytical chemistry, characterized by
the development of new and improved analysis techniques that enable detection of much
lower levels of chemical species and a vastly increased data throughput [9].
Chromatographic methods are the common used for the determination of pesticides residue
and their metabolites in the environment [2]. According to the IUPAC, the chromatography
is defined as “a physical method of separation in which the components to be separated
are distributed between two phases, one of which is stationary (stationary phase) while the
other (the mobile phase) moves in a definite direction “ [15].
There are several techniques used in many applications to detection of pesticides. Several
published were developed spectrophotometic method [35], HPLC [36- 39], LC [40- 42],
GC [43, 44], and other methods [45- 47] to determination of pesticides residues in water
and environmental samples.
TLC is a chromatographic technique used to separate mixtures [16]. It is performed on a
sheet of glass, plastic, or aluminum foil, which is coated with a thin layer of adsorbent
material, usually silica gel, aluminum oxide, or cellulose (blotter paper). This layer of
adsorbent is known as the stationary phase. After the sample has been applied on the plate,
a solvent or solvent mixture (mobile phase) is drawn up the plate via capillary action.
Because different analytes ascend the TLC plate at different rates, separation is achieved
[17]. TLC which was popular in the late 1960s and 1970s has been almost completely
supersede by LC and GC. However, thanks to recent improvements in instrumentation and
especially in detection. TLC is being used more in the recent past, and is the object of an
official method [13].
The TLC technique has many advantages, single use of the layer simplifies sample
preparation procedures; simplicity of development by dipping the plate into a mobile phase
in a chamber; high sample through put with low operating cost because multiple samples
can be run simultaneously with standards on a single plate using a very low volume of
solvent; high resolution through multiple development or two-dimensional (2D)
development on a plate with a single adsorbent or dual adsorbents [18]. This technique can
be useful for screening important agricultural commodity moving in international trade,
and for the domestic food supply. It has shown to be capable of giving reliable information
in the screening of the parent pesticides and degradation products [19, 20]. TLC is
availability of many sensitive and selective reagents for detection and confirmation without
5

interference of the mobile phase. The ability to repeat detection and quantification at any
time with changed parameters because fractions representing the entire sample are stored
on the plate [21]. Although there is a wide choice of other chromatographic methods for
pesticides analysis (GC, HPLC), TLC remains a valid and simple analytical procedure for
qualitative detection and quantitative determination of pesticides and their metabolites in
the environmental samples [23]. Among several published, this method has prove every
efficient and reliable in the screening of the various classes of pesticides. TLC is used for
the final determination of the compounds analyzed by separation and quantification. The
compound is identified by the distance it has migrated relative to the distance from the
starting point to the solvent front, the retention factor (Rf) value [19]. Pesticide analysis
remains one of the leading applications of TLC and HPTLC for qualitative and quantitative
analysis of foods and crops; environmental samples such as soil, drinking water, ground
water, wastewater and sand; forensic and medical samples; biological samples; and
commercial formulations [18, 24]. It has developed into one of the most important
techniques available for the separation, identification and quantitative determination of a
large number of pesticides. It has paralleled gas chromatography in importance and period
of development.
In addition, TLC is very widely used in a variety of pesticide studies, such as
determination of quantitative structure activity relations (QSAR) that describe how the
molecular structure, in terms of descriptors (lipophilic, electronic, steric), affects the
biological activity of a compound [18].
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1.5. Principles of Methods Used
1.5.1. Solid-Phase Extraction

Fig. 1.1: SPE unit.

The main aim of any extraction process is the isolation of analytes of interest from the
selected sample by using an appropriate extracting phase. Pesticides from liquid samples
are preferably extracted using solid phases by solid-phase extraction (SPE) or solid-phase
microextraction (SPME) procedures, although for low volume samples, liquid–liquid
extraction (LLE) can also be carried out. SPE is mostly used and is gradually replacing the
LLE because of the wide availability of selective adsorbent materials, and also to avoid the
necessity of disposing of organic solvent. With SPE, many of the problems associated with
LLE can be prevented, such as incomplete phase separations, less-than-quantitative
recoveries, use of expensive, breakable specialty glassware, and disposal of large quantities
of organic solvents. SPE is more efficient than LLE, yields quantitative extractions that are
easy to perform, is rapid, and can be automated. SPE products are excellent for sample
extraction, concentration, and cleanup [1].

1.5.1.1. SPE Theory
The selection of an appropriate SPE extraction sorbent depends on understanding the
mechanism(s) of interaction between the sorbent and analyte of interest. That understanding in turn depends on knowledge of the hydrophobic, polar and ionogenic
properties of both the solute and the sorbent.
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The most common retention mechanisms in SPE are based on van der Waals forces (non
polar interactions), hydrogen bonding, dipole-dipole forces (polar interactions) and cationanion interactions (ionic interactions). Each sorbent offers a unique mix of these properties
which can be applied to a wide variety of extraction problems [77].
The success of a SPE procedure depends on the knowledge about the properties of target
analytes and the kind of sample, which will help the proper selection of the sorbent to be
used. Understanding the mechanism of interaction between the sorbent and the analyte is a
key factor on the development of a SPE method, since it will ease choosing the right
sorbent from the wide variety of them available in the market [1].

Fig. 1.2: SPE cartridge.

Sorbents for solid phase extraction and separation mechanisms for solid phase separations
are listed in Table 1.1. [78].
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Table 1.1. : Sorbents for solid phase extraction and separation mechanisms for solid phase separations.
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Three general theories interactions exist:
Reversed Phase SPE: Involve a polar or moderately polar sample matrix and a nonpolar
stationary phase. The analyte of interest is typically mid- to nonpolar. Several SPE materials,
such as the alkyl- or aryl-bonded silicas (C18, C8, C4, and C-Ph) are in the reversed phase
category. Here, the hydrophilic silanol groups at the surface of the raw silica packing have
been chemically modified with hydrophobic alkyl or aryl functional groups by reaction with
the corresponding silanes.
(1)

Retention of organic analytes from polar solutions (e.g. water) onto these SPE materials is due
primarily to the attractive forces between the carbon-hydrogen bonds in the analyte and the
functional groups on the silica surface. These nonpolar-nonpolar attractive forces are
commonly called van der Waals forces, or dispersion forces. To elute an adsorbed compound
from a reversed phase SPE tube or disk, use a nonpolar solvent to disrupt the forces that bind
the compound to the packing.
Normal Phase SPE: Involve a polar analyte, a mid- to nonpolar matrix (e.g. acetone,
chlorinated solvents, and hexane), and a polar stationary phase. Polar-functionalized bonded
silicas (e.g. C-CN, C-NH2, and C-Diol), and polar adsorption media (C-Si, C-Florisil, and CAlumina) typically are used under normal phase conditions. Retention of an analyte under
normal phase conditions is primarily due to interactions between polar functional groups of
the analyte and polar groups on the sorbent surface. These include hydrogen bonding, pi-pi
interactions, dipole-dipole interactions, and dipole-induced dipole interactions, among others.
A compound adsorbed by these mechanisms is eluted by passing a solvent that disrupts the
binding mechanism — usually a solvent that is more polar than the samples original matrix.
Ion Exchange SPE: It can be used for compounds that are charged when in a solution
(usually aqueous, but sometimes organic). Anionic (negatively charged) compounds can be
isolated on C-SAX or C-NH2 bonded silica cartridges. Cationic (positively charged)
compounds are isolated by using C-SCX or C-WCX bonded silica cartridges. The primary
retention mechanism of the compound is based mainly on the electrostatic attraction of the
charged functional group on the compound to the charged group that is bonded to the silica
surface. In order for a compound to retain by ion exchange from an aqueous solution, the pH
of the sample matrix must be one at which both the compound of interest and the functional
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group on the bonded silica are charged. Also, there should be few, if any, other species of the
same charge as the compound in the matrix that may interfere with the adsorption of the
compound of interest. A solution having a pH that neutralizes either the compound’s
functional group or the functional group on the sorbent surface is used to elute the compound
of interest. When one of these functional groups is neutralized, the electrostatic force that
binds the two together is disrupted and the compound is eluted. Alternatively, a solution that
has a high ionic strength, or that contains an ionic species that displaces the adsorbed
compound, is used to elute the compound [77, 78].

1.5.1.2. SPE Steps
The SPE process provides samples that are in solution, free of interfering matrix components,
and concentrated enough for detection. This is done in five steps (Figure 1.3):
First, Select an SPE sorbent that will bind selected components of the sample — either the
compounds of interest or the sample impurities. The selected components are retained when
the sample passes through the SPE tube or disk.
Second, conditioning the sorbent to be prepared by activation with a suitable solvent in which
analytes are dissolved. For Reversed phase type, silicas and nonpolar adsorption media
usually are conditioned with a water-miscible organic solvent such as methanol, followed by
water or an aqueous buffer. Methanol wets the surface of the sorbent and penetrates bonded
alkyl phases, allowing water to wet the silica surface efficiently. In normal phase and ion
exchange usually are conditioned in the organic solvent in which the sample exists.
Third, the liquid sample or a liquid sample extract are loaded onto the cartridge. Usually,
target analytes are retained together with other components of the sample matrix.
Fourth, wash off unwanted, unretained materials using the same solution in which the sample
was dissolved, or another solution that will not remove the desired compounds.
Finally, analytes are eluted with a small volume of an appropriate solvent. In this sense, by
SPE, it is possible to obtain final sample extracts ideally free of coextractives; thanks to the
cleanup performed, with high enrichment factors due to the low volume of solvent used for
eluting target analytes. These aspects together with the simplicity of operation and the easy
automation have made SPE a very popular technique widely used in the analysis of pesticides
in a great variety of samples [1, 77, 78].

11

1. Select the SPE sorbent

2

3

5

4

Figure 1.3: Illustrated the mechanism of extraction steps by SPE cartridge.
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1.5.2. Densitometry
A densitometer yields the most selective, sensitive, accurate, and precise results [76]. The
Shimadzu Dual Wavelength – Flying Spot Scanner CS-9301 PC is one of the modernist
instruments that have automated the quantitative and qualitative interpretation of TLC (Figure
1.4).

It readily permits highly precise densitometry of thin layer chromatograms, one-

dimensional and two-dimensional electrophoregrams, and even of micro plates.

Fig. 1.4: The CS-9301 PC densitometer

The optical system of the densitometer (as shown in Figure 1.5) includes the rectangular,
monochromatic light beam from the diffraction grating is rapidly moved from side to side by
the spiral slit of the rotating disk, while the sample stage is moved at a right angle with the
direction of the movement of the light beam. Thus the sample is scanned in the zigzag mode.
The computer control of the rotating disk ensures high precision of scanning. The measuring
wavelength ranges from 200 to 700 nm. Two photometric system: Double-beam monitor and
dynode feedback system. There are two light sources: Deuterium lamp for UV region (200 370 nm) and Tungsten iodine lamp for visible region (370 - 700 nm) and Hg-lamp for
fluorescence detection.
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Fig. 1.5: Optical system of the Shimadzu Dual-Wavelength Flaying-Spot CS-9301 PC.

1.6. Literature Survey of Using TLC Method for Determination of the
Investigated Pesticides
In this work, nine pesticides of common used in Gaza Strip were tested for optimal separation
onto TLC plates to development a new densitometric method for quantification and
determination of these pesticides in water samples. Solid phase extraction (SPE) conditions
were optimized to obtained good recoveries for investigated pesticides. Also, the LOD for
them was measured as can be seen in the following chapters. These pesticides are:
abamectine, atrazine, benomyl, cymoxanil, diuron, imidacloprid, linuron, penconazole, and
propazine. Only some of the investigated pesticides were separated with several stationary
phases and a number of visualization techniques were tested in order to enhance the UV –
absorption coefficient. From many literature reviews and to our best knowledge it was found
that the nine investigated pesticides had not been completely separated together on one
stationary phase of TLC plates. Table 1.2. summarizes the different TLC separation
techniques used in the literature for the nine tested pesticides mostly used in Gaza Strip.

14

Table 1.2. : Literature survey of methods used for the determination of the investigated pesticides using TLC.
Pesticides

Extraction /
Comments

Mobile Phase

TLC / Stationary Phase

Detection method

LOD

Lit.

( V/V )
1.

NH2 F254-aluminium sheet

1.

Toluene/Chloroform (10:90)

2.

Acetone/ Water/

Atrazine

Water/SPE – C18

2.

Diol F254-aluminium sheet

Propazine

Bakerboned

3.

RP-C18 F254-aluminium

and others

cartridges
4.

Tetrahydrofurane (40:60:10)

sheet

3.

Acetonitril/Water (70:30)

Silica gel 60 F254 -

4.

n-Heptane/Ethyl acetate (50:50)

1.

Chloroform/Toluene (9:1)

2.

Hexane/Toluene/Acetone

fluorodensitometric
screening and densitometric
scanning

[2]
100 ng / spot

[48]
[49]

UV – 254 nm

aluminum sheet
1.
Atrazine
Propazine
and others

NH2 F254s precoated
HPTLC

Used 0.2% Std.

2.

CN F254s precoated
HPTLC

solutions
3.

DIOL F254s precoated
HPTLC

Atrazine
Simazine

3.

Densitometric scanning

Petroleum benzene/Acetone

No LOD was
determined

[50]

(9:1)
-1

30 ngL for Atrazine

Water/SPE – C18
Bakerboned

(70:25: 5)

Silica gel 60 F254 HPTLC

cartridges

Nitromethane/tertachloromethane
(1:1)

Densitometric scanning

-1

60 ngL for

[51]

Simazine
Visualization with Cl2 gas

Atrazine

Ground water

and others

Drinking Water

then spraying with 4,4Silica gel 60 F254

Toluene/Acetone ( 85:15)

tetramethyldiaminod
iphenyl-methane.
Densitometric scanning

15

20 ng / spot

[52]

Extraction/

Pesticides

Atrazine
and others

Comments

Std. solutions

Mobile Phase

TLC / Stationary Phase

Detection method

LOD

Lit.

