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Abstract
A solidphase extraction (SPE) method was developed for the determination of organochlorine pesticides, namely aldrin, alpha
BHC, betaBHC, deltaBHC, dieldrin, endosulfan I, endosulfan II, endosulfan sulfate, endrin, endrin aldehyde, lindane,
heptachlor, heptachlor epoxide, 4,4’DDD, 4,4’DDE and 4,4’DDT in water. The effect of extraction conditions, such as the
addition of sodium chloride and methanol to the sample prior to loading was studied. The sample was concentrated by a plain
polystyrenedivinylbenzene resin, and the extract was eluted by ethyl acetate. Qualification and quantification of the target
pesticides were performed by gas chromatography/ mass spectrometry (GC/MS) in the fullscan and selected ionmonitoring
mode, respectively, and for better detection of pesticides in field samples the mass spectrometer was altered from electron
ionization (EI) to chemical ionization mode (CI). The repeatability of the method for MilliQwater fortified with pesticides at a
level of 0.1 to 0.6 µg/l ranged from 8 to 18%, and the obtained recoveries ranged from 67 to 135%.
The method was evaluated for the determination of organochlorine pesticides in fourteen surface and groundwater samples taken
from locations along King Talal Dam, King Abdullah Canal and Zarqa River in the Jordan Valley. The limit of detection of the
pesticides residues in 500ml field water samples ranged from 0.0009 to 15.7 ng/l. The obtained results confirmed the presence of
trace amounts of some organochlorine pesticides in the analyzed samples, i.e. lindane and endosulfan compounds.
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ABSTRACT
A solidphase extraction (SPE) method was developed for the determination of organochlorine
pesticides, namely aldrin, alphaBHC, betaBHC, deltaBHC, dieldrin, endosulfan I, endosulfan
II, endosulfan sulfate, endrin, endrin aldehyde, lindane, heptachlor, heptachlor epoxide, 4,4’
DDD, 4,4’DDE and 4,4’DDT in water. The effect of extraction conditions, such as the addition
of sodium chloride and methanol to the sample prior to loading was studied. The sample was
concentrated by a plain polystyrenedivinylbenzene resin, and the extract was eluted by ethyl
acetate. Qualification and quantification of the target pesticides were performed by gas
chromatography/ mass spectrometry (GC/MS) in the fullscan and selected ionmonitoring mode,
respectively, and for better detection of pesticides in field samples the mass spectrometer was
altered from electron ionization (EI) to chemical ionization mode (CI). The repeatability of the
method for MilliQwater fortified with pesticides at a level of 0.1 to 0.6 µg/l ranged from 8 to
18%, and the obtained recoveries ranged from 67 to 135%.
The method was evaluated for the determination of organochlorine pesticides in fourteen surface
and groundwater samples taken from locations along King Talal Dam, King Abdullah Canal and
Zarqa River in the Jordan Valley. The limit of detection of the pesticides residues in 500ml field
water samples ranged from 0.0009 to 15.7 ng/l. The obtained results confirmed the presence of
trace amounts of some organochlorine pesticides in the analyzed samples, i.e. lindane and
endosulfan compounds.
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INTRODUCTION
The agricultural progress in the developed countries is characterized by the introduction of
pesticides, which play a significant role in controlling pests and hence protecting vegetation.
Thus, pesticides have increasingly been used all over the world. Although the developing
countries use only 20% of the pesticides in the world, they show higher poisonings of pesticides
than the developed countries. This is attributed to factors such as illiteracy, lack of awareness
among the public towards the appropriate use of pesticides, improper methods of treatment and
application, insufficient implementation of laws and legislations and insufficient information on
the pesticides labels (Pimentel, 1996). Also, the use of higher concentrations of pesticides than
required, and the poorly maintained spray equipment facilities contribute to acute poisoning of
pesticides. Moreover, the use of pesticides in the Third World countries is increasing, where the
value of the purchased pesticides increased 6.5 fold in constant dollars during the period from
1970 to 1980 (Koh & Jeyaratnam, 1996). The applied pesticides might undergo transportation
and conversion processes. In fact, pesticides pollute streams, lakes, surface and groundwater
generating a negative impact on the aquatic environment. Pesticides, leaching through the soil
and flowing in a downstream direction with surface water, might contaminate the groundwater,
resulting in drinking water pollution and health hazards.
Pesticides are classified in several ways according to their target pest to insecticides, herbicides,
rodenticides, etc. They might also be classified according to the chemical class to which they
belong, i.e. organochlorines, organophosporus, carbamates, pyrethroids, nitrophenols, etc. Others
classify pesticides according to the type or degree of their health hazards, or according to their
functional and chemical properties (Koh & Jeyaratnam, 1996).
The assessment of the potential hazardous effects of pesticides is closely associated with the
identification and determination of the present concentrations. Therefore, developing an
analytical method that is capable of detecting the traces of pesticides in water is needed to meet
the objectives for the surveillance and monitoring of the present concentrations.

AIM AND RESEARCH QUESTION
The aim of this thesis was to develop and optimize an analytical method that combines solid
phase extraction and gas chromatography/mass spectrometry for the qualification and
quantification of some organochlorine pesticides in water. The method was tested and applied on
field water samples taken from different locations along the Jordan Valley.
Through the research journey, the following questions arose:
1. In which way can the present analytical protocol of solid phase extraction be improved?
More precisely, what are the factors that can be optimized in order to achieve better
quantification and qualification of the low concentrations of pesticides?
2. What influence has the ionic strength, addition of methanol to the sample and introduction
of a washing step on the extraction efficiency of organochlorine pesticides?
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3. Are organochlorine pesticides present in the analyzed field samples? If so, in which
concentrations are they present and are the obtained values acceptable in the national and
international standards?
4. Are there any relationships between the concentrations of pesticides in the field water
samples and their physicochemical properties?

BACKGROUND
Origin and nature of organochlorine pesticides
Pesticides are defined as chemical compounds used in urban and rural areas: in houses, roadsides,
parks and gardens to control plant diseases, flies, mosquitoes, insects and all types of pests (Pitt et
al., 1999).
The origin of pesticides and herbicides goes back to history, where our ancestors used to cover
themselves with mud and dust as a protective way from insects. Hence, mud and dust could be
classified as a category of insecticides, called repellents. Also, plant extracts such as pyrethins
and nicotine were used as protective tools from insects and pests that might attack the crops and
humans. Sulfur, as well, was used as a fungicide (Blus, 2003). In fact, pesticides were considered
as protective tools for humans against insects and pests generating diseases. One vital example
on that is the Nobel Prize in Medicine, which was rewarded to the discoverer of the DDT
compounds, Dr. Paul Muller. The purpose of the discovery in the 1939 was the control of
malaria, yellow fever and other insectcaused diseases. In conclusion, The World War II opened
the Chemical Era to the introduction of the most well known pesticides nowadays. At this point
of our discussion, one might say that the same pesticides discovered previously to save the lives
of people and crops constitute nowadays a major threat on both, the environment and human
beings (Blus, 2003).
Pesticides are divided in several subgroups of which organochlorine pesticides constitute all
chlorinecontaining organics used for pest control. This group of pesticides is divided into five
major categories to which the pesticides studied in this thesis belong (Figure 1 shows the
chemical structures of the analyzed organochlorine pesticides in this study);
Diphenyl Aliphatics: include dicofol, ethylan, chlorobenzilate, methoxychlor, DDD, and the
most notorious chemical of the 20th century, the DDT. It is worth mentioning that the uses of the
DDT compounds concentrated in the period from 1940 to 1973 (Blus, 2003). Indeed, the use of
most of the organochlorines was canceled by the United States Environmental Protection Agency
(USEPA) in the 1970s or at most 1980s, but unfortunately many developing countries are still
using them in public health protection programs and in agriculture (Ware & Emeritus, 1999).
Benzenehexachloride, BHC, or Hexachlorocyclohexane, HCH: is divided to alpha, beta,
gamma, delta, and epsilon isomers. The gamma BHC is known as the odorless pesticide lindane
that, due to its low cost, is still used in many developing countries (Blus, 2003).
Cyclodienes: include chlordane, aldrin, dieldrin, heptachlor, endrin, mirex, endosulfan and
chlordecone. They appeared after World War II in the period between 1945 and 1958 and are
known to be persistent in soil. Therefore, they were used in large quantities to control different
kinds of soilborne insects (Blus, 2003).
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Polychloroterpenes: include toxaphene that was discovered in 1947 and storbane in 1951 (Blus,
2003).
Cagestructured compounds: such as mirex and chlordecone (Blus, 2003).