( V/V )
1.

Aminoplast TLC

1.

Cyclohexane/Acetone (9:1)

2.

Cellulose TLC

2.

Water/ Acetone (2:3)

3.

Acetylated TLC

3.

Water / Methanol (1:1)

Densitometric scanning
UV – 254 nm

1.

0.4 μg

2.

0.5 μg

3.

0.4 μg

[53]

Prewashed: chloroform/methanol
Atrazine
and others

Water

Silica gel G

(1:1)

Silver nitrate

Develop in Chloroform/Acetone

Densitometric scanning

100 ng / spot

[54]

(9:1)
Atrazine
and others

Water / SPE – C18

Atrazine

Polmeric

Alachlor

microcapsules

Atrazine and
3metaboltes
Atrazine
and others
Atrazine and
others
Atrazine
Simazine

Soil

Silica gel G

Chloroform/Acetone (9:1)

RP-C18 HPTLC

Methanol/water (70:30)

RP- HPTLC

Methanol/water (70:30)
Hexane/Acetone (3:2)

-

Silica gel

Hexane/ Chloroform /Acetone

Silver nitrate

No LOD was

Densitometric scanning

determined

Densitometric scanning

No LOD was

UV- 220 nm

determined

Densitometric scanning
UV- 220 nm
Densitometric scanning

20 ng

[55]

[56]

[57]

-1

50 ngμL

[58]

(8:4:1)
Water/ SPE – C18

RP-18 F254s HPTLC plates

2-propanol–water (6 : 4)

Water and sewage

Silica gel

Chloroform /Acetone (95: 5)
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video densitometry at 254

No LOD was

nm

determined

-

0.01 μgL

-1

[59]

[60]

Extraction/

Pesticides

Comments

Dichloromethane/Acetone,
-

Detection method

LOD

Lit.

( V/V )

Some
Triazine

Mobile Phase

TLC / Stationary Phase

Silica gel

herbicides

Toluene/Acetone,
Chloroform /Ethyl acetate,

UV light or fluorescence

No LOD was

quenching

determined

[60]

Benzene/acetic acid (9:1)
Toluene/Acetone,

Some
Triazine

-

Silufol and Silica gel G254

herbicides

Ethyl acetate /Chloroform ,
Chloroform /Acetone or

UV light

No LOD was
determined

[60]

Hexane/butyl-acetate

1.
Diuron

Water/SPE – C18

Linuron

Bakerboned

and others

cartridges

Silica gel 60 F254 -

1.

aluminum sheet

Benzene/triethylamine/acetone
(75: 15: 10)

fluorodensitometric

2.

NH2 F254-aluminium sheet

2.

Chloroform / Toluene (80: 20)

screening and densitometric

3.

Diol F254-aluminium sheet

3.

Acetone/ Water/ Methanol

scanning

4.

RP-C18 F254-aluminium

(10:60:30)

UV – 254 nm

sheet

4.

25 ng / spot

[2]

100 ng / spot

[61]

Methanol/ Acetonitril/ THF/
water (50: 15: 8: 27)
Visualization by spraying w.

Diuron
Linuron
Neburon

Water
Soil

C18-RP

Methanol/ Acetonitril/ THF/ water
(50: 15: 8: 27)

ethanolic HCl
1% NaNO2, 1% N-(1naphthyl)- ethyl diamine
Densitometric scanning
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Extraction/

Pesticides

Diuron
and others

Comments

Water

Mobile Phase

TLC / Stationary Phase

Detection method

LOD

Lit.

( V/V )
1.

Methylene chloride

1.

Al2O3 F254

2.

Methanol/water (75: 25)

2.

RP-C18

3.

Chloroform/Diisopropyl ether

3.

Silica gel 60 F254 HPTLC

Densitometric scanning

10-50 ng / spot

[62]

5 ng / spot

[63]

(90: 10)
Diisopropyl ether/Isobutyl
methyl ketone (80: 20)

Diuron
Linuron

-

Diuron
Linuron

-

and others

Silica gel 60 F254 HPTLC

Silica gel GF
2-Diminsional development

Benzene/Triethyl amine/ Acetone
(75: 24: 1)
1.

-

Silica gel 60

Benzene/Methanol (95:5)

Chlortoluron
Diuron
Linuron

-

Silica gel G with CaSO4

Fluometruron
Diuron
Linuron

scanning

Densitometric scanning

Chloroform/Nitromethane (1:3)

Diuron
Linuron

by fluorodensitometric

Diethyl ether/ Toluene (1: 3),
(2: 1)

2.

Densylation, quantification

Benzene/Triethyl amine/ Acetone
(75:24:1)

No LOD was
determined

fluorodensitometric

No LOD was

scanning

determined

[64]

[65]

Densylation
Fluorodensitometric

1 ng / spot

[66]

0.01 ppm

[67]

scanning

25-step gradient based on
Food; SPE

Silica gel TLC-AMD

acetonitril, Dichloromethane, acetic
acid, toluene and hexane
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Densitometric scanning

Extraction/

Pesticides

Comments

Mobile Phase

TLC / Stationary Phase

Detection method

LOD

Lit.

( V/V )

Diuron

2D development on

1.

Silica gel

1.

THF/ n-hexane (4 : 6)

Viewing under 254 nm UV

No LOD was

Linuron

a Multi-K SC5 plate

2.

C18 silica gel

2.

Methanol/ water (6 : 4)

light

determined

[68]

and others

exposure to iodine vapor,
Benomyl
and others

-

silica gel

Hexane/ ethyl acetate and methanol/

under 254 and 366 nm UV

No LOD was

ethyl acetate

light, and spraying with

determined

[69]

Dragendorff and
anisaldehyde reagents.

In tomatoes

1.

Extracted with ethyl

potassium iodide (o-

acetate, and the
Atrazine
Diuron
and others

TKI)

extracts were
cleaned up by gel
permeation

o-toluidine plus

2.
silica gel F254 layer

Ethyl acetate or Dichloromethane

p-nitrobenzene

1.

12–125 ng

diazonium

2.

60–70 ng for

tetrafluoroborate

chromatography

(NBDTFB) detected all

with a

of the pesticides as

semiautomatic KL-

colored zones

SX-3 instrument

19

NBDTFB

[70]

Pesticides

Extraction/
Comments

Mobile Phase

TLC / Stationary Phase

Detection method

LOD
1.

Food samples,

1.

Silica gel 60F- ethyl acetate

Mutiresidue

2.

Al2O3 G- ethyl acetate

Atrazine

extraction method

3.

Silica gel 60 F plates,

Diuron

and employing the

and others

activated at 105oC for 30

(GPC) for clean-up

4.

-1

0.06 mgkg for
Atrazine and

-

o-TKI

0.05 mgkg for

2.

Photosynthesis

Diuron

reaction)

Al2O3 G- plates activate at

-1

1.

inhibition (Hills

minutes

Gel Permeation
Chromatography

Lit.

( V/V )

2.

-1

[19]

0.0005 mgkg

for Atrazine and
-1

0.005 mgkg for

80oC for 30minutes

Diuron

Diuron
Linuron

Food samples,

Silica gel 60 F-254 activated at

Atrazine

Three cleanup

105°C for 30 minutes

Imidacloprid

procedures tested in

Benomyl

this study were:

and others

column

Penconazole

chromatography on

Diuron

SX-3 gel, mixed

Linuron

adsorbent & silica

Atrazine

cartridges

ethyl acetate

UV lamp (254/365 nm)

No LOD was
measured

[71]

Silica gel 60

petroleum ether/diethyl ether (1:2)

Cymoxanil
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UV lamp 254

No LOD was
measured

Pesticides

Extraction/
Comments

Linuron

Detection method

LOD

Lit.

( V/V )

Silica gel 60

Cymoxanil

Mobile Phase

TLC / Stationary Phase

Diethyl ether

UV lamp 254

n-hexane/diethyl ether (1: 2)

UV lamp 254

No LOD was
measured

and others
Linuron

Silica gel 60 activated at 105°C

Atrazine
and others
Diuron
Linuron
and others

for 30 minutes

No LOD was
measured

Food samples,
Three cleanup

1.

Dichloromethane

procedures tested in

Silica gel 60 F-254 activated at

2.

Benzene

this study were:

105°C for 30 minutes

3.

Cyclohexane/benzene/acetic

UV lamp (254/365 nm)

No LOD was
measured

acid/paraffin oil (200: 30:20:1)

(i) column

[71]

chromatography on
Atrazine

SX-3 gel,

Benomyl

(ii) mixed

Linuron

adsorbent,

and others

(iii) silica cartridges

Al2O3 G- plates

1.

Ethyl acetate

UV lamp (unfiltered high

No LOD was

2.

Dichloromethane

intensity)

measured

Atrazine
Benomyl
Diuron

RP-18 F-254S, activated at

Linuron

120°C for 45 minutes

Acetone/methanol/water (30:30:30)

and others
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UV lamp (254/365 nm)

No LOD was
measured

Extraction/

Pesticides

Comments

Mobile Phase

TLC / Stationary Phase

Detection method

LOD

Lit.

( V/V )
1.

-1

0.1 mgkg with
all extraction
methods for two

Food samples,
cleanup using:
Atrazine
Diuron

1.
2.

and others

1.

GPC
GPC and silica
gel cartridges

3.

2.

GPC and

Silica gel 60 activated at
105°C for 30 minutes

2.
3.

Al2O3 60 G- plates
Al2O3 60 F254 activated at
75°C for 15 minutes

-1

0.1 mgkg for

1.

Ethyl acetate

2.

Dichloromethane

1.

o-TKI

mgkg with

3.

Benzene

2.

Hill

GPC, 0.01

4.

n-Hexane/Diethyl ether (1:2)

diuron and 0.05
-1

[72]

-1

mgkg with
GPC+ SiO2 and

florisil

GPC+florisil for
atrazine

1.

Atrazine
Diuron
Linuron
Benomyl

Food samples,
cleanup using GPC

Bio beads SX-3

Dichloromethane/cyclohexane (1:1)

1.

o-TKI

2.

Hill

3.

FAN

2.

and others
3.

22

0.06 mgkg-1 for
atrazine, 0.55
mg/kg for
linuron and 0.09
mg/kg for
diuron
0.002 mgkg-1 for
atrazine, linuron
and diuron
0.15 mgkg-1 for
benomyl

[73]

Pesticides

Atrazine
Diuron
Linuron
and others

Extraction/
Comments

Mobile Phase

TLC / Stationary Phase

Detection method

1.

Food samples,
Extract by column:
SPB 5 and cleaned
on Bio-Beads SX-3

LOD

Lit.

( V/V )

1.

silica gel 60

2.

Al2O3 G- plates

Ethyl acetate

1.

o-TKI

2.

Hill

packed

2.

-1

0.25 mgkg for
atrazine and
-1
0.45 mgkg for
diuron
-1
0.033 mgkg for
atrazine and 0.03
-1
mgkg for
linuron

[74]

Develop the plate in the same
direction with two different
Atrazine
and others

developing solvents:

rice, wheat and soil
samples

Bio-Rad SX-3 gel

1.

petroleum ether/ethyl acetate

Hill

0.03 mgkg

-1

[75]

(8:2)

GPC cleanup
2.

petroleum ether/ethyl
acetate/methanol (8:1:1)
Limit of

honey samples,
Atrazine

ultrasonic solvent

HPTLC Silica Gel 60 F254

Hexane/chloroform/acetone

Simazine

extraction

plates

(60:25:15)

benzene/water ( 1:1)

UV light (254nm) by means

quantification:

of 3CCD color video camera

80 ng/spot for

HV-C20

atrazine and 90
ng/spot for simazine
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[27]

1.7. Electrochemical Oxidation of Organic Compounds Using Modified
Electrodes
Electrochemistry is becoming a new alternative for wastewater treatment and is replacing
the traditional processes. Electrochemical oxidation of various types of wastewater
including the phenolic wastewater has been investigated by a lot of researchers [79 – 83].
Electrochemical reaction can effectively oxidize toxic organics [82 – 85]. With unique
features such as simplicity and robustness in structure and operation, it is possible that the
electrochemical process can be developed as a cost-effective technology for the treatment
of aromatic pollutants, particularly for low volume applications [83]. Electrochemical
wastewater treatment effect mainly depends on the nature of the anodes that are used in the
process [85, 86]. The difference in the effectiveness and performance of different anode
materials for wastewater treatment demonstrates the complexity of the EC reaction
mechanisms involved. The current efficiency of traditional electrodes is very low in
organic degradation, such as using graphite and nickel [81, 87]. The ease of control and the
increased efficiencies provided by the use of compact bipolar electrochemical reactors.
The role of hydroxyl radical is investigated in electrochemical oxidation of organic
contaminants with naphthalene as a model compound. The strategy employed was
competitive kinetic for hydroxyl radical between naphthalene and other hydroxyl
scavengers if the hydroxyl radical is produced in situ at the anode by the electrolysis of
water [88].
Amadelli et al. [89] showed the feasibility of bisphenol-A (BPA) degradation by means of
electrochemical oxidation in aqueous solutions. This process was carried out by using a
platinum mesh or titanium supported lead oxide film as anodes. Synthetic effluents in
concentration ranging from 20 to 200 mgdm-3 and NaCl 2.8% at PH>10.5 were used. The
electrolysis of concentrated solution of BPA (2 mgdm-3) conducted on a mesh or lead
oxide anodes with a total current 100 Am-2. When lead oxide film electrode was used
instead of a platinum mesh, the rate of BPA disappearance, increases at the same current
density. The products of the decomposition are simple short chain aliphatic acids.
Kraft et al. [90] showed that, the electrolytic production of hypochlorite from tap water in
a flow-through reactor system is investigated using stacked platinum or iridium oxide
coated titanium sheet or expanded metal electrodes. An increase in the flow-through
24

velocity leads to an increased hypochlorite production rate which falls with increasing
temperature.
The electrocatalytic oxidation of 2-chlorophenol on a composite PbO2/polypyrrole (PPy)
electrode was carried out in 0.1 N H2SO4 solution. The composite PbO2/PPy electrode was
developed by the codeposition of polypyrrole and PbO2 microparticles on the Ti /PbO2SnO2 substrate. The PbO2 microparticles and polypyrrole in the composite electrode were
observed by hydrophilic active-sites and hydrophobic inactive-sites, respectively. The
results indicated that the conversion of 2-chlorophenol and the efficiency of
electrooxidation were improved on the hydrophobic modified PbO2/PPy electrode. The
performance for electrooxidation of 2-chlorophenol on the composite PbO2/PPy electrode
was better than that on Pt or Ti /PbO2-SnO2 electrodes. The thicker the composite
(PbO2/PPy) layer, the more active–sites in the composite electrode and the more 2chlorophenol could be oxidized [91].
In the case of phenol, oxidation occurs in accordance with a complex mechanism involving
both transfer of oxygen atoms and direct transfer of electrons [92]. It is often assumed that
the first step of oxygen transfer is the water molecule discharge at one electron leading to
the formation of a hydroxyl radical (OH•) adsorbed on an active site of the anode surface.
The second step is an electrophilic attack of the hydroxyl radical on the organic compound
transported from the bulk of the solution to the electrode interface. Theoretically most
organic compounds can be oxidized on classical anode materials such as Au, Pt, C, etc., if
the electrode potential value is sufficient to form the hydroxyl radicals. However, on these
anode materials, the oxygen transfer reactions are slow and characterized by low Faradic
yields; in fact, a loss of current occurs with formation of molecular oxygen [93, 94].
Thus, to oxidize an organic compound in an aqueous solution, an anode material with a
high oxygen overpotentail should be used. Among the materials which have this criteria
are tin (IV) dioxide, synthetic diamond, and lead (IV) dioxide [95, 96].
Electrochemical oxidation of 2-chlorophenol was studied at Ti/PbO2 and Ti/SnO2 anodes
[97]. The performance of the electrodes was evaluated in term of Faradic yield and fraction
of toxic intermediates removed during the electrolysis. The results showed that, although
similar average Faradic yields were obtained using Ti/PbO2 or Ti/SnO2 anodes, the latter
material is preferred because of its ability to oxidize toxic compounds.
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The initial stage of oxidation of aqueous solutions of p-chlorophenol (PCP) on Bi-doped
PbO2 electrodes have been studied. Form deconvolution and analysis of UV-Vis spectra of
the solutions obtained during electrochemical oxidation, benzoquinone and aliphatic acids
were identified as the primary oxidation intermediates; oxidation of benzoquinone was
found to be the slowest step during the early stages of the electrochemical combustion
process. The effect of competing adsorption of PCP and p-nitrophenol (PNP) on Bi-PbO2
was also examined, and the presence of PNP in solution was found to inhibit the rate of
addition of PCP during concurrent oxidation of both phenols [98].
Dimensionally stable anodes (DSA), discovered by Beer [98] in the seventies, are the
natural candidates. This designation denotes a class of thermally prepared oxide electrodes,
where a titanium substrate is covered by metallic oxides. Coatings on titanium include
TiO2, IrO2, RuO2 and Ta2O5. Combinations such as x(TiO2)/y(RuO2) and x(IrO2)/y(Ta2O5)
are currently marketed and used as electrodes, in a flow-cell reactor for the
electrooxidation of phenol [99] and also for the chlor-alkali industry. On the other hand,
some DSA type oxide electrodes may receive additions of SnO2 and Sb2O5 in
concentrations ranging from minor to main components.
Electrochemical degradation of phenol was evaluated at two typical anodes, Ti/RuO2–Pt,
Ti/IrO2–Pt and for being a treatment method in toxic aromatic compounds. The influences
of current density, dosage of NaCl, initial phenol concentration on electrochemical phenol
degradation were investigated. It was found that Ti/RuO2–Pt anode had a higher oxygen
evolution potential than Ti/IrO2–Pt anode, which will increase the current efficiency for
electrochemical degradation, and the instantaneous current efficiency (ICE) was relatively
higher at the initial time during phenol electrolysis. HOCl formed during electrolysis
would play an important role on the oxidation of phenol. For the Ti/RuO2–Pt anode, phenol
concentration decreased from around 8 mgL-1 to zero after 30 min of electrolysis with 0.3
gL-1 NaCl as supporting electrolyte at the current density of 10 mAcm-2. Although phenol
could be completely electrochemical degraded at both Ti/RuO2–Pt and Ti/IrO2–Pt anodes,
phenol degradation was slower at the Ti/IrO2–Pt anode than at the Ti/RuO2–Pt anode due
to the fact that passivation was to be found at the Ti/IrO2–Pt anode [87].
Electrocatalytic oxidation of o-nitrophenol was conducted by using Ti/Bi–PbO2 as anode
and stainless steel sheet as cathode. Ti/Bi–PbO2 anode displayed not only excellent
electrocatalytic performance but also low energy consumption. The Ti/Bi–PbO2 anode is a
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promising anode for the treatment of organic pollutants [100]. The complete removal of
o-nitrophenol from water was achieved by electrochemical degradation using Ti/PbO2
electrode [101].
Electrochemical oxidation of 4-chloroguaiacol (4-CG) at Nb/PbO2 anodes was studied
under different experimental conditions such as initial concentration of substrate,
electrolysis time, temperature and pH. The degradation of 4-CG was favored at high
temperature and lower initial concentration of 4-CG and low solution pH. However, the
increase of temperature has not a significant effect on the mineralization of carboxylic
acids [102]. Total degradation of phenol was obtained at alkaline pH when NaCl was
present using Bi-doped and pure lead dioxide electrodes. Measurements of chemical
oxygen demand (COD), phenol, carbon monoxide, carbon dioxide, and volatile organic
compounds (VOCs) have been used to characterize the electrochemical process for phenol
elimination [103].
The electrochemical activity of the Ti/Ce–PbO2 anode was investigated by means of bulk
electrolysis and compared with that of a PbO2 anode. The accelerated life test and oxidants
determination were also conducted. The results indicated that the incorporation of cerium
improved the electrocatalytic activity and stability of PbO2 anode. The service life of
Ti/Ce–PbO2 electrode was much longer than that of traditional lead dioxide electrode. The
electrochemical activity obtained from degradation of o-nitrophenol outperformed the
traditional lead dioxide electrode as well. The Ti/Ce–PbO2 electrode is considered a
promising anode for the treatment of organic pollutants [104].
The degradation of phenol at three different types of anodes, Ti/SnO2-Sb, Ti/RuO2, and Pt
was studied by Xiao-yan Li. et al. [83]. Although phenol was oxidized by all of the anodes
at a current density of 20 mAcm-2 or a cell voltage of 4.6 V, there was a considerable
difference between the three anode types in the effectiveness and performance of EC
organic degradation. Phenol was readily mineralized at the Ti/SnO2-Sb anode, but its
degradation was much slower at the Ti/RuO2 and Pt anodes.
The oxidation of different model compounds was studied at lead dioxide anodes in
undivided cells employing various current densities. Considerable differences in
oxidizability of organic substances were found by continuous measuring of CO2 during
anodic oxidation [105].
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Lead/lead oxide (Pb/PbO2) modified electrodes was prepared for electrocatalytic oxidation
of agrochemicals including herbicidal 2, 4-D (albar super) and pure 2, 4-dichlorophenoxy
acetic acid. The results of electrocatalytic oxidation process of the agrochemical solutions
were expressed in terms of the remaining concentration and COD removal. This electrode
gives good results for the removal of agrochemicals and COD. Also, the results showed the
best conductive electrolytes is NaCl. This observation was attributed to the small size of
Na+ and contribution of Cl- ion in formation of OCl- [106].
The electrochemical removal of tramadol hydrochloride from aqueous solutions was
investigated under several operating conditions using a Pb/PbO2 electrode [107].

1.8. Degradation of Linuron Pesticide
An excellent example of a compound of significant environmental concern, for which
consortial degradation has been demonstrated, is linuron [N′-(3,4-dichlorophenyl)-Nmethoxy-N-methylurea], which shown its chemical structure in Figure 1.6. This member of
phenylurea family, containing 28 other herbicides, has been in use since ca. 1965, to
control germinating and emerging grasses and broad-leafed weeds in field and fruit crops
[108]. Out of 27 EU member states, linuron is now forbidden in 7 countries, including
Denmark [109]. Depending on the crop and soil type, annual dosage of linuron ranges from
0.4 to 6 kg per hectare [110]. Moderate solubility in water (64 mgL-1) may results in
leaching groundwater resources, and linuron has been detected in ground waters in
concentrations ranging from picograms to milligrams per liter [111, 112]. Linuron and its
metabolite, 3,4 dichloroaniline (3,4-DCA), are suspected to be endocrine disruptors [113].
Microbial degradation of linuron has been recognized to be the main route of its removal
from the environment with the half-life for different soils ranging from 30 to 150 days
[114].
Phenyl-urea derivatives are reported to be among the most widely used herbicides in
agriculture today [115]. They are used as systemic herbicides (isoproturon and
chlortoluron) to control broadleaf and grassy weeds in cereals and other crops, in cotton
fields (linuron), as total herbicides in urban areas (diuron), and as algicides in paints and
coatings (diuron). They have been detected in wastewater effluents and drinking water
sources around the world at concentrations of mg L-1 [116], and have received particular
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attention in recent years because of their toxicity and possible carcinogenicity to humans
and wildlife even at low concentrations [117].
In addition, linuron is a weak competitive androgen receptor antagonist in vitro, induces a
positive response in the immature and adult rat Hershberger assay and suppresses androgen
dependent gene expression [118 – 120].
Half-life in soil ranges from 38 to 67 days for linuron [111]. Therefore, this compound has
been found as contaminants in surface and ground waters [121] and microbial degradation
is considered to be the primary mechanism for their dissipation from soil.

Fig.1.6: Chemical structure of linuron.

The environmental problem generated by phenylurea herbicides makes necessary their
removal from waters matrices. In general, the different technologies developed for the
elimination of refractory organic micropollutants from drinking and wastewaters include
chemical oxidation methods, which are successfully applied in drinking water purification
plants. These chemical procedures are based on the application of oxidizing reagents such
as UV radiation, ozone, hydrogen peroxide, etc [122], or combination of oxidants in the
advanced oxidation processes (AOPs) [123, 124]. The biological degradation of pesticides
is generally difficult to their high content in toxic matter. Today the main disposal method
of obsolete stock is incineration, an impractical and expensive procedure. Hightemperature incineration in dedicated hazardous waste incinerators is currently
recommended method for obsolete pesticide treatment. However, sophisticated incinerators
do not exist in developing countries and the hazardous wastes incinerating in incinerators
change new toxic wastes giving off and into the air [125, 126].
A few of treatment techniques for wastewater which contains linuron has been reported by
using O3/H2O2 [127], direct photolysis [128], Fenton [129]. Recent reports indicate that a
combination of H2O2 and UV irradiation with Fe (II), so-called the photo-Fenton process,
can significantly enhance decomposition of many refractory organic compounds.
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The degradation of linuron was investigated for its reaction kinetics by different treatment
processes including ultraviolet irradiation (UV), ozonation (O3), and UV/O3. The decay
rate of linuron by UV/O3 process was found to be around 3.5 times and 2.5 times faster
than sole-UV and ozone-alone, respectively. Experimental results also indicate overall rate
constants increased exponentially with pH above 9.0 while the increase of rate constants
with pH below 9 is insignificant in O3 system. All dominant parameters involved in the
three processes were determined in the assistant of proposed linear models [130].
The application of TiO2/H2O2/Vis (visible light) process for the aqueous degradation of
linuron has been investigated. The performance of TiO2/H2O2/Vis process has been
compared with other processes such as TiO2/H2O2 in the dark, TiO2/Vis, and H2O2/Vis in
terms of linuron decay. The result showed that more than 70% linuron could be
decomposed in the TiO2/H2O2/Vis [131].
The degradation of linuron in TiO2 suspension with and without H2O2 was investigated
under the irradiation of visible light at 419 nm. The removal of linuron in TiO2-P25
suspension can be increased from 10% to nearly 100% by simply adding H2O2 to the
process after 3 h of reaction. Various types of TiO2 including anatase, rutile and TiO2-P25
exhibited different photocatalytic activities on linuron decay, while their performances
were strongly dependent on the presence and/or absence of H2O2. The performance of
using other metal oxides (semiconductors) as alternatives for TiO2 was also studied.
Among three selected semiconductor oxides, ZnO was found to be most effective for the
reaction without H2O2, while significant rate enhancement was observed for TiO2-P25 and
WO3 as H2O2 was used. The H2O2-assisted TiO2 photocatalysis using visible light could be
optimized by adjusting TiO2 dosage, initial concentration of H2O2 and the initial pH of the
system. The linuron decay rate, generally, increased with the increase of TiO2 dosage, but
too high the TiO2 was not cost-effective due to the light. The initial H2O2 concentration did
not show a significant influence on the reaction rate because the amount of the available
electrons on the TiO2 surface is likely the rate-limiting factor rather than the concentration
of H2O2. A neutral initial pH level was found to be favorable for the H2O2-assisted
photocatalysis under visible light, which made the proposed process more attractive for
real application [132].
Ozone process has widely been applied in the treatment of particular organic substances of
concern, such as 2,4-dichlorophoxyacetic acid [133], trichlorophenol [134] and atrazine
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[135]. However, the reactions between organic substances and ozone are highly
electrophilic and selective [136], which limit the application of the ozonation as a sole
treatment process in meeting drinking water requirements. Therefore, intensive efforts
have been put into the research about ozone associated with other oxidation processes,
such as O3/H2O2 [137], Ultrasound/O3 [138], UV/O3 [139], ozonation coupled with
photocatalysis [140], and ozonation combined with electrolysis [141], in which hydroxyl
radical oxidation is believed to play a key role in the mineralization of organic substances
due to its non- selective property.
A comprehensive study of the degradation of linuron, was conducted by using different
treatment processes including UV, ozonation and UV/O3. The effect of various anions on
the performance of ozonation has been examined. N-terminus demethoxylation,
photohydrolysis with or without dechlorination, and N-terminus demethylation have been
found to be the major mechanisms in the linuron decay under the irradiation of UV at 254
nm while N-terminus demethoxylation, dechlorination and hydroxylation on benzene ring
was observed to be involved in the ozonation process. UV/O3 has demonstrated the best
performance among these three processes in terms of linuron decay, mineralization,
dechlorination and de-nitrogenation [142].
Katsumata et al.,[143, 144] studied two methods for the photodegradation of linuron. First
one, in the presence of Fenton reagent. The degradation rate was strongly influenced by the
pH and initial concentrations of H2O2 and Fe(II). An initial linuron concentration of 10
mgL−1 was completely degraded after 20 min under the optimum conditions. The degree of
linuron mineralization was about 90% under UV irradiation after 25 h. It was found that
the photo-Fenton reaction is strongly affected by the solution of pH, the concentration of
Fe (II), the initial concentration H2O2 and the irradiation time. Linuron was completely
degraded after 20 min if the Fe (II) concentration was selected as 4×10–5 mol L–1. The
second study was by using sonochemical photodegradation of linuron in the presence of Fe
(II). The degradation rate was strongly influenced by initial concentration of Fe (II) and
solution pH. The optimal Fe (II) concentration and pH were found to be 1.2×10−4 mol L−1
and 3.0, respectively. An initial linuron concentration of 10 mgL−1 was completely
degraded by ultrasound/Fe(II)/UV system after 20 min under the optimum conditions
while only 79.3% of linuron was decomposed under ultrasonic irradiation.
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The coupling of photo-Fenton (chemical) and biological treatments for the removal of
diuron and linuron herbicides from water has been studied by Farre et al. [145– 147].
Several ways was searched by Benitez et al., [148– 151] for the removal of four
phenylurea herbicides (isoproturon, chlortoluron, diuron and linuron). They studied their
chemical degradation in different water matrices by using UV radiation, ozone and some
advanced oxidation processes (UV/H2O2, O3/H2O2, Fenton reagent and the photo-Fenton
system).