Aldrin (309002)

Dieldrin (60571)

Endrin (72208)

Endrin aldehyde (7421934)

C12H8Cl6

C12H8Cl6O

C12H8Cl6O

C12H10Cl6O

Endosulfan I (959988) Endosulfan sulfate (1031078)

Heptachlor (76448)

Heptachlor epoxide (1024573)

C9H6Cl6O3S

C10H5Cl7

C10H5Cl7O

C9H6Cl6O4S

DDE (72559)

DDT (50293)

DDD (72548)

Pentachlorobenzene (608935)

C14H8Cl4

C14H9Cl5

C14H10Cl4

C6HCl5

bBHC (319857)

aBHC (319846)

dBHC (319868)

Lindane (gBHC) (58899)

C6H6Cl6

C6H6Cl6

C6H6Cl6

C6H6Cl6

Figure 1: Chemical structures, names, Cas numbers and molecular formulas of the pesticides
included in this study and the internal standard (Cambridgesoft, 2004).
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Health hazards of organochlorines and mode of action
Despite the fact that pesticides increase crop production they also have negative impacts on
human health and the environment. They do result in acute poisoning incidents and toxic
outbreaks in case of misuse. Besides, collective poisonings might be observed among the highly
exposed people such as farmers, lab technicians and workers in pesticide factories. They might
also bioaccumulate in embryos and nursing infants, whose mothers contain high levels of
accumulated pesticides in their bodies. Unfortunately, the habitual consumers of livestock and
diary products might be subjected to high levels of accumulated pesticides (Mansour, 2004).
In addition to the acute injuries that are caused by organochlorine pesticides, they do injure
humans chronically. They attack the nervous system, the reproductive organs, and the immune
and endocrine systems and cause damages to their organs. They do also attack the respiratory
system by causing lung damages, and in case of high exposure they do contribute to birth
deficiencies. Studies have also found that the high exposure to certain pesticides is associated, in
a direct or indirect way, with the occurrence of Leukemia, brain cancers and certain cancers that
are known to be associated with immune suppression (Mansour, 2004).
The mode of action for many pesticides is not clearly understood. However, the DDT compound
which is one of the world most studied pesticides, attacks the nervous system in a manner that
destroys the balance of sodium and potassium ions along the axons of the neuron. It targets the
sodium channel, in insects and mammals, prevents the normal transmission of nerve impulses
and, in conclusion, leads to following convulsions and finally death. Lindane, as well, is
neurotoxicant acting in a mode similar to that for the DDT, but the effects occur much more
rapidly than those for the DDT (Ware & Emeritus, 1999).
Unlike the mentioned mode of action, cyclodienes target the GABA (GammaAminobutyric
Acid) receptor that functions by increasing the chloride ion permeability of neurons. Cyclodienes
inhibit the chloride ions from entering the neurons, hence they “antagonize the calming effect of
the GABA”. In conclusion, this will result into repeated convulsions and prostration (Ware &
Emeritus, 1999).

Physicochemical properties of organochlorines
Bioaccumulation
Organochlorines, in general, are highly soluble in lipids. Therefore, organochlorines are
characterized by their ability to bioaccumulate inside the biota. More precisely, they might be
transported from the surrounding nature and concentrated inside the organism. Also, they might
be transported and biomagnified through food chains. Thus, bioaccumulation includes
bioconcentration and biomagnification. Bioconcentration is the process by which residues of
some organochlorines might be bioconcentrated in the aquatic organism up to 106 times than in
water. Biomagnification is the noticeable increase of concentration of the organochlorines along
the food chain where they are transported from one species to another via food webs (Blus,
2003).
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Mobility
The repetitive use of pesticides to stagnant water bodies and fields allows the transportation of
these chemicals by air, water and soil particles to the surface and groundwater (Salameh, 1996).
Moreover, the secret of their function generates from their ability to mobilize so as to reach their
target pest. In general, pesticides leach to groundwater when their residence time in soil is less
than the time required to remove them, or to convert them to another intoxicant form. The
residence time of a certain pesticide is controlled by the applied water and the chemical
adsorption to stationary solid particles (Pitt et al., 1999).
The mobility of pesticides can be estimated on the basis of three removal mechanisms that affect
any organic compound, i.e. volatilization, sorption and solubility. It can also be affected by the
application method and the formulation state. In fact, the movement of pesticides can be
restrained or enhanced depending on soil conditions, where it is enhanced in the case of coarse
grained soils (Pitt et al., 1999).
It is worth mentioning that some US regulatory agencies have restricted laws on the usage of
pesticides on coastal golf courses. These agencies recommend the usage of slower moving
pesticides according to the approved manufacture’s label instructions (Pitt et al., 1999).
Solubility
In general, less mobile pesticides are those with low water solubility, i.e. high hydrophobicity,
hence the movement of such pesticides is determined by the sorption ability of the compound to
soil particles. The adsorption of pesticides to the particles slows or stops their travel journey and
prevents groundwater contamination (Pitt et al., 1999). Therefore, pesticides with low water
solubility are considered to be less mobile and less toxic for the environment than the highwater
soluble pesticides, resulting in low bioavailability of the former.
Persistence and decomposition
Organochlorines are known as persistent compounds in the physical environment and in the
organism. The persistence of the compound in nature is determined from its halflife that might
range from months to years, decades or even centuries. Thus, persistence is controlled by several
physical properties such as temperature, moisture, pH and light (Blus, 2003). Pesticides with long
halflives are considered to have high contamination potential due to their life duration (Pitt et al.,
1999).
It is important to note that heptachlor and aldrin, for example, once they enter the body are
metabolized to heptachlor epoxide and dieldrin, respectively, which are as toxic as their parent
compounds. Endrin, as well, is characterized by its short lifetime in the physical environment and
in the organism (Blus, 2003).
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ANALYTICAL METHODS
Extraction procedure
Numerous analytical methods have recently been developed for organochlorine pesticides in
environmental samples, particularly water. The determination of organochlorines is carried out by
preconcentration, clean up and preparation of water samples. This is achieved by applying
liquidliquid extraction (LLE) (USEPA, 1984; Tan, 1992), solid phase microextraction (SPME)
(BoydBoland et al., 1996; Aguilar et al., 1998; Magdic & Pawliszyn, 1996) or by solidphase
extraction (SPE) (ElKabbany et al., 2000; Tolosa et al., 1996; Charizopoulos & Mourkidou,
1999; Miliadis, 1998; Zulin et al., 2002). The latter has increased in popularity since it
dramatically lowers the amount of solvents used, which is an environmental benefit. Also, SPE
provides a convenient means for isolating organic compounds from large volumes of water in
comparison with traditional LLE.
SPE implies the adsorption of the dissolved analyte onto a solid surface, a socalled adsorbent.
Traditionally the most widely used were silicabased octadecyl (C18) adsorbents (Tolosa et al.,
1996; Miliadis & Malatou, 1997; ElKabbany et al., 2000). Recently, graphitized carbon black
cartridges (GCB) (Martinez et al., 2000) and different polymeric adsorbents such as
ethylvinylbenzenedivinylbenzene (EVBDVB) (Charizopoulos & Mourkidou, 1999; Tolosa et
al., 1996), and hydroxylated polystyrenedivinylbenzene (hydroxylated PSDVB) (Tolosa et al.,
1996) have been introduced for SPE. Tolosa et al. (1996) concluded that C18 and PSDVB disks
provided comparable results for the analyzed pesticides. Deger et al. (2000), as well, compared
the extraction efficiency of C18, hydroxylated PSDVB and EVBDVB for the determination of
some organochlorines. They concluded that C18 and hydroxylated PSDVB showed good results
as sorbents when acetone was used for desorption of the pesticides from the polymer. As far as I
know, the plain PSDVB has not been yet introduced in the literature of analysis of
organochlorines.

Separation and detection techniques
The organochlorines present in the final extract need to be individually separated and detected by
selective separation techniques in order to be correctly identified and quantified. Therefore,
several attempts to improve the available techniques are presented in literature. This improvement
implies satisfactory baseline separation, high obtainable recoveries, and low detection limits. In
recent years, gas chromatography (GC) with different types of stationary phases has been
developed. GC is used for the separation of organic constituents present in environmental
samples. The sensitivity of the GC permits the analysis of samples containing µg/l of the target
analytes, or less. Different detection techniques, such as flame ionization detection (FID) (Magdic
& Pawliszyn, 1996) electroncapture detection (ECD) (Rovedatti et al., 2001; Li et al., 2003), and
mass spectrometry (MS) (Aguilar et al., 1998; Dmitrovic et al., 2002), have been used. Zulin et
al. (2002) used ECD for detecting some organochlorines and confirmed the obtained results by
analyzing selected samples by GC/MS. In fact, Magdic & Pawliszyn (1996) reported that limits
of detection for organochlorines were improved from ng/l, achieved by using GC/FID, to sub
ng/l, using GC/ECD or GC/MS. The former has extremely high sensitivity for compounds
containing electronegative elements, such as chlorine. However, the latter allows the
identification of unknown compounds by fragmenting each compound, and hence generating
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specific mass fragments (m/z) which act as a fingerprint of that compound. The produced mass
fragments are presented in a fullscan spectrum. Furthermore, specific m/z are chosen from the
fullscan spectrum and are applied in the selected ionmonitoring mode (SIM), in order to achieve
selective detection of the analytes.
Electron Ionization (EI), being the first ionization technique applied in MS, is defined as the
ionization and fragmentation of a molecule by a beam of energyrich electrons, where mainly
positive, but also negative ions are produced. Bond cleavages produced by electron ionization
give reproducible mass fragments, which allow identification of the structure of the compound of
interest. However, a major drawback from EI is that it gives almost identical mass spectra from
isomeric structures making it difficult to differentiate between them. This was the case for the
BHC compounds in this study. Further, the relatively intense fragmentation may lead to loss of
some important information about the compound structure, i.e. absence or very low abundance of
its molecular mass fragment. Another ionization technique is chemical ionization (CI), which
implies the introduction of a reagent gas into the ion source. The reagent gas is ionized by the
electron beam and the ionized organic molecule either by proton transfer from positively charged
reagent–gas ions, by ionmolecule adduct formation, or by electron transfer from an excited atom
or molecule (Oehme, 1998). The major difference between EI and CI is that in EI, relatively high
energy electrons collide with molecules of sample producing positive ions and fragments of the
beaten molecule. In CI, most of the emitted electrons collide with reagent gas molecules forming
reagent ions that react with sample molecules to form sample ions. CI ion formation involves less
energy than EI, and hence less fragmentation of the analyzed molecules. Therefore, CI is usually
used to determine the molecular weight of analytes, because it shows higher abundance of
molecular ions than EI (Hewlett Packard, 1998). Also, CI permits the identification of isomeric
structures in case of suitable reagent gas. However, the major drawback of CI is that it does not
give sufficient information for structure elucidation and identification of compound as EI does
(Oehme, 1998).
CI, depending on the ionization reaction, generates positive or negative ions, which are analyzed
separately by applying MS positive (PCI) or negative (NCI) detection. Positive ions are formed
either by proton transfer or charge transfer reactions. Negative ions are formed either by electron
capture, dissociative electron capture, ionmolecule reactions, or ionadduct formation (Oehme,
1998). PCI usually yields high abundance of the molecular ion; hence it is often used to
determine the molecular weights of analytes. However, PCI, which is not as sensitive as NCI,
generates higher background level and hence higher detection limits. For this reason, NCI is
preferentially used for the determination of trace levels of analytes, which favor electron capture
mechanism, such as pesticides that have chlorine as the heteroatom (Hewlett Packard, 1998).