In other study, they dissolved these pesticides in two water matrices (a

groundwater and a reservoir water) and subjected to sequential combinations of chemical
treatments and membrane filtration processes. Two specific sequences were conducted:
firstly, a chemical oxidation stage (where UV radiation, ozone and ozone plus hydrogen
peroxide were used) followed by a nanofiltration process; and secondly, a membrane
filtration stage (by using UF and NF membranes) followed by an ozonation stage. High
removals (over 80%) were reached for the phenyl-ureas elimination by most of the
combined processes tested [152].
The degradation of phenylurea herbicides following application to agricultural fields is
predominantly microbial. However, evidence suggests a slow degradation of the phenyl
ring, and substantial spatial heterogeneity in the distribution of active degradative
populations, which is a key factor determining patterns of leaching losses from agricultural
fields. This review summarizes current knowledge on the microbial metabolism of
isoproturon and related phenylurea herbicides in and below agricultural soils. It addresses
topics such as microbial degradation of phenylurea herbicides in soil and subsurface
environments, characteristics of known phenylurea-degrading soil micro-organisms, and
similarities between metabolic pathways for different phenylurea herbicides [153].
In this study, an electrochemical degradation method was applied on linuron pesticide by
using modified electrodes ( Pb/PbO2 and C/PbO2 ). The effect of pH, concentration of
electrolyte, conductive electrolyte type, current density, time of electrolysis, initial
concentration of linuron solution, and temperature were studied to find the optimum
conditions for the removal of this organic pollutant from water. Experimental study was
conducted using visible spectrophotometric techniques to determine the remaining
concentration and chemical oxygen demand (COD), which is the amount of oxygen in
terms of mg which is equal to amount of oxidazible part of matters in 1 liter of same water
by a strong oxidizing agent [154].
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1.9. Aim of the Work
The present work aims to develop a new separation method by using Thin Layer
Chromatographic technique (TLC) and optimization of solid phase extraction (SPE) for
determination the limit of detection (LOD) for nine pesticides which are widely used in
Gaza Strip and applying this method on real water sample.
The second purpose is developing an electrochemical degradation method using modified
electrodes (Pb/PbO2 and C/PbO2) for the removal of linuron pesticide from aqueous
solution.
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CHAPTER TWO

" EXPERIMENTAL PART "

2. EXPERIMENTAL PART
2.1. Experimental Part for the Chromatographic Conditions
In this study, a new densitometric method with TLC technique was applied for separation
and determination of investigated pesticides in water. SPE conditions were optimized. The
validation of method which includes calibration curves, linearities, recoveries and LODs
were examined.

2.1.1. Instrumentation
•

The densitometric measurement was carried out on a Shimadzu Dual Wavelength –
Flying Spot Scanning, CS-9301 (PC) S, with Deuterium lamp for UV.

•

The spots were located by viewing under UV- Lamp 365-254 nm, VL-6LC, from
Vilber Lourmat, France.

•

An analysis micro balance was used for weighing the pesticides in order to prepare the
stock solutions.

•

Bakerbond SPE TM C18 extraction disposable columns from J.T.Baker., Germany.

•

To measure and adjust the pH of buffer solutions a pH-meter (HM-40v, Japan) was
used.

•

VisiprepTM and visiprep-DL solid-phase extraction vacuum unit from Sigma-Aldrich
Co.

2.1.2. Materials and Chemicals
•

The thin-layer chromatographic (TLC) plates, Alurgram Sill G/UV254, used for the
separation of pesticides is silica gel 60 F254 aluminum sheets, 20 x 20 cm, from
Macherey-Nagel, Germany.

•

Developing chambers 23 x 8 x 22.5, 14 x 9.5 x 12 and 6 x 6 x 9 cm were used.

•

Disposable micropipettes (1 and 2 μL) were used to apply the substance on TLC plates
and transfer pipette for preparing stock solutions and dilutions.

•

Transfer micro pipettes with different volumes were applied.
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•

All the solvents used, namely methanol, ethyl acetate, chloroform, toluene, acetone,
hexane, cyclohexane, dichloromethane, ethanol and water were of analytical grade
which purched from Sigma-Aldrich.

•

Pesticide reference standards: imidacloprid, benomyl, abamectine, cymoxanil, diuron,
penconazole, linuron, atrazine and propazine were purchased from Dr. Ehrenstorfer
GmbH, Germany, with purity of 99.9%.

2.1.3. Characterization of the Investigated Pesticides
Table 2.1. illustrate the important characterization of the nine tested pesticides in the
present work. The information and properties of pesticides was found from Manual of
Pesticide Residue Analysis [22], WHO [155] and Pesticides Properties Data Base (PPDB).
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Table 2.1. Characterization of the ivestigated pesticides.

Pesticide

Group –
subgroup

Mol.
Weight
(g mol-1)

Solubility
in Water
(mgL-1
at 20oC)

Wave
length
(nm)

IUPAC name

Chemical
Formula

C9H10ClN5O2

255.66

610

270 - 212

Imidacloprid

Imidaolinone

(E)-1-(6-chloro-3pyridylmethyl)-Nnitroimidazolidin-2ylideneamine.

Benomyl

Carbamate Benzimidazole

methyl 1(butylcarbamoyl)
benzimidazol-2ylcarbamate

C14H18N4O3

290.32

2

279, 235

Cymoxanil

Acetamide aliphatic
nitrogen Cyanoacetamide
oxime.

1-[(EZ)-2-cyano-2methoxyiminoacetyl]3-ethylurea.

C7H10N4O3

198.18

780

264, 244

Diuron

Phenylurea

3-(3,4-dichlorophenyl)1,1-dimethylurea.

C9H10Cl2N2O

233.09

35.6

250,252, 211

73

215, 220,
273, 281, No
absorption
maximum
above
290nm.

Penconazole

Azole – Triazole
- Conazole

(RS)-1-[2-(2,4dichlorophenyl)pentyl]
-1H-1,2,4-triazole.

C13H15Cl2N3

284.18
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Chemical structure

Linuron

Phenylurea

3-(3,4-dichlorophenyl)1-methoxy-1methylurea

C9H10Cl2N2O2

249.09

64

215, 250,
211, 242,
280

Atrazine

Triazine chlorotriazine

6-chloro-N2-ethyl-N4isopropyl-1,3,5triazine-2,4-diamine.

C8H14ClN5

215.68

35

222, 223,
268

Propazine

Triazine Chlorotriazine

6-chloro-N2,N4diisopropyl-1,3,5triazine-2,4-diamine.

C9H16ClN5

229.71

8.6

222, 220,
260

37

Abamectin

Antibiotic Acaricide,
Nematicide

mixture of ≥ 80%
(10E,14E,16E)(1R,4S,5′S,6S,6′R,8R,1
2S,13S,20R,21R,24S)6′-[(S)-sec-butyl]21,24-dihydroxy5′,11,13,22tetramethyl-2-oxo(3,7,19trioxatetracyclo[15.6.1.
14,8.020,24]pentacosa10,14,16,22-tetraene)6-spiro-2′-(5′,6′dihydro-2′H-pyran)-12yl 2,6-dideoxy-4-O(2,6-dideoxy-3-Omethyl-α-L-arabinohexopyranosyl)-3-Omethyl-α-L-arabinohexopyranoside and ≤
20% (10E,14E,16E)(1R,4S,5′S,6S,6′R,8R,1
2S,13S,20R,21R,24S)21,24-dihydroxy-6′isopropyl-5′,11,13,22tetramethyl-2-oxo(3,7,19-trioxatetracyclo
[15.6.1.14,8.020,24]penta
cosa-10,14,16,22tetraene)-6-spiro-2′(5′,6′-dihydro-2′Hpyran)-12-yl 2,6dideoxy-4-O-(2,6dideoxy-3-O-methyl-αL-arabinohexopyranosyl)-3-Omethyl-α-L-arabinohexopyranoside.

C48H72O14 (av
ermectin B1a)
+
C47H70O14 (av
ermectin B1b)

866.6
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1.21

244, 239,
253

2.1.4. Solutions
2.1.4.1. Stock Solutions
Stock solutions (stk sol) for pesticides were prepared by weighing 1 mg of each pesticide
and dissolving in 1 ml of suitable solvent. The abamectine, cymoxanil, diuron, linuron and
atrazine were dissolved in ethyl acetate while benomyl was dissolved in ethanol,
penconazole in dichloromethane, propazine in toluene, and imidaclopride was dissolved in
dichloromethane.

2.1.4.2. Dilutions for Linearity and Limit of Detection (LOD)
Limit of detection (LOD) is the lowest concentration of a pesticide residue in a defined
matrix where positive identification can be achieved using a specified method [158].
Starting from the stock solutions different dilutions were prepared in the range between 5
and 1000 ng 2μl-1 for the determination of LOD as shown in Table 2.2.
Table 2.2 : Dilutions scheme for the determination LOD of the pesticides.

Dilutions

Mixing schema

Concentration

Dilution 1

500 μl stk sol + 500 μl solvent

1000 ng 2μl-1

Dilution 2

500 μl dil 1 + 500 μl solvent

500 ng 2μl-1

Dilution 3

400 μl dil 1 + 600 μl solvent

400 ng 2μl-1

Dilution 4

500 μl dil 3 + 500 μl solvent

200 ng 2μl-1

Dilution 5

250 μl dil 3 + 750 μl solvent

100 ng 2μl-1

Dilution 6

500 μl dil 5 + 500 μl solvent

50 ng 2μl-1

Dilution 7

250 μl dil 5 + 750 μl solvent

25 ng 2μl-1

Dilution 8

400 μl dil 7 + 600 μl solvent

10 ng 2μl-1

Dilution 9

500 μl dil 8 + 500 μl solvent

5 ng 2μl-1

Both the stock solutions and the dilutions were stored in a refrigerator. Because of the
toxicity of the investigated pesticides direct skin or cloth contact was to be avoided during
the preparation of the stock solutions and dilutions.
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2.1.5. Stationary Phase and Mobile Phases
The following mobile phases (MP) were tested for the separation of nine pesticides on the
stationary phase of silica gel 60 F254 aluminum sheets, size 20 x 20 cm, from Merck:
MP 1: Ethyl acetate
MP 2: Chloroform
MP 3: Ethyl acetate / methanol (1 : 1)
MP 4: Chloroform / ethyl acetate / methanol (2 : 3 : 2)
MP 5: Chloroform / ethyl acetate (2 : 3)
MP 6: Chloroform / toluene (8 : 7)
MP 7: Toluene / ethyl acetate (3 : 2)
MP 8: Toluene / ethyl acetate (2 : 1)
MP 9: Toluene / ethyl acetate (3 : 1)
MP 10: Toluene / chloroform (2 : 1)
MP 11: Toluene / chloroform / ethyl acetate (1 : 1 : 1)
MP 12: Toluene / chloroform / ethyl acetate (3 : 1 : 1)
MP 13: Toluene / chloroform / ethyl acetate (3 : 2 : 2)
MP 14: Toluene / ethyl acetate (10 : 1)
MP 15: Toluene / chloroform (3 : 2)
MP 16: Ethyl acetate / cyclohexane ( 1 : 1)
MP 17: Ethyl acetate / cyclohexane ( 1 : 2)
MP 18: Acetone / cyclohexane (1 : 2)
MP 19: Acetone / cyclohexane (2 : 3)
MP 20: Acetone / cyclohexane (1 : 3)
MP 21: Acetone / toluene (1 : 2)
MP 22: Acetone / hexane (2 : 5).
And all percents in this study are ( v/ v ).

2.1.6. Optimization of SPE
Different variations of solid phase extractions were tested for its reproducibility of the
extraction and / or enrichment of the investigated pesticides. To ascertain satisfied results
each step of the SPE procedure has to be optimized.