SPE principles
Qualification and quantification of pesticides in water samples by SPE involves the isolation
(extraction) of the target compounds, and subsequent separation by means of chromatographic
techniques. In order to increase the recoveries and reduce the standard deviation, the following
factors should be optimized: first, desorption of pesticides from the sample matrix to the aqueous
phase should be fulfilled. This can be achieved by the addition of a watersoluble organic solvent
to the sample, which ensures desorption of the pesticides from the surfaces not only from
particles in the sample matrix, but also from the sample vessel. Second, partitioning of analytes
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from the sample to the adsorbent, which can be optimized by enhancing the extraction efficiency
of pesticides by increasing the ionic strength of the sample and/or adjustment of its pH (Aguilar
et al., 1998). Third, elution of the trapped analytes from the adsorbent by choosing a proper
solvent and by preparing the cartridge by different activating and conditioning procedures before
introduction of the sample.
The following steps are included in a SPE analytical protocol:
Sample preparation
The preparation of samples implies the adjustment of the physicochemical properties, i.e. ionic
strength and pH. Increased ionic strength decreases the solubility of organic compounds in the
aqueous phase and improves their retardation to the cartridge (Aguilar et al., 1998). To ensure
complete extraction of acids or bases, the pH has to be adjusted two pH units below or above the
pKa value of the acid or base, respectively. By this, the fraction of ionized compounds are
minimized, which otherwise would have escaped from adsorption to the polymer, since the
adsorption mechanism to organic polymers are hydrophobic (Jonsson, 2003).
Solvation
In order to enhance the adsorption of pesticides to the polymer resin, several studies applied a so
called solvating step. Methanol has successfully been used for this purpose (Patsias &
Mourkidou, 1996; Tolosa et al., 1996; Zhang et al., 2002). Also, the cartridges can be solvated by
adding two different solvents, such as hexane and methanol (Dmitrovic et al., 2002) and ethyl
acetate and methanol (Miliadis & Malatou, 1997). However, polymeric resins do not need
activation of the resin by an organic solvent to achieve the proper threedimensional adsorbent
structure as silica based sorbents do. This is attributed to the stable threedimensional structure of
the polymeric sorbents (S. Jonsson, Linköping University, Sweden, pers. comm.). Therefore, the
use of organic solvents for solvating the polymeric resins is only to improve the recovery of the
analytes and reduce the variations from individual cartridges.
Conditioning
In order to assure good adsorption, hence good recoveries of pesticides from the water sample,
the introduction of an organicfree water to the cartridge is needed prior to sample loading, i.e.
HPLCgrade water (Martinez et al., 2000), bidistilled water (Tolosa et al., 1996), organic free
water, or MilliQwater (Zulin et al., 2002). Moreover, in order to ensure proper conditioning of
the cartridge, the introduced water should have similar physicochemical properties as the
analyzed sample, i.e. the ionic strength and pH. In general, the conditioning step is important for
the cartridge so as to adapt to the same physicochemical properties of the samples, and hence the
first milliliters of sample will not be wasted for conditioning purposes.
Sample loading
Loading of sample takes place immediately after the subsequent steps for solvation and
conditioning of the cartridge. The introduction of sample takes place under vacuum at a flow rate
that permits the adsorption of the target pesticides to the stationary phase. The subsequent steps
of solvation, conditioning and loading of the sample should avoid the interference of air to the
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cartridge. More precisely, air dries the solvated surface of the cartridge resin, and prevents
complete penetration of the introduced sample through the fine pores of the resin. Thereby, the
sorption sites are reduced and the adsorption efficiency is decreased (S. Jonsson, Linköping
University, Sweden, pers. comm.).
Cleaning step
The matrix is defined as the sum of organic and inorganic compounds within a sample. It might
not only be coextracted, but also coeluted with the target compounds. Also, it might interfere
during separation and detection. Therefore, a washing solution is added as a cleaning step before
elution to minimize contaminants that might coelute with the target compounds resulting in a
background noise contamination in the chromatographic analysis. Thus, it increases detection
limits, and contributes to under or overestimation of the actual concentrations of the targets. In
addition, the eluted matrix complicates qualification. Hence, a washing step is usually introduced
in the analytical protocol, in order to minimize the effect of matrix. The washing step constitutes
of a small volume of water with a specific pH and/or a few percentages of a polar organic solvent.
The washing solution should elute the interferences but not the target compounds. Jonsson &
Borén (2002) report that the presence of acetone decreases the polarity of the washing solution
and that the increased concentrations of acetone desorbes analytes with decreasing polarity.
Therefore, one might conclude that there is a proportional relationship between the concentration
of acetone and the eluted compounds; hence the addition of 100% acetone elutes all polar
compounds, including our pesticides (Jonsson & Borén, 2002).
Drying step
For complete elution of the analytes from the polymer resin, the cartridges should be completely
dried, because the remaining water molecules within the pores of the stationary phase prevent
thorough penetration of the eluting solvent, and result into lower and uncertain recovery.
Complete drying of the cartridge is especially important when hydrophobic eluting solvents, such
as hexane or methylene chloride, are used. The drying might take place under vacuum (El
Kabbany et al., 2000) or with a stream of nitrogen at room temperature for a certain period
(Deger et al., 2000). Martinez et al. (2000) dried their cartridges for only 2min under vacuum
and, to ensure complete dryness, they added 0.4 ml of methanol followed by vacuum for 1 min.
By this, the remaining water was dissolved in the methanol and the traces of water were
eliminated more easily than by using vacuum only.
Elution
The desorption of the adsorbed analytes from the cartridge takes place by the addition of an
organic solvent capable of breaking hydrophobic interactions between the active sites of the
sorbent and the trapped analytes. Elution of pesticides from polymer resins might take place by
several organic solvents, i.e. methanol (Martinez et al., 2000), ethyl acetate (Charizopoulos &
Mourkidou, 1999; Louter et al., 1996; Miliadis & Malatou, 1997), methanol and ethyl acetate
(1:1) (ElKabbany et al., 2000), or by three eluents, i.e. ethyl acetate, acetone and ethyl acetate &
acetone (30:70), respectively (Deger et al., 2000). Polar solvents are usually more powerful than
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the unpolar. However, the power is not only dedicated to the analytes but also to the adsorbed
matrix (Jonsson & Borén, 2003). Therefore, polar solvents should be used with precaution.
Evaporation
The collected eluate, containing the desorbed pesticides and the remaining matrix, is concentrated
to a smaller volume in order to further concentrate the analytes. The concentration step takes
place by evaporation of eluates to a suitable volume, under a gentle stream of nitrogen (Martinez
et al., 2000).

METHODOLOGY
Materials and chemicals
The chemicals and materials used for the analysis of pesticides were the following: ethyl acetate
(99.8%), sodium chloride (pro analysi grade), methanol and acetone (both of chromatography
grade, suitable for residue analysis) and a standard mixture of 16 organochlorine pesticides
dissolved in methanol and methylene chloride (98:2), were bought from VWR International
(Stockholm, Sweden). Ethanol (98%) was purchased from Kemetyl (Stockholm, Sweden). The
hydroxylated (ENV+) and plain (101) PSDVB cartridges (6ml reservoir volume and 200mg
sorbent mass) were purchased from Sorbent AB (Göteborg, Sweden). The different pesticides and
their individual concentrations are shown in Appendix 1. Organicfree water was obtained by
passing tap water through Millipore purification system generating socalled MilliQwater.
Helium (purity 6.0) and nitrogen (purity 6.0) were purchased from Aga Gas or Air Liquide,
Sweden. The identification of pesticides in the fullscan mode was performed using the Wiley
275 library. Modde 6.0 was used for the generation and evaluation of the statistical experimental
designs.