40

2.1.6.1. Optimization of the Conditioning Step
While the tested pesticides are non to moderately polar, reversed phase mechanism was
applied. For this type, silicas and nonpolar adsorption media usually are conditioned with a
water-miscible organic solvent such as methanol, followed by water or an aqueous buffer
[77]. Thus, different volumes of methanol and water (from 1 ml to 10 ml) were applied to
get the best activation sorbent.

2.1.6.2. Optimization of the Loading Step
For reversed phase SPE procedures on bonded silicas, if trapping the analyte in the tube is
desired, the pH of the conditioning solution and sample (if mostly or entirely aqueous)
should be adjusted for optimum analyte retention. Two pH ranges was tested, 3- 4 and 5-6
and the flow rate was adjusted.

2.1.6.3. Optimization of the Washing Phase
To optimize the washing phase the extraction cartridge was washed with different volumes
of methanol and water (from 1 ml to 10 ml) and collected in portion. They were evaporated
to dryness, redissolved in 100 μL of acetonitrile and analyzed densitometrically.

2.1.6.4. Optimization of the Drying Step
In the case of pesticides the drying step process is an important position within the SPE
procedure. If the RP-C18 materials are still moist it will lead to inhomogeneous extraction
of the substances or it might lead to increased elution of the accompanied components [2].
The cartridges were dried using the vacelute station by which the air in the cartridges was
sucked at different time intervals under a constant pressure of 10 mm Hg.

2.1.6.5. Optimization of the Elution
One of the most important and difficult steps by the SPE is to fined out the right eluate
with higher affinity to substances than to solid stationary phase and the suitable elution
volume. For the elution of investigated pesticides different volumes of methanol and
acetonitrile were tested separately in 1 ml potions. Slow or drop wise flow rates in this step
are beneficial [78]
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2.2. Experimental Part for the Electrochemical Degradation of Linuron
2.2.1. Instrumentation
•

Mass spectrophotometer from Shimadzu double-beam UV-visible.

•

DC power supply (model GP4303D, LG Precision CO. Ltd, Korea).

•

pH meter.

•

Digital multi-meter (kyoritsu model 1008, Japan).

•

Closed reflux titrimetric unit, COD 2-hour reflux.

2.2.2. Electrodeposition of Doped Lead Dioxide at Different Substrates
2.2.2.1. Preparation of Pb/PbO2 Modified Electrode
A. Lead Surface Treatment
Pretreatments of the lead substrate were carried out before anodization to ensure good
adhesion lead dioxide film. Lead was first roughened to increase the adhesion of PbO2
deposit via subjecting its surface to mechanical abrasion by sand papers of different grades,
down to 4/0. Then, it was cleaned by acetone to remove sand particles or any other
particles lodged in the metal surface. This process has a great application and good
penetrating power. Then it was treated with an alkali solution [a mixture of sodium
hydroxide (50 gL-1) and sodium carbonate (20 gL-1), Tri-sodium orthophosphate (20 gL-1)
and sulphuric acid (2 gL-1)]. Uniform and well adhesive deposit necessitates a smooth
surface with no oxide or scales. To confirm our preparation , the lead substrate was soaked
for 2 min. in a pickling solution consisting of nitric acid (400 gL-1) and hydrofluoric acid
(5 gL-1) and then chemically polished in boiled oxalic acid solution (100 gL-1) for 5 min.
[156].

B. Electrochemical Deposition of PbO2
PbO2 was deposited galvanostatically on the pretreated lead substrate by electrochemical
anodization of lead in oxalic acid solution (100 gL-1). This acid solution was electrolyzed
galvanostatically for 30 min. at ambient temperature using an anodic current density of
100 mAcm-2. The cathode was stainless steel (austenitic type), the two electrodes were
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concentric with the lead electrode was axial. This arrangement gave the formation of a
regular and uniform deposit [156].

2.2.2.2. Preparation of C/PbO2 Modified Electrode
A. Carbon Surface Treatment
Pretreatment of Carbon rod (8mm × 25cm) was carried out following the procedure
applied by Narasimham and Udupa [157]. The carbon rod was soaked in 5% NaOH
solution for 10 min., washed with distilled water, dried in furnace at 105oC for 120 min.,
and cooked with linseed oil to reduce the porosity of rod. The electrode after the previous
treatment is ready to receive doped PbO2 .

B. Electrochemical Deposition of PbO2
The electrodeposition of PbO2 was performed at constant anodic current of 20 mAcm-2
from 12% w/v Pb(NO3)2 solution containing 5% w/v CuSO4.5H2O and 3% CTAP
surfactant. The role of the surfactant is minimizing the surface tension of the solution.
Electrodeposition was carried out for 60 min. at 80oC with continuous stirring [157].

2.2.3. Chemicals
All chemicals and reagents used in this study were used as received without further
purification. Sodium chloride, sodium fluoride, sodium carbonate, sodium sulphate,
calcium chloride, potassium chloride, sodium hydroxide, sulphuric acid, potassium
dichromate, silver sulfate, sodium thiosulphate, tri-sodium orthophosphate, sulphuric acid,
nitric acid, oxalic acid, hydrofluoric acid and hydrochloric acid were of analytical grade
and purchased from Merck. Linuron pesticide was purchased from Dr. Ehrenstorfer GmbH
(Germany) with purity of 99.9%. Other reagents were of the analytical grade. Distilled
water was used to preparation the solutions.

2.2.4. Solutions
Different standard solutions of linuron with concentration from 10 – 70 mgL-1 were
prepared to measurement the degradation in different conditions.
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2.2.5. Reagents
Standard solutions of potassium dichromate (K2Cr2O7) and sulfuric acid (H2SO4) reagent
with silver sulfate (Ag2SO4) were prepared to measure the COD [154]. Other reagents were
used for preparation the electrodes shown in section 2.2.2.

2.2.6. Electrolysis for Degradation of Linuron
Galvanostatic electrolyses were carried out at Pb/PbO2 and C/PbO2 electrodes,

with

current density ranging from 0 to 400 mAcm-2 with potential ranging from 1-12 volts.
Runs were performed at 5 - 40oC. Solutions of 50 mgL-1 of pure linuron solution were
used. Electrolysis done with 1 gL-1 of different types of electrolytes NaCl, CaCl2, KCl,
Na2CO3, NaF, and Na2SO4, at sodium chloride concentration from 0.025-10 gL-1 with pH
around 1.5-12. The electrolysis of time ranges from 0-180 min.
The electrolysis of the aqueous solution containing the linuron to be treated
electrochemically was carried out in one compartment Pyrex glass cell of 50 ml volume
with the prepared Pb/PbO2 and C/PbO2 as anode and austenitic stainless steel as cathode.
DC power supply was used for the degradation of linuron pesticide. The current and
potential measurements were carried out using digital multi-meter.

2.2.7. Analysis
Two main parameters were measured to evaluate the electrochemical treatment efficiency,
remaining pollutant concentration and COD (chemical oxygen demand). Remaining
pollutants (linuron) concentration was measured with the spectrophotometer at λmax =242.5
nm using calibration curve with standard error ± 0.2%. While the COD was determined
using a closed reflux titrimetric method.

2.2.8. Electrical Cost Calculation of Linuron Degradation
The cost of degradation of linuron per one liter:
Cost = Electrical energy consumption × price in Dollars
Electrical energy consumption( kws-1) = I t v / (1000 × 3600).
Where I: current density (A), t: time in hour, v: volt used (V).
Price in Dollar = 2.5 × 10-8 $.
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CHAPTER THREE

" RESULTS

AND
DISCUSSION "

3.1. Results and Discussion for the Chromatographic Conditions
3.1.1. Chromatographic Optimization for Separation onto TLC
The nine pesticides to be included in this study were applied onto silica gel 60 F254 TLC
plates using 2μL micro caps while the distance between each two spots 1 cm. The listed
mobile phases in section 2.1.6. were tested for their separation. The MP 17 is separated
only seven of tested pesticides due to overlapping between benomyl with abamectine and
cymoxanil with diuron. The MP 18 (Acetone/cyclohexane 1:2) was found best suited for
the separation of the nine pesticides on TLC for development distance of 10 cm and it
showed a better resolution as shown in Figure 3.1.

Fig. 3.1. Chromatogram representation of the nine investigated pesticides on silica gel TLC
plate; 1) Propazine, 2) Atrazine, 3) Linuron, 4) Penconazole, 5) Diuron,
6) Cymoxanil, 7) Abamectine, 8) Benomyl and 9) Imidaclopride; MP 18:
acetone/cyclohexane 1: 2 (v/v); under UV- light λ = 254 nm.

To optimize the separation of investigated pesticides on the silica gel TLC plates; the silica
plate was prewashed with ethanol. After drying at room temperature 2 μL of the pesticides
mixture were applied on the TLC plate and developed in Acetone/cyclohexane (1:2) as
mobile phase for 10 cm. The TLC plate was then dried at room temperature and the spots
were located under UV- light (wavelength = 254 nm). It was observed that when
developed to 20 cm distance on TLC, it gave bad resolution because acetone was
volatilized after 10 cm leaving cyclohexane only. Scanning of the spots occurred with aid
of the CS-9301 Shimadzu densitometer in the opposite direction of the developing axis at a
reflection mode at 270 nm and beam size = 0.4 x 10 mm. different wavelengths was tested
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at 222, 245, 255, and 285 nm. The deuterium lamp was used. Figure 3.2. illustrates the
densitogram of the nine investigated pesticides.

Fig. 3.2. Densitogram obtained from separation of the nine investigated pesticides on silica gel TLC plate (10
cm); 1) Propazine, 2) Atrazine, 3) Linuron, 4) Penconazole, 5) Diuron, 6) Cymoxanil, 7) Abamectine,
8) Benomyl, 9) Imidaclopride; mobile phase: acetone/ cyclohexane 1: 2 (v/v); λ = 270 nm.

3.1.1.1. Determination the Retention Factor (Rf) Values
The Rf values for each pesticide which obtained by using Acetone / cyclohexane (1:2) as a
mobile phase are listed in Tab.3.1. The migration distance of each pesticide and the
separation distance were measured by densitometer scanner.
Table 3.1: The Rf values obtained using Acetone / cyclohexane 1 : 2 (v/v) as a mobile phase.

pesticide

Rf

Imidacloprid

0.10

Benomyl

0.14

Abamectine

0.20

Cymoxanil

0.23

Diuron

0.29

Penconazole

0.38

Linuron

0.43

Atrazine

0.51

Propazine

0.57
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3.1.1.2. Determination of Linearity and LOD
For the determination of linearity and sensitivity of the detection of the nine pesticides on
silica gel TLC, solutions with different concentrations were prepared in the range between
5 and 1000 ng 2μL-1 (see Tab. 2.2.). The silica gel TLC plates were prewashed in ethanol.
The different concentrations were applied onto the plates using 1 and 2 μL micro caps.
After drying there were developed in acetone / cyclohexane (1: 2). The spots were scanned
with the help of the CS-9301 Shimadzu densitometer in the cross lateral direction of the
developing axis under the same chromatographic conditions mentioned above. Figures
(3.3 – 3.11) show the calibration curves of each pesticide.
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The correlation coefficient, regression equations and LOD are listed in Tab. 3.2. A detection
limit of 25 - 100 ng per spot for eight of pesticides were reached, which meet the European
limits for pesticides in drinking water (100 ngL-1) [1]. However, penconazole has weak UVabsorption, so that it showed higher LOD (200 ngL-1 ).
Table 3.2: The correlation coefficient, regression equations and LOD values for nine pesticides tested
at specific wavelength.

Pesticide

Wavelength
λ (nm)

correlation
coefficient
(R2)

regression
equations

LOD
(ngL-1)

Imidacloprid

270

0.9989

y = 0.1518x + 8.0577

100

Benomyl

279

0.9992

y = 0.2521x + 15.946

25

Abamectine

244

0.9991

y = 0.0479x + 6.1537

100

Cymoxanil

244

0.9920

y = 0.076x + 13.32

100

Diuron

250

0.9989

y = 0.2479x + 5.2442

25

Penconazole

220

0.9987

y = 0.1261x - 12.504

200

Linuron

250

0.9992

y = 0.1799x + 0.6208

25

Atrazine

222

0.9993

y = 0.3556x + 4.0515

50

Propazine

222

0.9983

y = 0.1207x + 25.003
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3.1.2. Extraction of Spiked Sample
The cartridge used for enrichment of the pesticides is Bakerbond RP-C18, 500 mg, 3 ml. The
C18 is the most non-polar cartridge available. The retention ability depends on a non-polar
mechanism. Strong non-polar compounds can not be eluated using C18 cartridges. The ability
for polar interaction depends on the dominant effect of the carbon-hydrogen chain. C18 is very
suitable for method development because of its low selectivity and hence it can be used for the
extraction of the most aqueous environment [2].
The meaning of pH in SPE is very important. Solutions used in SPE procedures have a very
broad pH range. Silica-based packings usually have a stable pH range of 2 to 7.5 and at pH
levels above and below this range, the bonded phase can be hydrolyzed and cleaved off the
49

silica surface, or the silica itself can be dissolved. In SPE, however, the solutions usually have
a contact with the sorbent for a short period of time. The fact that SPE cartridges are
disposable, and are meant to be use only once, allows one to use any pH to optimize retention
or elution of analytes [77]. Thus, when tested the range of pH 3-4 it was yields low recoveries
between 44 – 73% . This refers to unretained of most analyte to bond with the sorbent.
One liter of water was adjusted at pH 5-6 and spiked with 200 μL (500 ng) solution of the
investigated pesticides. The Bakerbond SPE C18 was firstly washed with different volumes
of methanol and water. It was found that 10 mL methanol and then conditioned with 5 mL
water sufficient for activation sorbent. After allowing the sample to pass through cartridges
with a rate of 2-3 mL min-1 then the cartridges were washed with 3 mL water and let drying
for 20 min under vacuum. The cartridges were eluted with 5 ml acetonitrile. Using this
procedure it was found that 5 ml of the acetonitrile was sufficient enough to elute the most
pesticides from the solid material of the cartridges. The eluate was then evaporated to dryness
by a stream of nitrogen gas. The drying step process an important position within the SPE
procedure.
If the RP-C18 materials are still moist it will lead to inhomogeneous extraction of the
substances or it might lead to increased elution of the accompanied components [2]. The
cartridges were dried using the vacelute station by which the air in the cartridges was sucked
at different time intervals under a constant pressure of 10 mm Hg. With the Bakerbond C18
cartridge it was found that 20 min were an optimal drying time. Then it was found that 5 ml of
the acetonitrile was sufficient enough to elute the most pesticides from the solid material of
the cartridges and redissolved in 100 μL acetonitrile for analyzed densitometrically. The
complete eluate was then applicated onto the TLC plates in 1 cm bands. The distance between
the bands was 1 cm. The same procedure was applied to extract the investigated pesticides
from real water sample. Recoveries and standard deviation determined by Bakerebond
cartridges are shown in Table 3.3.
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Table 3.3 : Recoveries, standard deviation (SD) and relative standard deviation (RSD) after SPE of the
investigated pesticides on RP-C18 bakerebond cartridges (500 ng/ spot).