Instrumentation
The pesticides were analyzed with a HewlettPackard 6890 GC connected to a HewlettPackard
5973 MS system. The MS was operated in either EI or CI, using fullscan and SIM mode. In EI,
the electron multiplier voltage and the filament emission current was set at default values, i.e.
1482 V and 35 µA, respectively. In CI, these parameters were optimized with respect to
sensitivity for the pesticides to 2576 V and 200 µA, respectively. When EI was applied, the ion
source and quadrupole temperatures were 230 and 150ºC, respectively, while 150 and 106ºC,
respectively, during CI.
One µl of the sample extract was injected with pulsed splitless on a 5% phenyl column (30
m×0.25 mm I.D., 0.25 µm film thickness; SGE, Scantec, Stockholm, Sweden) using a HP A1773
autoinjector. The injection temperature was 280ºC and helium was used as carrier gas at a
constant flowrate of 1.2 ml/min. The temperature program was 80ºC held constant for 5 min,
then increased by 3ºC/min to a final temperature of 215ºC. The interface temperature was held
constant at 280ºC.
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Identification of the target compounds
The pesticide mixture (Appendix 1) was diluted ten times in ethyl acetate and analyzed in the
fullscan mode of the EI mode in order to identify the individual pesticides, by means of detecting
their mass fragments (m/z) using the electronic library. A chromatogram with the pesticides
analyzed with the finally chosen program, using the EI, is shown in figure 2.

Figure 2: EI fullscan chromatogram of the pesticides included in this study and their retention
times.

Quantification and qualification
The qualitative detection of pesticides took place on the base of the relative retention times
compared to the internal standard. In addition, confirmation of each pesticide, especially in field
samples, was performed by comparing the abundance ratio of the specific mass fragments
obtained in the NCISIM to the abundance ratio obtained from the mass spectrum of the pesticide
in the fullscan mode of NCI (a chromatogram of the analyzed pesticides and their retention times
is shown in Figure 3). The most abundant mass fragments were chosen for quantification
purposes, and the 34 less abundant fragments, socalled qualifiers, were chosen for qualification
purposes (Appendix 2). More precisely, ratios between the most abundant mass fragment to the
abundances of the qualifiers obtained from SIM were compared to the equivalent ratios obtained
from fullscan. Theoretically, the observed abundance ratios should not deviate by more than
15% from the theoretical value (Oehme, 1998). However, this limit was exceeded in our study,
especially when performing the analyses of field samples, since the trace amounts of pesticides
were affected by contaminants present in the chromatogram and fluctuations in the baseline level.
Abundances that differed more than 20% were supposed to deviate too much from the theoretical
value that was obtained from the mass spectrum, resulting in negative confirmation of the
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pesticides. Hence, the presence of a pesticide in the sample could not be confirmed unless the
qualifiers differed less than 20% from the theoretical values.

Figure 3: NCI fullscan chromatogram of the pesticides analyzed in this study and their retention
times.

Calibration solutions
The quantitative determination of the analyzed pesticides in the field samples was performed by
means of calibration curves constructed with standards analyzed with the final analytical
protocol. Aliquots of 2 ml MilliQwater fortified with 5 µl (40 ng/µl) of the internal standard and
different volumes ranging in the order 0, 0.4, 1.0, 2.0, 5.0 µl (0 to 49.8300.2 ng) of the standard
mixture were used to obtain calibration curves. All concentrations were analyzed in duplicates.

Detection limits
Detection limits were set by requiring a signaltonoise (S:N) ratio of 3:1 in the chromatograms of
the mass fragments used for quantification. The quantitative determination of pesticides was
performed as mentioned by Oehme (1998), where the noise was measured in a window free of
peaks directly in front of the compound peak over a period of five times the width of the peak, if
possible. The peak height of the compound was measured from the middle of the noise range to
the top of the peak. Thus, peaks with S:N ratio less than three were reported as bellow detection
limit in the analysis. Worth to mention, fluctuations in the baseline and the presence of coeluting
compounds complicated the integration of the desired peaks. Oehme (1998) indicated that
quantitative analyses were as good as the precision of the integration of the peak area. Therefore,
fragments chosen for quantitative purposes were those with higher abundance, higher m/z values,
and unique for representing pesticides (Jonsson, 2003). If the previous criteria are available in the
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mass fragments, they will help in confirmation and quantification since the baseline is reduced,
which lower the detection limit.

Experimental design
For the sample preparation, the effect of the ionic strength on the extraction efficiency of
pesticides was tested by applying an experimental design, i.e. Modde 6.0 (Umetrics, Umeå,
Sweden). Modde was applied in order to optimize two variables, i.e. sodium chloride and
methanol, by creating a central composite (CCC) design with three center points. Modde enabled
the possibility of checking the effect of the two variables on the extraction efficiency of
pesticides. This made it possible to create a contour plot where the optimum conditions for each
individual analyte within the investigated domain were established. The investigation of five
levels of each variable and 11 independent samples, including the center points, took place. The
variables varied in the range from 0 to 9.35%.
The effect of pH on the extraction efficiency of pesticides was never examined in our study, since
neutral and uncharged compounds, like the present pesticides, were hydrophobic and did not need
pH adjustment prior to extraction (Jonsson, 2003).

Elimination of background contamination
The background contamination was minimized by applying a washing procedure, where all
glassware was carefully washed by water and detergent, rinsed with three portions of MilliQ
water. Then, after dryness for 30 minutes at 80°C, it was rinsed with three portions of ethanol,
dried again and heated at 450°C for 20 hours (Jonsson et al., 2003). Syringes were washed
thoroughly with acetone and their pistons were rinsed with ethanol. The samples were collected
and stored in halfliter brandnew plastic bottles that were prewashed thoroughly with water and
detergent, rinsed with three portions of MilliQwater, followed by three portions of ethanol. The
bottles were dried for 30 minutes at 80°C after each washing step.

The addition of the internal standard
After the qualitative identification of the pesticides, quantification should take place. Thus, the
importance of the addition of an internal standard arises. It is added to the sample as a correction
factor where deviations of injection volumes and variations in detector response are compensated
(Tsipi & Hiskia, 1996). In fact, the internal standard should behave the same as the targets
throughout the whole analysis (Patnaik, 1997). Of course, the internal standard should not coelute
with the analyzed compounds. A multi chlorinated aromatic compound, namely
pentachlorobenzene (40 ng/µl), was chosen as the internal standard since it fulfilled the above
mentioned criteria. Therefore, during all method development procedure, the internal standard
was spiked to the final extract, i.e. after performing the step under investigation, because if
otherwise it would have corrected the variations of the response of pesticides during the
examined step and hence the performance of pesticides would not have been fully determined.
But, when performing the analyses of the calibration solutions and field samples, the internal
standard was added in the earliest step of the analytical protocol so as to correct the behavior of
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pesticides regarding the matrix effect, sorbent capacity, ionic strength and of course the human
error.

SPE development
Choice of cartridge
Several analyses studying the performance of plain and hydroxylated PSDVB polymers took
place. The plain PSDVB is characterized by a surface area of approximately 500 m2/g and an
average size of 60 µm. The hydroxylated PSDVB is characterized by its irregularshaped
particles having a surface area of approximately 1000 m2/g and an average size of 90 µm (Figure
4). In order to examine the behavior and the extraction recoveries obtained from the plain and
hydroxylated polymers, 10 µl of pesticide mixture was spiked into 2 ml of MilliQwater and was
passed through both sorbents in parallel.
OH
OH

OH

Hydroxylated PSDVB

HO

HO

OH

HO

HO

Plain PSDVB

Figure 4: chemical structures of the hydroxylated PSDVB and plain PSDVB.
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Solvating the cartridge
The subsequent steps of activating and conditioning the cartridges aimed to minimize the
background level and to initiate the extraction procedure. Thus, the cartridges were activated by
the addition of 2 ml ethyl acetate (10 min), where it was supposed to facilitate desorption of
organic compounds from the PSDVB polymers. Due to the immiscibility of ethyl acetate in
water, the addition of a watersoluble organic solvent took place in order to replace the existing
ethyl acetate. Then the cartridges were conditioned by the addition of 2ml of MilliQwater,
having the same ionic strength as the fortified water.
Loading of sample
After the subsequent steps of solvating and conditioning the cartridge, samples were loaded
immediately without the interference of air. The addition of samples took place under vacuum at
a moderate flow rate, i.e. ca 5 to 10 ml/min, which permitted the adsorption of the target
pesticides to the PSDVB polymers. After sample loading (and cleaning step), the cartridge was
dried via suction for at least an hour, to ensure the complete dryness of the cartridges.
Cleaning step
The appropriate concentration of the added cleaning solution, i.e. acetone, was examined by
performing several analyses, where 2 ml of MilliQwater containing 0, 2, 4 and 8% of acetone
was added to the cartridges immediately after sample loading.
Elution with ethyl acetate
In order to examine the number of portions of ethyl acetate that gives sufficient results in the
elution of pesticides, five portions of ethyl acetate each of 0.5 ml were added subsequently to the
cartridges and held for five minutes before elution. The eluents were collected in four vials,
where the first and the second portions were combined and analyzed by GC/MS.
Concentration via evaporation
The eluate was evaporated by a gentle stream of nitrogen to 200µl volume in a conical glass tube
and thereafter transferred via a pasteur pipette to a 300µl glass vial. Meanwhile the evaporation
continued, the remained traces of pesticides in the glass tube were washed off by the addition of
0.3 ml of ethyl acetate, which was also transferred to the 300µl vial. Finally, the eluate was
evaporated to a final volume of ca 100 µl before analysis.
During the concentration step, it was difficult to transfer all the eluate via the pasteur pipette
without leaving residues at the bottom of the conical glass tube, and since trace amounts of
pesticides were analyzed, the remained portion constituted a significant percentage of the overall
concentration. Therefore, an addition of 0.3 ml of ethyl acetate was supposed to desorb the
pesticides that were adsorbed to the surface of the glass tube, and to dilute and minimize the
amount of pesticides that were left on the bottom of the tube.
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RESULTS  METHOD DEVELOPMENT
Chromatographic conditions and MS detection
The total ion chromatogram (TIC) obtained from the fullscan acquisition mode permitted the
optimization of the chromatographic conditions, in order to achieve high selectivity and
sensitivity. In fact, parameters like GC temperature range, acquisition mode, electron multiplier
voltage and emission current were changed to achieve satisfactory base line separation, which
gave a better quantification and qualification of pesticides. Also, the TIC permitted the access to
the mass spectrum of each compound, from which the detection of the most abundant and
frequent mass fragments took place. The selected mass fragments representing each compound
were divided, depending on the retention times of their compounds, into five major groups
applied in the selected ion monitoring (SIM) mode. Singh et al. (1998) report that the sensitivity
of the GCMS decreases by increasing the number of monitored ions. Therefore, SIM groups did
not exceed 16 ions for SIM, and the number was almost the same in all groups in order to ensure
the same scan time for each compound. The SIM mode was used to improve the detectability and
selectivity of pesticides (Louter et al., 1996). Qualification and quantification of pesticides during
the method development procedure took place by EI, using the full scan and the SIM mode,
respectively.
Despite the fact that the EI mode has low sensitivity for organochlorine pesticides due to high
fragmentation of such analytes, it constitutes a barrier in front of detecting the trace amounts of
pesticides present in field samples. Therefore, the negative mode of chemical ionization (NCI)
was chosen for the determination and quantification of pesticides in the calibration analyses and
field samples. The same procedure applied for electron ionization was applied for chemical
ionization, where the screening of the intended compounds took place to identify their individual
spectra. Quantification took place by applying the SIM. Moreover, the electron multiplier voltage
was changed several times in order to increase the sensitivity of the GCMS. It was changed from
2082 to 2582, 2706 and 2382 V. The results obtained from examining the electron multiplier
voltage indicated that the optimum yield for pesticides, especially the DDT compounds, was at
2582 V. Also, the sensitivity of MS is affected by the emission current of electrons. The CI
manual reports that the optimum emission current maximum for NCI is very compound specific,
and the optimum emission current for pesticides is about 200 µA (Hewlett Packard, 1998).
However, this was not examined in this study.

Identification of the target compounds
The TIC obtained from the fullscan of the pesticides mixture indicated that the four BHC
compounds had almost identical mass fragments and were not possible to be differentiated upon
via the electronic library. Therefore, a full scan analysis of only lindane (gBHC) was performed
for confirmation of its retention time. Consulting the literature, the following elution order of the
BHC was suggested for the present study: aBHC, gBHC, bBHC and dBHC. Also, the
obtained chromatograms indicated the presence of endosulfan ether and endrin ketone without
being reported as part of the pesticides mixture. In the case of endrine ketone, it has been
previously explained as decomposition of endrin to endrin aldehyde and endrin ketone (Patnaik,
1997). Regarding the endosulfan ether, there was no literature available suggesting
decomposition of either endosulfan I, II or sulfate to endosulfan ether. Therefore, it was difficult
to predict the reason for the presence of endosulfan ether during the analysis. Patnaik (1997)
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reports that the decomposition of endrin to endrin aldehyde and endrin ketone takes place on dirty
injection ports. Therefore, the injection port was changed and the column was 1m cut of from its
15m original length, but unfortunately the phenomenon was still observed.

Calibration solutions
The calibration curves permitted the identification of the concentration of pesticides in halfliter
of water by linking the area ratio (x) and the concentration of individual pesticides (y) using the
equation y = kx + c. The concentrations of pesticides (ng) were determined in ½ l of water by
applying the (y = kx) part of the previous equation. Also, calibration curves permitted the
identification of the precision and linearity of the method, in addition to the correlation
coefficients of the calibration curves, which were found to be in the range between ca 0.99 and
1.00 (Appendix 3). The repeatability of the method was determined by extracting triplicates of
MilliQwater fortified with 5 µl of the pesticide mixture and 5 µl of the internal standard. The
relative standard deviation values were between 8 and 18%.
It is worth mentioning that even though an addition of internal standard was performed, this
procedure cannot compensate for the effect of matrix and the differences of the physicochemical
properties within the sample. Therefore, standard additions of pesticides into field water samples,
instead of MilliQwater, would have been more representative. Also, it would have given more
representative chromatograms that take into account the interference of the contaminants within
the sample, and would have corrected the variations of the fluctuations in the baseline.
Unfortunately, the limited number of field water samples did not allow the performance of
calibration solutions from field water samples. Instead, as has been previously mentioned, the
addition of the internal standard aimed to correct the differences of physicochemical properties
and the effect of matrix between the field samples and the MilliQwater. Therefore, the resulted
curves were considered reliable to reflect the exact concentration of pesticides in the field
samples.

Choice of cartridge
The results obtained from examining the performance of the plain and hydroxylated PSDVB
showed that the average recovery percentages of most of the eluted pesticides were almost the
same regardless of the used sorbent, i.e. 867% (Table 1).
In order to confirm the results obtained from the elution of pesticides, the eluted cartridges were
eluted a second time with four portions each of 0.5 ml of acetone. Acetone was chosen in this
case for being a stronger eluting solvent, capable of eluting the trace amounts of pesticides. The
eluates contained only traces of pesticides that did not constitute any significant portion of the
total concentration. This indicated that the pesticides were efficiently eluted from both types of
polymers during the first elution with ethyl acetate. The unnoticeable differences between the
obtained recoveries from the eluents of both sorbents gave us the freedom to choose the plain PS
DVB as the SPE cartridges to be used in this study.
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Table 1: Recovery of the pesticides using hydroxylated and plain PSDVB
Compound
aBHC
Lindane (gBHC)
bBHC
Endosulfane ether
dBHC
Heptachlor
Aldrin
Heptachlor epoxide
Endosulfane I
Dieldrin
DDE
Endrin
Endosulfane II
DDD
Endosulfane sulfate
DDT

Hydroxylated PSDVB
41
45
22
66
25
39
9
35
30
33
24
36
38
28
47
30

Plain PSDVB
42
46
17
67
25
39
9
33
27
30
24
32
34
26
46
28

Sample preparation
The evaluation of the results obtained from Modde, concerning the effect of ionic strength on the
extraction efficiency of pesticides, indicated a proportional relationship of increasing ionic
strength to extraction recovery. The addition of sodium chloride increased the ionic strength, and
hence lowered the solubility of pesticides, which improved their retention on the adsorbent and
thereby increased their extraction efficiency. This is confirmed by Aguilar et al. (1998) who
reports that the addition of sodium chloride improves the extraction efficiency of pesticides with
low hydrophobicity. The diagrams also showed that the optimum recoveries were obtained by the
addition of low percentages of methanol (Appendix 7 shows the contour plot for lindane, chosen
as a representative of pesticides). High percentages of methanol resulted in lower recoveries of
pesticides because they were desorbed from not only the matrix, but also from the sorbent; hence
they were not satisfactorily retained on the stationary phase of the cartridge. Conclusively, the
addition of 2% of methanol and 10% of sodium chloride to the sample was chosen.

Cleaning step
The results obtained from examining the concentrations of the washing solution showed,
unexpectedly, that the highest recoveries of pesticides were achieved by the addition of the
highest percentage of acetone (8%). Thus, they contradicted our expectations by showing that the
recoveries of most of the pesticides were proportional to the percentages of the added acetone
solutions.
In order to investigate the possibility of contamination from the washing solution, the addition of
5 µl of the internal standard followed by the addition of different volumes of washing solution,
i.e. 0, 2, 4 and 8 ml, of 8% of acetone took place. The results showed that no contamination
occurred due to the addition of washing solution. The reasons of the interpreted results were
unknown. It was concluded that the obtained results were unstable and unreliable. Still, a washing
step was believed to add more positive properties, through decreasing the number and
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concentrations of coeluting compounds. Therefore, a washing solution of 2% acetone was finally
chosen.

Elution
When five portions of 0.5 ml ethyl acetate were used for elution, the obtained results indicated
that 98100% of the pesticides were recovered in the first 2.0 ml. The subsequent portions of
ethyl acetate were held for five minutes on the cartridges so as to ensure the penetration of the
solvent through the pores of the sorbent. In fact, the first two portions were combined and left on
the cartridges for ten minutes because the first portions were expected to act as wetting solvent
for the dried sorbent. They were held on the cartridge so as to ensure the penetration of ethyl
acetate through the pores of the sorbent, and the elution of the maximum possible amounts of the
adsorbed pesticides. The subsequent portions were added for the elution, but also for dilution
purposes. However, the total recoveries were not satisfactory for all pesticides (67135%,
Appendix 3). So, in order to examine if those compounds were still retained on the cartridges,
they were eluted a second time with three portions of 0.5ml acetone. The resulted
chromatograms showed no significant amount of any pesticide. The addition of 2.0 ml of ethyl
acetate divided into three portions, i.e. 1.0, 0.5 and 0.5 ml, was regarded as sufficient for the
elution purpose.

Quality control criteria
In order to check whether the method development procedure has been a subject to the
occurrence of interferences in the chromatograms that might lead to erroneous results, separate
analyses were performed for checking the cleanliness of each step and the involved solvents. In
fact, separate analyses of the solvents, i.e. ethyl acetate, acetone and methanol were sufficient to
conclude that no significant interference from solvents and the GC/MS instrument were involved
in the chromatograms. Moreover, blanks of MilliQwater spiked with the internal standard,
extracted on the plain PSDVB, eluted with ethyl acetate and concentrated to ca 100 µl volume
indicated that the different steps of the analysis were reliable enough in regard to interferences
and contamination. Injections of ethyl acetate between each analysis prohibited cross
contamination in the chromatographic system.