Pesticide
Imidacloprid
Benomyl
Abamectine
Cymoxanil
Diuron
Penconazole
Linuron
Atrazine
Propazine

Areas
523.5
508.2
528.4
285.1
278.6
290.4
218.6
230.5
221.1
267.8
280.6
263.1
183.9
180.2
191.6
188.9
181.7
195.6
154.3
158.5
152.7
476.4
467.2
498.9
338.9
326.6
340.2

Average

SD

RSD %

Recoveries %

520.0

10.5

2.01

94.8

284.7

5.90

2.07

85.9

223.4

6.25

2.79

79.8

270.5

9.05

3.34

92.5

185.2

5.80

3.10

95.8

188.7

6.95

3.68

79.4

155.2

2.99

1.92

103.7

480.8

16.30

3.40

95.3

335.2

7.50

2.20

80.5

The recoveries obtained were between 79.4 and 103.7 %. The relative standard deviations
were very acceptable and lie between 1.92 and 3.68 %. The areas of peaks was calculated by
the densitometer while SD and RSD was calculated by the equations:

,
Where, S: standard diviation, X: the individual source, X : mean, n: number of sources [50].
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3.1.3. Advantages of the Chromatographic Method Used for Determination
the Investigated Pesticides
From the results obtained, it is clear that TLC technique was proved an efficient, validation
and high sensitivity for determination the nine pesticides. The separation of nine pesticides in
one developing method by using reliable solvents is an important advantage to determine the
pesticides. The analysis showed good repeatability (RSD) ≤ 3.7%, linearity (R2) ≥ 0.992, good
recoveries ≥ 79.4 and determined low concentrations with LOD ≤ 100 ngL-1 except of
penconazole (200 ngL-1).
The method used is inexpensive by using very low volume of solvents and low operating coast
compared with HPLC or GC. It features important is screening and detection low quantity of
these pesticides meeting to the EU limit. The most characterization of the method is the speed
for quantitative and qualitative analysis which consumed acceptable time for all steps.
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3.2. Results and Discussion for the Electrochemical Degradation of Linuron
3.2.1. Mechanism of the Electrochemical Oxidation of Organic Pollutants
The electrochemical oxidation of many organic pollutants in aqueous solutions on anode could
take place by direct electron transfer or oxygen atom transfer. In addition to direct oxidation,
organic pollutants can also be treated by an indirect electrolysis generating chemical reactant
to convert them into less deleterious products. Oxidation of these pollutants might go further
to carbon dioxide and water via successive reactions. Each of them could proceed through
several steps such as mass transport, adsorption and direct or indirect reaction at the anode
surface.
The direct electrochemical oxidation of organic compounds could generally occur through the
following mechanism in which the first step is the oxidation of water molecules on the
electrode surface ( MOx ). This process may give rise to formation of hydroxyl radicals
according to:
k1
MOx + H 2O →
MOx [OH •] + H + + e −

(2)

The produced hydroxyl radicals can be oxidized to a higher state forming the so-called higher
oxide:
k2
MOx [OH •] →
MOx [O] + H + + e −

(3)

The role of the formed higher oxide is the participation in the formation of selective oxidation
of the organic pollutants ( R ) without complete incineration:
k3
MO x [O] + R →
RO + MO x

(4)

The above route can take place only if the transition of the underlying oxide to a higher
oxidation state occurred. The electrodes of this class are called "active electrodes ". However,
if the product of equation (4) is not obtained the electrogenerated hydroxyl radicals could
directly oxidize the organic compound to carbon dioxide and water, predominantly cause the
combustion of the organic compound through hydroxylation of these compounds:
h4
MOx [OH •] + R →
Ox + mCO2 + nH 2O + H + + e −

(5)

And this class of electrodes is called "non-active electrodes"
On the basis of the above mentioned mechanism, the lead dioxide anode employed in this
investigation is characterized by high oxygen overvoltage on which (OH• ) are generated from
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the oxidation of water. Hydroxyl radicals (OH•) are electrosynthesized in aqueous solutions
and can react rapidly with aromatic pesticides, leading to a polyhydroxylation reaction,
followed by complete mineralization of the initial pollutants [160]. However, PbO2 does not
have a higher oxidation state; consequently it is classified as a "non-active electrode". It was
reported that lead dioxide electrode is hydrated one and the electrogenerated hydroxyl radicals
are expected to be more strongly adsorbed on its surface. This behavior makes lead dioxide
anode very reactive towards organic oxidation. The degradation of the organic pollutants is
completed by reaction with adsorbed hydroxyl radicals forming carbon dioxide and water.
Indirect electrochemical oxidation of organic pollutants occurs through the "in situ"
electrogeneration of catalytic species with powerful oxidizing property. This process is
capable of eliminating the detrimental pollutants from their solutions by converting them into
harmless compound.
Although a large number of electrogenerated oxidants can be used such as Fenton's reagent
and ozone, the hypochlorite ion is the most widely employed oxidant in wastewater treatment.
The mechanism of electrogeneration, from a solution, containing chloride ions involves two
steps. The first one is primary oxidation of chloride ions to chlorine at the anode surface
according to the following:
k5
2Cl − →
Cl 2 + 2e −

(6)

The second step is formation of hypochlorous acid:
k6
Cl 2 + H 2 O →
HClO + Cl − + H +

(7)

The HClO undergoes dissociation into hypochlorite and hydrogen ions:
k7
HClO →
ClO − + H +
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(8)

3.2.2. The Effect of Different Operating Factors on Degradation of Linuron
and COD Removal Using Pb/PbO2 and C/PbO2 Electrodes
The results of studying the possibility of using different electrodes in the treatment of linuron
pesticide and COD removal were presented in the figures of the following sections. Two
modified electrodes were used in this study, Pb/PbO2 and C/ PbO2. These electrodes were used
as anodes in the electrocatalytic oxidation process. The remaining concentration (mgL-1) and
COD removal (mg O2 L-1) were determined. The effect of different operating conditions such
as: type of conductive electrolyte, current density, pH of simulated solution, temperature, time
interval of treatment, initial concentration, and NaCl concentration were studied.

3.2.2.1. Effect of pH Value
The pH of the solution was varied while the other conditions where kept constant. As shown
in Figs. (3.12

_

3.15) maximum removal of linuron and COD were achieved in the pH 1.5

using Pb/PbO2 electrode while by using C/PbO2 the maximum removal were in the pH 7. The
pH of the solution was changed by adding drops H2SO4 and NaOH solutions using a pH
meter. The reactions were carried out for 30 min using Pb/PbO2 and C/PbO2 electrodes under
the conditions: the initial concentration of 50 mgL-1, a current density of 150 mAcm-2, a
temperature of 100C and NaCl concentration of 1gL-1. It was found that the electrocatalytic
oxidation of linuron was depending on pH value of solution as shown in Figs (3.12 _ 3.15).
It was shown that the maximum rate of degradation using Pb/PbO2 electrode was in the acidic
medium. In acidic medium the linuron will liberate Cl2 gas which is considered as the active
species for the degradation of organic compound. While by using C/PbO2 electrode the neutral
medium is the optimum condition. So, the Cl2 and ClO − are both considered for the
degradation of linuron.
The basic medium initiated the absorption of chlorine which produced on the anode, and then
the percentage of hypochlorite will be increased because the reaction between chlorine and
NaOH will produce sodium hypochlorite (NaOCl) according to the following reaction:

NaOH + Cl 2 → NaOCl + Cl − + H + (9)
Further, basic medium decreases the losses of chlorine gas which is produced on the anode
and this also increases the percentage of sodium hypochlorite.
55

3.2.2.2. Effect of the NaCl Concentration
Variation of NaCl concentration were applied to investigate the removal of linuron under the
following conditions: 150 mAcm-2 of current density, temperature of 100C, pH 1.5 and 7
using Pb/PbO2 and C/PbO2 respectively, initial concentration 50 mgL-1, the time of electrolysis
is 30 min. Figs. (3.16 - 3.19) represents the effect of different NaCl concentrations on the
degradation rate of linuron and the corresponding COD elimination. A general trend was
observed: an increase of the linuron degradation rate and COD removal with decreasing the
electrolyte concentration up to 1gL-1 using both Pb/PbO2 and C/PbO2 electrodes. Further
increasing the NaCl concentration up to this value leads to not change in the rate of linuron
degradation and COD removal.

3.2.2.3. Effect of Current Density
As shown in Figs. (3.20 – 3.23) both linuron degradation and COD removal increase with
increasing the applied current density up to 150 mAcm-2 by using Pb/PbO2 and C/PbO2
electrodes. Further increase of the current density was followed by gradual decrease in linuron
degradation and COD removal due to increase in temperature. In other words, the rate of
degradation of linuron increases with increase in current density by maintains a moderate
temperature. Different current densities were applied to investigate the optimum current
density for degradation of linuron. Optimum current density is 150 mAcm-2, at which the
maximum removal of linuron is observed. The treatment processes were carried out for 30
min under the temperature of 100C, pH 1.5 and 7 using Pb/PbO2 and C/PbO2 respectively,
initial concentration 50 mgL-1 and the concentration of NaCl is 1gL-1.
The electrodegradation were carried out at current density of 150 mA cm-2. At this value
there is a great possibility of electrogeneration of Cl2 in solution. As current density is
increased, hypochlorite production also increases. However cell temperature increases with
increasing current density. Above a temperature 35oC, sodium hypochlorite tends to
chemically decompose to sodium chlorate.

3 NaClO → NaClO3 + 2 NaCl (10)
So when temperature rises higher than 35oC, production of NaClO falls.
All these observations were depicted in figures (3.20 – 3.23).
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3.2.2.4. Effect of Type of Electrolyte
The effect of the type of conductive electrolyte was performed by using a concentration of
1gL-1 of the following salts: NaCl, CaCl2, KCl, Na2CO3, NaF, and Na2SO4 by using Pb/PbO2
and C/PbO2 electrodes to study the degradation of linuron and COD removal . The operating
conditions of the treatment process were by using current density of 150 mAcm-2, pH 1.5 and
7 using Pb/PbO2 and C/PbO2 respectively, temperature of 10oC and the initial concentration
50 mgL-1. The reaction was allowed to proceed for 30 min.
As shown in Figs. (3.24 – 3.27), it appears that the less value of remaining concentration and
COD was obtained in presence of KCl and NaCl which is the most effective conductive
electrolyte. This indicate that KCl and NaCl the most effective electrolyte in
electrodegradation of linuron. The Cl- and OCl- anions are a powerful oxidizing agent. It
enhances the degradation of pollutants. Therefore, addition of KCl or NaCl provides the
effective Cl- ion which intern the main source for formation of OCl- ion. From the above
Figs., KCl and NaCl are considered as the most preferential electrolyte. This observed
behavior may be due to the small ion size of K+ and Na+ which Increase the ability of loss Clion. From the Figures (3.24-3.26), it is clearly that the less effective electrolytes in the
degradation of pollutant are Na2SO4 and Na3CO3. These electrolytes do not contain chloride
ion (Cl-) which is the main source of OCl-. In addition, they may form stable intermediate
species that could not be oxidized by direct electrolysis. These observations were confirmed in
other studies [107]. Also, it was shown the NaF and CaCl2 have an intermediate effect on the
rate of degradation of pollutants because contain effective ion (Cl-), While the
electrodegradation of pollutants may be occurred through electrocatalytic oxidation in the
presence of these electrolytes. CaCl2 is less effective electrolyte than NaCL in sodium
hypochlorite production. This may be due to less solubility of calcium hypochlorite Ca(OCl)2
than sodium hypochlorite.
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3.2.2.5. Effect of the Electrolysis Time
As shown in Figs. (3.28, 3.30), the maximum removal of linuron was achieved using Pb/PbO2
and C/PbO2 electrodes by reaction that proceeds for at least 30 min. Therefore, the electrolysis
of 30 min for both Pb/PbO2 and C/PbO2 electrodes were taken as optimum for the removal of
linuron.
It is clearly shown from Figs. (3.29, 3.31) that the optimum time for COD removal for both
Pb/PbO2 and C/PbO2 was 4 hr. To assess the effect of electrolysis time, experiments were
conducted with operating treatment conditions that were consistent with those described for
both Pb/PbO2 and C/PbO2 electrodes. The current density of 150 mAcm-2, pH 1.5 and 7 using
Pb/PbO2 and C/PbO2 respectively, temperature of 10

0

C, NaCl 1gL-1 and the initial

concentration of 50 mgL-1. The electrolysis time ranges from 0-180 min.
The degradation of linuron pesticide in aqueous solution were characterized by a significantly
decrease in pesticide concentration with electrolysis time until about 30 minutes then it was
decrease gradually, but more when used the C/PbO2 electrode as shown in Figures (3.28 –
3.31). This can be explained by the overall oxidizing agent in solution was generated in the
first half hour. However, the degradation of most linuron pesticide in all process was reached
after 30 minutes.