FINAL METHOD
Method development resulted in a final method for the analysis of organochlorine pesticides
applied on field water samples from Jordan:
·

Add 20 g of sodium chloride and 10 ml of methanol to 500 ml of field water.

·

Add the internal standard to the water sample (5 µl pentachlorobenzene, 40 ng/µl).

·

Activate the cartridge by adding subsequent portions of 2 ml of ethyl acetate (10
min) and 2 ml of methanol.
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·

Condition the cartridge by the addition of 2 ml of MilliQwater containing 10%
(w/v) sodium chloride and 2% (v/v) methanol.

·

Load the water sample onto the cartridge at a moderate flow rate (< 10 ml/min).
Use vacuum, if necessary.

·

Add 2 ml of MilliQwater containing 2% acetone to the cartridge, as a cleaning
step, after loading the sample.

·

Dry the cartridge via suction for at least an hour.

·

Elute the cartridge with three portions of ethyl acetate, the first is 1 ml and is left
for 10 min, the second and the third are 0.5 ml each and are left for 5 min.

·

Evaporate the eluent by a gentle stream of nitrogen to 200µl volume, transfer the
eluent via a pasteur pipette to a 300µl glass vial and the remained traces are diluted
by the addition of 0.3 ml of ethyl acetate and transferred to the vial. Then the eluent
is concentrated by evaporation to a final volume of 100 µl.

·

Separation and detection: pesticides are separated and detected by GC/MS using
SIMNCI with an electron emission current of 200 µA and electron multiplier
voltage of 2582 V (Appendix 2 shows the mass fragments of pesticides used in
both the EI and the NCI mode).

DISCUSSION
Decomposition
Regarding the decomposition of endrin to endrin aldehyde and endrin ketone, Patnaik (1997)
showed that the percentage breakdown of endrin was calculated by the following formula:
% Breakdown of endrin = (Am + Km) / (Em + Am + Km) × 100
Where Em is the measured area of endrin, Am is the measured area of endrin aldehyde, and Km is
the measured area of endrin ketone. The formula is valid when endrin is the only source for
endrin aldehyde and endrin ketone. However, in this study endrin aldehyde constituted part of the
added pesticide mixture. Therefore, the measured area of endrin aldehyde was a result of endrin
aldehyde itself together with the decomposition of endrin. Hence, the formula was corrected
based on the concentration of both of endrin aldehyde and endrin in the spiked pesticide mixture.
More precisely, the measured area of endrin was a result of the remaining endrin after the
decomposition to endrin aldehyde and endrin ketone, i.e.
Em = E – Ea  Km
where E is the theoretical area of endrin (i.e. without decomposition), A is the area of the
original endrin aldehyde, and Ea is the area of endrin aldehyde obtained from the decomposition
of endrin.
The measured area of endrin aldehyde (Am) was the sum of the original added endrin aldehyde
(A) and the decomposition of endrin (E), i.e.
Am = A + Ea
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The ratio of concentration of endrin aldehyde to endrin in the pesticide mixture was 2.99: 1,
(Appendix 1) giving A = 2.99 E
Applying the mentioned formulas, the following equation was obtained:
Em + Am = 3.99 E  Km
Hence, the theoretical area of endrin without decomposition was obtained by the formula
E = (Em + Am + Km) / 3.99, and the theoretical area of endrin aldehyde without the interference of
endrin was calculated by the formula A = 2.99 E
The application of endrin, endrin aldehyde and endrin ketone areas in the corrected equations,
made it possible to determine the concentrations of endrin and endrin aldehyde in case that no
decomposition occurred. Thus, the final obtained results reflected the original concentrations of
endrin and endrin aldehyde. By using the abovementioned reasoning, it was possible to obtain
the original areas of endrin and endrin aldehyde, which were used in the field samples.

SPE
Sample preparation
The diagrams that were obtained from Modde showed that the extraction efficiency of pesticides
was improved by increasing the amount of the added sodium chloride. However, the proportional
relationship between the added sodium chloride and the obtained recoveries stabilized with the
increased amounts of sodium chloride, i.e. > 8%. Therefore, the addition of more than 10% of
sodium chloride would not result into significant increase of recoveries than those obtained from
the added percentages.
Choice of cartridge
The plain and hydroxylated PSDVB showed similar recoveries for the extracted pesticides.
However, theoretically the hydroxylated PSDVB has greater adsorption capacity towards
hydrophobic compounds that have polar sites and/or aromatic structures in their molecular
structures. This is attributed to the polarity of the hydroxyl groups in the polymer (Jonsson,
2003). Therefore, the plain PSDVB was chosen for the extraction of the pesticides since it most
probably will reduce the influence of polar compounds that may result into background
contamination in the final extract. The case of choosing the silicabased cartridges was never
questioned since they do have lower carbon capacity than the polymeric sorbents, i.e.
hydroxylated and plain PSDVB, which results in lower adsorption capacity. Of course, this
results in lower recovery and thereby higher detection limits of the pesticides (S. Jonsson,
Linköping University, Sweden, pers. comm.).
Cleaning step
The unexpected results of the cleaning procedure should have been tested more thoroughly in
order to examine the reliability of the obtained results. Human error might have interfered in the
different steps of analysis, i.e. the fortification of pesticides, the addition of different percentages
of the washing solution, the drying step, and/or the elution of the adsorbed pesticides. However,
the addition of the internal standard aimed to correct the variations of injection volumes, human
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errors and instrumental errors. As mentioned previously, the internal standard fell into an
organochlorine group, and was expected to behave in a similar way as pesticides did. The internal
standard was expected to show proportional relationship between the percentage of the added
washing solution and the obtained area. But surprisingly, the internal standard showed an inverse
relationship with the added percentages of washing solution. In other words, the behavior of the
internal standard, unlike pesticides, followed the expectations of literature. However, the
application of the internal standard into the area count of pesticides did not have significant effect
on the obtained results, except the fact that the engagement of the internal standard in the
calculations improved the linearity of the obtained curves. The correlation coefficients of the
obtained curves were in the range 0.7 to almost 1.0, except for dBHC and endosulfan I, which
limited the possibility of the significant interference of human error in the analysis. The analyses
were considered reliable, and due to limiting factors such as time, chemicals, and equipment, the
analyses were not repeated entirely. Instead, the results were confirmed by repeating the
chromatographic procedure and reintegrating the area of peaks.
Elution
The addition of four small portions of ethyl acetate (0.5 ml each) was preferably chosen over the
addition of only one big portion (2 ml). In case of the addition of only one portion, the pesticides
might concentrate in the eluting solvent, which results into the elution of fewer amounts of
pesticides. Thus, the subsequent portions diluted the previously desorbed pesticides, desorbed the
still adsorbed pesticides, and eluted the retained pesticides on the cartridge.
Generally, all analysis steps were performed with regard to the lowest possible amounts of
solvents, equipment and glassware without loosing sufficient recoveries of pesticides, so as to
minimize the interference of contaminants from each step. Also, so as to save the time and money
which were as crucial as any other parameter in the analysis.

Recovery
The recovery of the method was assessed by spiking (49.8300.2 ng) of standard pesticide
mixture to 2 ml of MilliQwater, and performing the solidphase extraction under the same
analytical protocol as the analyzed samples. The resulted ratio (area of pesticide: area of internal
standard) was compared to its equivalent, where pesticides were spiked directly to the last vial of
ethyl acetate. The obtained recoveries were in the range from 67 to 135% with the majority of
pesticides in the range 67 to 110% (Appendix 3). However, it was observed that some pesticides
were recovered by more than 100%, i.e. alphaBHC, endosulfan ether, and endosulfan sulfate.
The reason for the obtained recoveries is unknown. However, Deger et al. (2000) reported that,
by performing SPE using the hydroxylated PSDVB, the recovery of endosulfan sulfate was
164%. They also reported the presence of high recoveries in the literature, i.e. Raisglid et al.
(1993) and Holland et al. (1994). Raisglid et al. (1993) avoided the “high bias” that might be
generated from the high recoveries by setting the values that were higher than 100% to 100%.
Okumura (1995) reported that the cause of the high recoveries in the environmental samples was
due to the presence of coextracts, which passivated the activated surface in the GC.
The previous explanations of the high recoveries are most likely not the reason for the observed
results. However, our explanation was that there might be interferences coeluting with the
analyzed pesticides. The source of the interferences might be through the addition of sodium
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chloride and chemicals, where at this stage of analysis the chemicals were not for the analysis of
the residues of pesticides. The confirmation of the previous explanation was the observation of
extraneous peaks in the resulted chromatograms, without being observed in chromatograms from
analyses of pesticides dissolved in ethyl acetate, which might be coeluted with the desired peaks
resulting into high recoveries of some pesticides.
The socalled “high bias” was avoided when performing the analyses of field samples by linking
the obtained results directly to calibration curves obtained by letting fortified MilliQwater pass
through the entire analytical protocol instead of linking them to calibration curves obtained by
adding the pesticides in ethyl acetate.

CONCLUSION
From the method development, the following conclusions were made:
The analyses were found stable and suitable for field samples with relatively high carbon loading,
i.e. from groundwater to wastewater.
The introduction of a washing step (2% acetone) would most probably eliminate some part of the
organic polar matrix; however the degree of effectiveness was not examined.
The plain and the hydroxylated PSDVB satisfactorily retained and desorbed the analyzed
pesticides resulting in almost similar recoveries (867%). But the plain was chosen due to its
lower capacity towards polar compounds.
The extraction efficiency of the analyzed pesticides was enhanced by adjusting the ionic strength
and methanol content in the aqueous phase, i.e. 10% sodium chloride and 2% methanol.
Additional studies are needed for better detection and quantification of the degradation products
of the endrins and the endosulfans.

CASE STUDY JORDAN
Jordan has been taken as the case study of this thesis. This small and densely populated country
faces serious watershortage problems. The low average of annual rainfall, the high
evapotranspiration potential and the increased demand on water exacerbate the problem. The
country is also facing challenges in preventing the available water resources from deterioration,
where the unwise use of the organic and the inorganic chemical compounds might lead to serious
water contamination (Appendix 8).
It is worth mentioning that the agricultural sector in the country has developed in the past twenty
five years. This development was characterized by the introduction of new varieties, new crops,
and the utilization of chemical fertilizers, pesticides, herbicides, and applying the irrigation
scheme for growing crops in dry lands. Hence, farmers were tempted to enhance the quantity and
quality of their agricultural products so as to compete in the national and international market.
The continuous use of pesticides leads some pests to develop their own immunization system
against pesticides. Therefore, any increase in the concentration of the added pesticides will not be
efficient to control the pests. Also, secondary pests might develop to major pests. Besides, many
beneficial insects will be killed due to the toxicity of the used pesticides (National report, 2001).
Rifai (1993) mentions that the annual Jordanian imports of already formulated pesticides exceed
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the thousands tons. Some pesticides are manufactured inside the country either for export or for
local use, in agriculture and household issues (Rifai, 1993 in Hajou, 2003).
The identification of contaminants is a prerequisite for evaluation of significant hazards.
Therefore, many studies have taken place in Jordan for the assessment of the potential
contamination of especially organochlorine pesticides. This group of compounds was, therefore,
of particular interest for the present study. For instance, Alawi et al. (1999) reported the presence
of some chlorinated hydrocarbon pesticides in human adipose tissues. Besides, these pesticides
were observed in milk samples taken from women living in different parts of the country (Alawi
et al., 1992 & Nasir et al., 1998). An inverse relationship between the concentration of pesticides
in the milk fat and the lactation period was reported (Nasir et al., 1998). This was interpreted as
the loss of organochlorines stored in the body as a result of breastfeeding. Hence, the breastfed
newborns were fed by pesticidescontaminated milk which would be deposited and concentrated
in their bodies.
Several studies analyzing organochlorine pesticides in soil and water samples from Jordan
indicated the presence of traces of the analyzed pesticides and their metabolites (RSS, 1994 in
Shatanawi & Fayyad, 1996). More precisely, the analysis of surface water samples performed by
AlTalla’a (2000), indicated the presence of p,p’DDE at low concentration of 0.08 µg/l in
samples taken from AlShona area. Also, a study performed by the Water Authority of Jordan
analyzed organochlorine pesticides in locations along The Jordan Valley, where samples from
dams, treatment plants and King Abdullah Canal were analyzed. The obtained results confirmed
that the analyzed pesticides were below detection limit except for samples taken from treatment
plants, i.e. Irbid and Salt. The results obtained from the analysis of Irbid Treatment Plant
confirmed the presence of bBHC (0.8 µg/l), endrin (0.9 µg/l), lindane (0.9 µg/l) and endosulfan
II (1.02 µg/l) and those obtained from Salt Treatment Plant confirmed the presence of endrin
(2.00 µg/l) and endosulfan II (1.02 µg/l). The detection limits of the mentioned analyses ranged
from 0.24 µg/l to 0.55 µg/l (Water Authority, 2001). The concentrations observed were found to
meet the international standard requirements (Appendix 11) and the pesticides were not supposed
to constitute a major threat on the environment. Moreover, it is important to note that Jordan
Valley has been studied in a 5year program, where the concentrations of pesticides are reported
in order to be monitored for surveillance purposes (M. Fayyad, Jordan University, Jordan, pers.
comm.).
Jordan Valley was chosen as the sampling site in this study for being the largest source of
agricultural exports in the country; hence the use of pesticides will be concentrated in this area
especially in the spring where crops start to grow on trees. It might be subjected to high
concentrations of pesticides and was therefore chosen as a suitable area for the case study.
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Figure 5: Map of Jordan and sampling sites (Jordan Valley Authority, 2002).
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The sampling sites
Jordan Valley is part of the Great Rift Valley, which extends from South Africa to Anatolia. It
constitutes the region between The Sea of Galilee and The Dead Sea (Baird, 2000), which at 403
m below sea level, is considered to be the lowest point on earth. The Valley lies between Golan
Heights and Ajloun Mountains, which are at 1150 m above sea level (Bajjali et al., 1997). It lies
in an arid region where the temperature averages between 15.5°C (60°F) to 21.67°C (71°F) in
winter, and the average temperature in summer is 35°C (95°F) (Baird, 2000).
Three of the surface water locations were chosen along the valley for the analysis of
organochlorine pesticides (Figure 5):
1. Zarqa River, whose watershed covers an area of about 3900 km2 and has two main
branches, the first is the Amman Zarqa and the second is the Wadi Dhuleil. It is worth
mentioning that the mean annual rainfall for the Zarqa River watershed is only 273 mm.
Also, it is a perennial river having the domestic and industrial wastewater, generated from
Khirbet AlSamra Treatment Plant, as its summer nourishing source. The river is
regulated by King Talal Dam (Water Data Banks Project, 2004). The dense populated
area, in which the river is passing, and the treated wastewater, that is joining the river in
its pathway, are contributing to the deterioration of the water quality of the river and to
major health concerns.
2. King Talal Dam: provides the city Amman with water for municipal use. The generated
wastewater from the cities Amman and Zarqa is treated in Khirbet AlSamra Treatment
Plant, and reused for irrigation purposes in the unrestricted agriculture. Thus, the pumped
water from King Talal Dam is used twice: once for municipal use and the other for
irrigation, in addition to its use in power generation (Haddadin, 2000).
3. King Abdullah Canal: a 110km long canal, which conveys water from two rivers, i.e. the
Yarmouk and the Zarqa and floodwater from streams and runoffs. In summary, the treated
wastewater from Khirbet AlSamra Treatment Plant is collected in King Talal Dam and
then mixed with King Abdullah Canal for further restricted irrigation (Watercare, 2004).
King Talal Dam, King Abdullah Canal and the Zarqa River constitute the major sources for
irrigation in the region, and water pollution that is occurring in any part might be diverted to the
others (Figure 6).
In order to examine the concentration of pesticides in groundwater, samples were taken from
wells near the Zarqa River. The first was Russeifa well (17), the second was Awajan Zarqa well
(23), and the third from whom a duplicate was taken, was well number 10. The wells were almost
of 100m depth (Table 2).
The water originating from the wells is treated and processed in a treatment plant, and used as
drinking water in Tabarbour area. One sample was also taken from the outlet of the plant.
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Figure 6: Zarqa River watershed (Modified from Water Data Banks Project, 2004).

METHODOLOGY
Sampling procedure
Sampling procedure took place in cooperation with a specialized team from the laboratories of
The Water Authority of Jordan. Fourteen samples were taken from thirteen sampling sites for
surface and groundwater along the Jordan Valley in 2004, April 814. Surface water samples
were collected from nine locations along King Talal Dam, King Abdullah Canal and The Zarqa
River. Depending on the distance and depth between the riverbank and the adjacent water, two
ways were applied for collecting water. The first was by immersing the prewashed plastic bottle
into the water. The second was by dropping a ropeconnected plastic bottle to the water, and then
filling the prewashed plastic bottles that were used for storage with the obtained water (samples
number 15). The bottles that were dropped for collecting water were used by the laboratories of
The Water Authority of Jordan for the same purpose. In order to minimize the risk of cross
contamination, the bottles were prewashed with clean water and then rinsed with water from the
sample location. Also, in order to get samples as representative as possible, and to minimize the
influence of clay and suspended particles, water was taken at distances ranging from one to
several meters from the riverbank.
Four groundwater samples were taken from three wells. One of the samples was a duplicate (see
Table 2, Figure 5). Samples were taken from a piston connected to an engine used for pumping
water from the well, where the first portions of water were discarded. Another sample was taken
from the outlet of a water treatment plant that treats water coming from these wells to be suitable
for drinking.