3.2.2.6. Effect of Temperature
The experiments were used to test the effect of temperature on linuron degradation and COD
removal efficiency. As indicated from the results, the linuron degradation and COD removal
increase in decreasing temperature by using both Pb/PbO2 and C/PbO2 electrodes. This is
displayed in Figs. (3.32 – 3.35) which presents correlation between the concentration of the
remaining linuron and COD residual as a function of the solution temperature. The rate of the
linuron degradation and COD removal decrease significantly with increasing the solution
temperature above of 400C. And further decrease in the temperature below 100C did not bring
any effect. The electrolysis of 100C for both Pb/PbO2 and C/PbO2 electrodes were taken as
optimum for the removal of linuron and COD. Similar conditions were applied as in the
previous experiments.
It is well known that the rate of diffusion of ions increases with increasing temperature. In the
present work, it was found that the remaining concentrations have the smallest value at
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moderate temperature for linuron as shown in Figs (3.32 – 3.35). From these figures, it is clear
that the increasing of remaining concentration and COD above 40oC may be attributed to
decomposition of adsorbed film on anodic side. Also, the electrode is unstable at higher
temperature than 40oC. The sodium hypochlorite production rate depends on temperature.
There was reduction in the sodium hypochlorite production rate between 23 and 30 o C. Over
this small temperature range, the sodium hypochlorite production rate was lowered and
sodium hypochlorite tends to chemically decompose to sodium chlorate at 35oC [159]. At low
temperature, the losses of chlorine gas decreases, so the sodium hypochlorite is increased.

3.2.2.7. Effect of Initial Linuron Concentration
The effect of linuron concentration on the rate of degradation and COD removal using
Pb/PbO2 and C/PbO2 electrodes was investigated. This investigation was carried out under the
optimum operating conditions mentioned above. Figs. (3.36 – 3.39) show the effect of
different initial linuron concentrations on the rate of linuron degradation and corresponding
COD removal. Total removal of the linuron and COD can be achieved in the presence of
initial linuron load up to 50 mgL-1. However, increasing the linuron concentration above this
level resulted in a decrease in the electrocatalytic rate of degradation. The removal efficiency
of the linuron by using Pb/PbO2 and C/PbO2 electrode at 50 mgL-1 was the optimum
concentration for the initial load concentration of linuron. Theses experiments were carried out
under the operating conditions of current density is 150 mAcm-2, pH 1.5 and 7 using Pb/PbO2
and C/PbO2 respectively, temperature 100C and the concentration of NaCl 1gL-1. The time of
electrolysis was 30 min using Pb/PbO2 and C/PbO2 electrodes.
Figures (3.36 – 3.39) were shown the degradation efficiencies decreased if the initial linuron
concentration increased. This evidence that the generation of the powerful oxidizing agent Clions on electrode surface was not increased in constant current density.
The results of studying the possibility of using different electrodes in the treatment of linuron
and COD removal were presented in Figs (3.12-3.39). These include: Pb/PbO2 and C/PbO2
modified electrodes, which prepared in the present work. These electrodes were used as
anodes in the electrocatalytic oxidation process. The remaining concentration (mg L-1) and
COD removal (mgO2L-1) were determined. The effect of different operating conditions such
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as: type of conductive electrolyte, current density, pH of simulated solution, temperature, time
interval of treatment, initial concentration, and NaCl concentration were studied. From the
results of this study, the optimum operating conditions for each electrode to degradation
linuron pesticide were determined. At these conditions, the electrodes are more efficient at the
optimum results for the removal of both linuron and COD. The percentages of degradation for
each electrode were represented in the Table 3.4.
Table 3.4. Percentage of COD and concentration

removal of linuron on Pb/PbO2 and C/PbO2

electrodes.

Type of

Removal percentage of

Removal percentage of

electrode

linuron at 30 min.

COD at 240 min.

Pb/PbO2

84

84.04

C/PbO2

92

94.70

From Figs (3.12 - 3.39) and Tab. 3.4, it was found that the C/PbO2 electrode was more
effective than Pb/PbO2 modified electrode in the degradation of linuron. These behavior may
be attributed to the color and structure of electrodes. C/PbO2 modified electrodes have a black
color, while Pb/PbO2 modified electrode has a brown color. It was reported that PbO2 film
has two structures, α-structure (brown color) and β-one (black color) [156]. The black one has
a tetrahedral crystal structure which is a close-packed structure more disorder by comparing
with the close-packed structure of the brown α-form (orthorhombic). Therefore, the surface
area in case of tetrahedral structure is more than orthorhombic one, then the β- PbO2 form will
be more effective than α- PbO2 form. That because the over potential for oxygen evolution of
β- PbO2 is more than that of α-PbO2 we can expect that the electrocatalytic properties for
C/PbO2 modified electrodes more efficient than Pb/PbO2 modified electrode [99].
The degradation of linuron was nearly completed 92% and 84% when using C/PbO2 and
Pb/PO2 electrodes respectively on 30 min, while the degradation completed 90% when using
photo-Fentons reaction after 25 hour [143].
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CONCLUSION

4. Conclusion
In this work, TLC separation of nine investigated pesticides used in Gaza Strip on silica gel
plate, and their densitometric determination, are described. Recoveries after enrichment of
real water samples by SPE were optimized for quantitative determination.
The method developed is rapid, inexpensive, reliable and sensitive enough to meet
international limits (0.1 μgL-1).
The nine investigated pesticides were separated on silica gel TLC plate in
acetone/cyclohexane 1:2 (v/v) as a mobile phase and was extracted using RP-C18
cartridges on SPE. A linearity range between 25 to 1000 ng/spot was achieved with a
correlation coefficient between 0.9920 and 0.9993. The recoveries obtained were between
79.4 and 103.7% with relative standard deviations at 1.92 and 3.68%. The LOD for the
pesticides between 25-100 ngL-1 except the penconazole was 200 ngL-1 because of its
weak absorption.
Also, two modified electrodes (Pb/PbO2 and C/PbO2) were prepared by elecrodeposition
and used as anodes for electrocatalytic oxidation of linuron (phenyl urea pesticide) in
aqueous solution at different parameters. Both electrodes showed dependence of the
electrocatalytic activity on conductive electrolyte, current density, temperature, initial
concentration of linuron, pH and time. The optimum conditions for both electrodes are:
NaCl (1 gL-1), temperature at (5-10oC), degradation time of 30 min, initial concentration of
50 mgL-1, and current density (150 mAcm-2). The degradation of linuron was nearly
completed 92% and 84%

using C/PbO2 and Pb/PO2 electrodes at pH 7 and 1.5

respectively. The efficiency of C/PbO2 electrode for electrocatalytic oxidation of linuron is
much better that of Pb/PbO2 electrode.
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RECOMMENDATIONS

5. Recommendations
The study shows the widespread uses of pesticides in the world in general and Gaza Strip
in particular. Therefore, it is necessary to develop new chromatographic analysis methods
to separate and determine the concentration of other groups of pesticide residues in ground
water and assorted food samples. Since the studies carried out in the field of determination
pesticides in the Gaza Strip do not meet the huge size of the high risk arising from them.
Also, study recommends the need to develop different effective methods to degradation
pesticides residues to non-toxic or less toxic compounds than the original samples. The
electrochemical degradation method can be using other modified electrodes for the
removal of pesticide residues from aqueous solutions.
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APPENDICES

Appendices

Appendix ( І )

The Different Chemical Groups - Subgroups of Pesticides with Examples

Group

Chemical name

pesticide

propyzamide
Amide

( IUPAC )
3,5-dichloro-N-(1,1dimethylprop-2-ynyl)benzamide

chlorazifop

Aryloxyalkanoic

(RS)-2-[4-(3,5-dichloro-2pyridyloxy)phenoxy]propionic

acid

acid

fluotrimazole
0B

Azole - triazole

1-(3-trifluoromethyltrityl)-1H1,2,4-triazole
1-{[2-(2,4-dichlorophenyl)-1,3-

Azole - conazole

azaconazole

dioxolan-2-yl]methyl}-1H-1,2,4triazole

1-isopropyl-3-methylpyrazol-5-

Azole - pyrazole

isolan
1B

albendazole

yl dimethylcarbamate

methyl 5-

2B

Benzimidazole

(propylthio)benzimidazol-2ylcarbamate

dichlormate
3B

Carbamate

3,4-dichlorobenzyl
methylcarbamate
3-isopropyl-1H-2,1,3-

Diazine

Bentazone

benzothiadiazin-4(3H)-one 2,2-

4B

dioxide
2,6-dinitro-N,N-dipropyl-p-

Dinitroaniline

dipropalin
5B

toluidine

87

Structure

O-[2-chloro-5-(2-chloro-α,α,α-

Diphenyl ether

ethoxyfen

trifluoro-p-tolyloxy)benzoyl]-L-

6B

lactic acid
(S)-1-anilino-4-methyl-2-

fenamidone

Imidazole

7B

methylthio-4-phenylimidazolin5-one
1,1,1-trichloro-2,2-bis(4-

Organochlorine

DDT
8B

9B

Phenoxy

10B

dichlorvos

Organophosphorus

chlorophenyl)ethane

2,2-dichlorovinyl dimethyl
phosphate

2,4-D

(2,4-dichlorophenoxy)acetic acid

(6-chloro-1,3-benzodioxol-5yl)methyl (1RS,3RS;1RS,3SR)-

Pyrethroid

barthrin
1B

2,2-dimethyl-3-(2-methylprop-1enyl)cyclopropanecarboxylate
5-chloro-N-{2-[4-(2ethoxyethyl)-2,3-

pyrimidinamine

pyrimidifen
12B

dimethylphenoxy]ethyl}-6ethylpyrimidin-4-amine
13-methyl[1,3]benzodioxolo[5,6-

sanguinarine

Quaternary ammonia

13B

c]-1,3-dioxolo[4,5i]phenanthridin-13-ium

14B

Urea

15B

dipropetryn

Triazine

6-ethylthio-N2,N4-diisopropyl1,3,5-triazine-2,4-diamine

flucofuron

1,3-bis(4-chloro-α,α,α-trifluorom-tolyl)urea
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Appendix ( ІІ)
Apparatus Reactor Used in the Electrochemical Processes
A laboratory model DC power supply was used for electrolysis. Electrolysis were carried
out at room temperature in a cylindrical open glass cell of 500 mL equipped with two
electrodes by vigorously stirred with a magnetic bar (500 rpm). Electrochemical cell is
shown here.

1) DC power supply; 2) anode electrode; 3) cathode electrode; 4) stirrer; 5) magnetic bar.
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Arabic Summary

ﺍﻟﻤﻠﺨﺺ ﺍﻟﻌﺮﺑﻲ ﻟﻠﺮﺳﺎﻟﺔ
ﺗﺤﺖ ﻋﻨﻮﺍﻥ :
" ﺗﻄﻮﻳﺮ ﻁﺮﻳﻘﺔ ﺍﻟﻔﺼﻞ ﺍﻟﻜﺮﻭﻣﺎﺗﻮﺟﺮﺍﻓﻲ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺍﻟﻄﺒﻘﺎﺕ ﺍﻟﺮﻗﻴﻘﺔ ﻟﻔﺼﻞ ﺑﻌﺾ ﺍﻟﻤﺒﻴﺪﺍﺕ ﺍﻟﻤﺴﺘﺨﺪﻣﺔ
ﻓﻲ ﻗﻄﺎﻉ ﻏﺰﺓ ﻭﺍﻟﺘﺨﻠﺺ ﻣﻨﻬﺎ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺍﻟﺘﻜﺴﻴﺮ ﺍﻟﻜﻬﺮﺑﻲ "
ﻳﻬﺪﻑ ﻣﻮﺿﻮﻉ ﺍﻟﺒﺤﺚ ﺇﻟﻰ ﺗﻄﻮﻳﺮ ﻁﺮﻳﻘﺔ ﺳﻬﻠﺔ ﻭﺭﺧﻴﺼﺔ ﻭﺳﺮﻳﻌﻪ ﻟﻔﺼﻞ ﻭﺗﻘﺪﻳﺮ ﺗﺮﻛﻴﺰ ﺑﻌﺾ ﺍﻟﻤﺒﻴﺪﺍﺕ
ﺍﻟﻜﻴﻤﻴﺎﺋﻴﺔ ﻓﻲ ﺍﻟﻤﻴﺎﻩ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺗﻘﻨﻴﺔ ﺍﻟﻄﺒﻘﺔ ﺍﻟﺮﻗﻴﻘﺔ ﻟﻠﺘﺤﻠﻴﻞ ﺍﻟﻜﺮﻭﻣﺎﺗﻮﺟﺮﺍﻓﻲ ).(TLC
ﻛﻤﺎ ﻭﻳﻬﺪﻑ ﺇﻟﻰ ﺍﻟﺘﺨﻠﺺ ﻣﻦ ﻣﺘﺒﻘﻴﺎﺗﻬﺎ ﻓﻲ ﺍﻟﻤﻴﺎﻩ ﺑﻮﺍﺳﻄﺔ ﺍﻟﺘﻜﺴﻴﺮ ﺍﻟﻜﻬﺮﺑﻲ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺃﻗﻄﺎﺏ ﻣﺤﻮﺭﺓ.
ﻭﺑﺎﺧﺘﻴﺎﺭ ﺗﺴﻌﺔ ﺃﻧﻮﺍﻉ ﻣﻦ ﺍﻟﻤﺒﻴﺪﺍﺕ ﺍﻟﺸﺎﺋﻌﺔ ﺍﻻﺳﺘﺨﺪﺍﻡ ﻓﻲ ﻗﻄﺎﻉ ﻏﺰﺓ ﺗﻢ ﺍﺳﺘﺨﻼﺻﻬﺎ ﻣﻦ ﻋﻴﻨﺎﺕ ﻣﺎﺋﻴﺔ
ﺑﺎﺳﺘﺨﺪﺍﻡ ﺗﻘﻨﻴﺔ ﺍﻻﺳﺘﺨﻼﺹ ﺑﺎﻟﻄﻮﺭ ﺍﻟﺼﻠﺐ ) (SPEﺑﻮﺍﺳﻄﺔ ﺃﻧﺎﺑﻴﺐ ﺫﺍﺕ ﺍﻟﻄﻮﺭ ﺍﻟﺼﻠﺐ ) .(C18ﻭﺗﻢ
ﺿﺒﻂ ﺩﺭﺟﺔ ﺍﻟﺤﻤﻮﺿﺔ ﺍﻟﻤﻨﺎﺳﺒﺔ ﻟﻌﻤﻠﻴﺔ ﺍﻻﺳﺘﺨﻼﺹ ،ﻭﺍﺧﺘﻴﺎﺭ ﻧﻮﻉ ﻭﻛﻤﻴﺔ ﺍﻟﻤﺬﻳﺒﺎﺕ ﺍﻟﻌﻀﻮﻳﺔ ﺍﻟﻤﺜﻠﻰ
ﻟﺘﻬﻴﺌﺔ ﻭﻏﺴﻞ ﺍﻷﻧﺎﺑﻴﺐ ﻭﺍﺳﺘﺨﻼﺹ ﺍﻟﻌﻴﻨﺎﺕ .ﻛﻤﺎ ﺗﻢ ﺍﺧﺘﺒﺎﺭ ﻣﺠﻤﻮﻋﺔ ﻣﺬﻳﺒﺎﺕ ﻋﻀﻮﻳﺔ ﺑﻨﺴﺐ ﺣﺠﻤﻴﺔ
ﻣﺨﺘﻠﻔﺔ ﻭﺍﺳﺘﺨﺪﺍﻣﻬﺎ ﻛﻄﻮﺭ ﻣﺘﺤﺮﻙ ﻋﻠﻰ ﺍﻟﻄﺒﻘﺔ ﺍﻟﺮﻗﻴﻘﺔ ) (TLCﻟﻔﺼﻞ ﺍﻟﻤﺒﻴﺪﺍﺕ ﺍﻟﺘﺴﻌﺔ ،ﻭﺣﺴﺎﺏ ﺃﻗﻞ
ﺗﺮﻛﻴﺰ ﻳﻤﻜﻦ ﺍﻟﻜﺸﻒ ﻋﻨﻪ ﻟﻬﺬﻩ ﺍﻟﻤﺒﻴﺪﺍﺕ ،ﻭﺗﻢ ﺗﻤﺜﻴﻞ ﺍﻟﻨﺘﺎﺋﺞ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺟﻬﺎﺯ ).(densitometer
ﻭﻗﺪ ﺃﻅﻬﺮﺕ ﺍﻟﻨﺘﺎﺋﺞ ﻧﺴﺒﺔ ﺍﺳﺘﺨﻼﺹ ﻋﺎﻟﻴﺔ ﻟﻠﻤﺒﻴﺪﺍﺕ ﺗﺘﺮﺍﻭﺡ ﺑﻴﻦ  79,4ﻭ  %103ﺑﺎﺳﺘﺨﺪﺍﻡ ﻣﺬﻳﺒﺎﺕ
ﺍﻟﻤﻴﺜﺎﻧﻮﻝ ﻭﺍﻟﻤﺎء ﻭﺍﻷﺳﻴﺘﻮﻧﺎﻳﺘﺮﺍﻳﻞ .ﻭﺗﻢ ﺣﺴﺎﺏ ﻣﻌﺪﻝ ﺍﻻﻧﺤﺮﺍﻑ ﺍﻟﻤﻌﻴﺎﺭﻱ ﻟﻠﻨﺘﺎﺋﺞ ﻭﺍﻟﺬﻱ ﻟﻢ ﻳﺘﺠﺎﻭﺯ
 .%3,68ﻛﻤﺎ ﺗﻢ ﺍﻟﺤﺼﻮﻝ ﻋﻠﻰ ﻧﺘﻴﺠﺔ ﻓﺼﻞ ﻣﺜﺎﻟﻴﺔ ﻟﻠﻤﺒﻴﺪﺍﺕ ﺍﻟﺘﺴﻌﺔ ﺑﺎﺳﺘﺨﺪﺍﻡ ﺧﻠﻴﻂ ﻣﻦ ﻣﺬﻳﺐ
)ﺍﻷﺳﻴﺘﻮﻥ /ﺍﻟﻬﻜﺴﺎﻥ ﺍﻟﺤﻠﻘﻲ( ﺑﻨﺴﺒﺔ ﺣﺠﻤﻴﺔ ) (2 :1ﻭﺍﺳﺘﺨﺪﺍﻣﻪ ﻛﻄﻮﺭ ﻣﺘﺤﺮﻙ ﻋﻠﻰ ﺍﻟﻄﺒﻘﺔ ﺍﻟﺮﻗﻴﻘﺔ ،ﻛﻤﺎ
ﺛﺒﺘﺖ ﻓﻌﺎﻟﻴﺔ ﻫﺬﻩ ﺍﻟﺘﻘﻨﻴﺔ ﻟﺘﻘﺪﻳﺮ ﺗﺮﺍﻛﻴﺰ ﻣﻨﺨﻔﻀﺔ ﺟﺪﺍ ﻣﻦ ﻫﺬﻩ ﺍﻟﻤﺒﻴﺪﺍﺕ ﺗﺘﺮﺍﻭﺡ ﻏﺎﻟﺒﻴﺘﻬﺎ ﺑﻴﻦ 100 - 25
ﻧﺎﻧﻮﻏﺮﺍﻡ  /ﻟﺘﺮ ،ﻭﻫﻲ ﺿﻤﻦ ﺍﻟﺤﺪ ﺍﻟﻤﺴﻤﻮﺡ ﺑﻪ ﺩﻭﻟﻴﺎ.
ﻭﻓﻲ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﺗﻢ ﺗﺤﻀﻴﺮ ﻗﻄﺒﻲ  C/PbO2ﻭ  Pb/PbO2ﺑﺎﻟﺘﺮﺳﻴﺐ ﺍﻟﻜﻬﺮﺑﻲ ﻟﻄﺒﻘﺔ ﻣﻦ ﺃﻛﺴﻴﺪ
ﺍﻟﺮﺻﺎﺹ ﻋﻠﻰ ﻗﻄﻌﺘﻴﻦ ﻣﻦ ﺍﻟﻜﺮﺑﻮﻥ ﻭ ﺍﻟﺮﺻﺎﺹ ﻭﺍﻟﺘﻲ ﺍﺳﺘﺨﺪﻣﺖ ﻛﺂﻧﻮﺩﺍﺕ ﻓﻲ ﺍﻟﺨﻠﻴﺔ ﺍﻟﻜﻬﺮﺑﺎﺋﻴﺔ
ﻟﺘﻜﺴﻴﺮ ﻣﺒﻴﺪ ﺍﻟﻠﻴﻨﻮﺭﻭﻥ )ﻟﻴﻨﻮﺭﻛﺲ( ﻛﻤﻠﻮﺙ ﻋﻀﻮﻱ ﻓﻲ ﺍﻟﻤﺎء ﺑﺎﺳﺘﺨﺪﺍﻡ ﺍﻷﻛﺴﺪﺓ ﺍﻟﺤﻔﺰﻳﺔ ،ﻭﺗﻢ ﺩﺭﺍﺳﺔ
ﺗﺄﺛﻴﺮ ﻋﺪﺓ ﻋﻮﺍﻣﻞ ﻣﺨﺘﻠﻔﺔ ﻟﻠﺤﺼﻮﻝ ﻋﻠﻰ ﺍﻟﻈﺮﻭﻑ ﺍﻟﻤﺜﺎﻟﻴﺔ ﻟﻌﻤﻠﻴﺔ ﺍﻟﺘﻜﺴﻴﺮ؛ ﻛﻜﻤﻴﺔ ﺍﻟﺘﻴﺎﺭ ﺍﻟﻜﻬﺮﺑﻲ ،ﺍﻟﺮﻗﻢ
ﺍﻟﻬﻴﺪﺭﻭﺟﻴﻨﻲ ،ﺍﻟﺘﺮﻛﻴﺰ ﺍﻻﺑﺘﺪﺍﺋﻲ ﻟﻠﻤﺒﻴﺪ ،ﻧﻮﻉ ﺍﻹﻟﻜﺘﺮﻭﻟﻴﺖ ﺍﻟﻤﻮﺻﻞ ،ﺗﺮﻛﻴﺰ ﺍﻹﻟﻜﺘﺮﻭﻟﻴﺖ ،ﺍﻟﻮﻗﺖ
ﺍﻟﻤﺴﺘﻐﺮﻕ ﻭﺩﺭﺟﺔ ﺍﻟﺤﺮﺍﺭﺓ .ﻭﻗﺪ ﺗﻢ ﺗﻤﺜﻴﻞ ﺍﻟﻨﺘﺎﺋﺞ ﺑﺎﻟﻜﻤﻴﺔ ﺍﻟﻤﺘﺒﻘﻴﺔ ﻣﻦ ﺍﻟﻤﺒﻴﺪ ،ﻭﻛﻤﻴﺔ ﺍﻷﻛﺴﺠﻴﻦ ﺍﻟﻤﺘﺒﻘﻴﺔ
) (CODﺑﻴﺎﻧﻴﺎ .ﻭﻗﺪ ﺃﺛﺒﺘﺖ ﺍﻟﻨﺘﺎﺋﺞ ﺃﻥ ﻛﻔﺎءﺓ ﻗﻄﺐ  C/PbO2ﺃﻓﻀﻞ ﻣﻦ ﻗﻄﺐ  Pb/PbO2ﻓﻲ ﺍﻷﻛﺴﺪﺓ
ﺍﻟﻜﻬﺮﻭﻛﻴﻤﻴﺎﺋﻴﺔ ﻟﻬﺬﺍ ﺍﻟﻤﺒﻴﺪ ﺣﻴﺚ ﻭﺻﻠﺖ ﻧﺴﺒﺔ ﺍﻟﺘﻜﺴﻴﺮ ﺇﻟﻰ .%92
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ﺟﺎﻣﻌﺔ ﺍﻷﺯﻫﺮ – ﻏﺰﺓ
ﻋﻤﺎﺩﺓ ﺍﻟﺪﺭﺍﺳﺎﺕ ﺍﻟﻌﻠﻴﺎ
ﻛﻠﻴﺔ ﺍﻟﻌﻠﻮﻡ – ﻗﺴﻢ ﺍﻟﻜﻴﻤﻴﺎء

ﺗﻄــﻮﻳﺮ ﻁﺮﻳــﻘــﺔ ﺍﻟﻔـﺼﻞ ﺍﻟﻜـﺮﻭﻣﺎﺗـﻮﺟـﺮﺍﻓﻲ ﺑﺎﺳـﺘﺨـﺪﺍﻡ ﺍﻟﻄـﺒﻘـﺎﺕ ﺍﻟﺮﻗـﻴﻘـﺔ
ﻟﻔـﺼـﻞ ﺑﻌـﺾ ﺍﻟﻤﺒﻴـﺪﺍﺕ ﺍﻟﻤﺴـﺘﺨﺪﻣـﺔ ﻓﻲ ﻗـﻄﺎﻉ ﻏـﺰﺓ ﻭﺍﻟﺘـﺨـﻠﺺ ﻣﻨﻬﺎ
ﺑﺎﺳـﺘﺨـﺪﺍﻡ ﺍﻟﺘـﻜﺴـﻴﺮ ﺍﻟﻜـﻬﺮﺑﻲ

ﺗﻘﺪﻳﻢ ﺍﻟﺒﺎﺣﺚ
ﻋـﻤﺮ ﺻـﺎﻟﺢ ﻋـﻴﺪ ﺷـﺒﻴـﺮ

ﺍﻟﻤﺸﺮﻓﻮﻥ
ﺩ.ﻣﺎﺯﻥ ﺳﻠﻴﻤﺎﻥ ﺣﻤﺎﺩﺓ
ﺃﺳﺘﺎﺫ ﺍﻟﻜﻴﻤﻴﺎء ﺍﻟﺘﺤﻠﻴﻠﻴﺔ ﺍﻟﻤﺴﺎﻋﺪ
ﺟﺎﻣﻌﺔ ﺍﻷﺯﻫﺮ –ﻏﺰﺓ

ﺩ.ﻧﺎﺻﺮ ﻣﺤﻤﺪ ﺃﺑﻮ ﻏﻠﻮﺓ
ﺃﺳﺘﺎﺫ ﺍﻟﻜﻴﻤﻴﺎء ﺍﻟﻔﻴﺰﻳﺎﺋﻴﺔ ﺍﻟﻤﺸﺎﺭﻙ
ﺟﺎﻣﻌﺔ ﺍﻷﺯﻫﺮ –ﻏﺰﺓ

ﻗﺪﻣﺖ ﻛﺠﺰء ﻣﻦ ﺍﻟﻤﺘﻄﻠﺒﺎﺕ ﺍﻟﻼﺯﻣﺔ ﻟﻨﻴﻞ ﺩﺭﺟﺔ ﺍﻟﻤﺎﺟﺴﺘﻴﺮ ﻓﻲ ﺍﻟﻜﻴﻤﻴﺎء
ﻗﺴﻢ ﺍﻟﻜﻴﻤﻴﺎء – ﻛﻠﻴﺔ ﺍﻟﻌﻠﻮﻡ
ﺟﺎﻣﻌﺔ ﺍﻷﺯﻫﺮ – ﻏﺰﺓ
ﻗﻄﺎﻉ ﻏﺰﺓ – ﻓﻠﺴﻄﻴﻦ
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