35

In order to minimize degradation and/or oxidation of the pesticides, all bottles were filled to the
very top to exclude air. They were sealed and stored in refrigerator during the sampling period.
Except for the transportation period from Jordan to Sweden, they were stored at 4°C until
analysis. The bottles were stored at low temperatures so as to lower the microbial activity, and
hence retard the degradation of pesticides. They were not stored in freezer because if so, they
would have expanded and water would have been lost due to the breaking of the bottles. In order
to avoid that, part of the water should have been emptied. Since the obtained amount of water was
a limiting factor in the analysis, due to difficulties in transportation, the decision was taken in
order to provide the maximum possible amount of water, i.e. ½ liter that permits the identification
and quantification of pesticides above the detection limit. Also, freezing the water does not stop
the activity of pesticides, it only slows the process, and by putting 3/4th water bottles in the
freezer the pesticides might be subjected to degradation and/or oxidation. Therefore, the bottles
were kept full and stored in fridge instead of freezer.
Table 2: Locations from which the water samples were taken and the date of sampling.
Sample no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Code
1016
4008
2010
2008
1012
3005
2006
2402
—
—
—
—
—
—

Name
KAC/ Dahrat ErRamil
Saline Spring/ University Farm
AbuEzzeghan Canal
King Talal Dam/ Hwarat
KAC/ Sawallha Bridge
Zarqa River/ Jarash
King Talal Dam/ Outlet
King Talal Dam/ Inlet
Zarqa River/ Mu’addi
Russeifa Well no. 17
Drinking Treatment plant/ outlet
Well no. 10 before processing
Well no. 10 before processing
Well no. 23/ Awajan

Date of sampling
April 8, 2004
April 8, 2004
April 8, 2004
April 8, 2004
April 8, 2004
April 13, 2004
April 13, 2004
April 13, 2004
April 13, 2004
April 14, 2004
April 14, 2004
April 14, 2004
April 14, 2004
April 14, 2004

X (East)
206,278.05
210,523.97
209,666.28
212,591.06
208,853.33
233,532.03
225,429.63
—
108,646.97
—
—
—
—
—

Y (North)
163,899.42
177,867.98
176,324.47
178,523.19
176,290.45
180,603.98
177,691.95
—
175,488.94
—
—
—
—
—

KAC: King Abdullah Canal
—; not available. Ref; (Water Authority, 2004)
Analytical reflections
The choice of the number and the distribution of the sampling sites was made on the basis of the
amount and number of collected samples. Because the samples were supposed to be transported
between two countries, the limitation was the amount of water that could be transported.
Therefore, the decision was either to get large amounts of water from limited sampling sites or to
minimize the amount of the collected water from each site in order to get more samples. The
decision was to get less volume of water from each site and to get more samples so as to better
reflect the situation in the sampling area. This was also the reason for getting only one duplicate
not more. Of course, the limited number of the analyzed samples does not allow a complete
understanding. However, it was supposed to reflect part of the situation.
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Sample preparation
Although the results obtained from Modde showed that the extraction efficiency was improved by
increasing the ionic strength, the addition of 10% of sodium chloride was particularly chosen in
regard to the original salinity of the water samples. Bataineh et al. (2002) mentioned that the
average salinity of Jordanian municipal water supply is 580 ppm of total dissolved solids (TDS).
Together with the high evaporation potential, lead to high levels of salinity and high organic
loads in the wastewater effluent. Therefore, the decision was made so as to ensure the provision
of the minimum amounts of sodium chloride that were needed to obtain the optimum recoveries
in all samples, since the analyzed samples were different in their origin and salinity.
As was mentioned previously, the samples were stored in plastic bottles for more than a month
before analysis. Of course, the storage in plastic bottles was not preferable due to the possibility
of the adsorption of pesticides to the hydrophobic surfaces. However, since the samples were
indispensable and essential for the present study, the plastic bottles were preferentially chosen
over glass bottles because glass is fragile and is likely to break during transportation. Therefore,
the addition of methanol was essentially needed in order to ensure complete desorption of the
surfaceattached pesticides. Otherwise, would lower the obtained recoveries and result in
underestimation of the present concentrations of pesticides.

Detection limits
Chromatograms obtained from analyzing pesticides spiked in MilliQwater might differ
dramatically from those obtained from analyzing field samples due to the effect of matrix and the
presence of background contaminants. Detection limits obtained from MilliQwater are lower
than those obtained from environmental samples. Therefore, detection limits obtained from
MilliQwater samples can not be applied to environmental samples. Detection limits should be as
representative as possible to the analyzed sample and preferably obtained from the same sample.
The detection limits of lindane and endosulfan I were examined in the chromatograms of the
analyzed samples as well as in fortified MilliQwater (Appendix 9).

Matrix effect
In order to examine the effect of matrix on the extraction efficiency of pesticides, two field
samples, i.e. sample number 13, which was a duplicate of well number 10, and sample number 2,
were fortified with pesticides to a final concentration of 20120 ng/l and analyzed as the other
field samples. It was expected that the extraction yield would be underestimated due to the
competition of the increased number of coextracted compounds from the matrix (Jonsson, 2003),
or the same as in MilliQwater, if no competition from the matrix occurred.

RESULTS AND DISCUSSION FIELD WATER SAMPLES
Pesticides observed in Jordanian water samples
The analysis of organochlorine pesticides in the field samples indicated the presence of trace
amounts of pesticides in all samples (Table 3). However, the analyzed pesticides varied in their
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abundance and distribution among the samples, where aBHC and lindane showed the highest
concentrations obtained, i.e. ca 9 and 4 ng/l, respectively. Endosulfan I showed the highest
abundance among the analyzed pesticides, where it was detected in nine samples. The pesticides
also varied in the number of samples in which they were detected. bBHC, dBHC, endrin, endrin
aldehyde, aldrin, heptachlor, heptachlor epoxide and the diphenyl pesticides, i.e. DDD, DDE and
DDT, were not detected in any of the analyzed samples. aBHC was detected in two, lindane in
five and endosulfan sulfate in eight samples.
The analyzed samples varied in the number of the detected pesticides, where it ranged from one
to five pesticides, depending on the source and type of the sample. One pesticide was detected in
samples number 6 and 11, two in samples number 9 and 14, three in sample number 5, four in
samples number 10 and 12, and five in samples number 3, 4, 7 and 8.
At this stage of discussion, it is important to note that the mass fragments of dieldrin were not
included in the SIM analysis. Therefore, although dieldrin was included in all the procedures of
method development, it was not detected in the final analysis of pesticides using the NCI.
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Table 3: Concentrations of pesticides (ng/l) in samples taken from locations along the Jordan Valley. Samples 2 & 13 were spiked with
1 µl of the standard pesticides mixture (ranging 9.9660.04 ng/l).
Sample number
1
2
3
4
5
6
7
0
49
0
+
0
9
+
aBHC
3
53
+
+
+
0
+
Lindane (gBHC)
0
59
0
0
0
0
0
bBHC
Endosulfan ether
0
+
+
0
0
0
0
0
57
0
0
0
0
0
dBHC
Heptachlor
0
34
0
0
0
0
0
Aldrin
0
38
0
0
0
0
0
Heptachlor epoxide 0
35
0
0
0
0
0
Endosulfan I
0.08 83
+
0.3
0.07
0
0.1
DDE
0
45
0
0
0
0
0
Endrin
0
110
0
0
0
0
0
Endosulfan II
0.04 90
+
0.2
0
0
0.06
DDD
0
211
0
0
0
0
0
Endrin aldehyde
0
327
0
0
0
0
0
Endosulfan sulfate 0.5
290
0.3
1
0.5
0
0.3
DDT
0
54
0
0
0
0
0
Underlined; concentrations were calculated from the qualifier.

8

9

10

4
4
0
0
0
0
0
0
0.1
0
0
0.04
0
0
0.4
0

0
0
0
0
0
0
0
0
0.1
0
0
+
0
0
0
0

0
4
0
0
0
0
0
0
0.05
0
0
0.03
0
0
0.05
0

11
0
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0

12
0
4
0
0
0
0
0
0
0.08
0
0
+
0
0
0.05
0

13
62
67
69
+
75
25
22
37
62
37
99
77
113
296
265
181

14
0
4
0
0
0
0
0
0
0.06
0
0
0
0
0
0
0

+; Below quatification limit. 0; Undetected.
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Qualitative identification
From the qualitative identification of pesticides, it was observed that some contaminants might
coelute with the pesticides and hence, only the part of the peak which was representative for the
pesticide was integrated. This, in turn, resulted in underestimation of the exact area of the peak. It
is worth mentioning that small peaks were affected by fluctuations in the base line level and
coelution of contaminants more than large peaks, which supported the decision of choosing the
highest abundant ions for quantification purposes. The interference of background contamination
to some peaks resulted in deviations of the ratios of the different mass fragments by much more
than 20% of the theoretical value. This confirmed that the occurrence of deviations more than
20% from theoretical values do not necessarily indicate that the studied peak does not represent a
pesticide. If this was the case, and when at least one value of the ratios of mass fragments for
each pesticide matched with the theoretical value by not more than 20%, the most abundant ion in
the matching pair was chosen for quantification purposes.
One might conclude that the highest abundant mass fragment was chosen for quantification
purposes in most of the cases except the ones where the highest abundant mass fragments were
considered as a source of error. Only in that case, the highest abundant qualifier was chosen for
quantification purposes.
Detection limits
The results obtained from examining the detection limit of lindane and endosulfan I indicated that
lindane showed greater fluctuations in the detection limits than those obtained from endosulfan I.
In fact, lindane showed fluctuations of the detection limits among the analyzed field samples,
where it varied from 0.7 ng/l in sample 10 to 11.4 ng/l in sample 6 compared to 0.1 ng/l in
MilliQwater. Unlike lindane, endosulfan I showed less fluctuations of detection limits, it only
varied from 0.003 ng/l in MilliQwater to 0.1 ng/l in sample 13 (Appendix 9). Besides, the
detection limit of endosulfan I was always lower than that for lindane in the same sample. These
phenomena were explained in regard to the chromatograms from which the detection limits were
taken, i.e. chromatograms of the quantification mass fragments 255 and 406, for lindane and
endosulfan I, respectively (Appendices 5 & 6). In fact, lindane showed greater variations of
detection limits than endosulfan I because lower values of m/z gave higher probability of
interference from background contamination.
In order to get detection limits as representative as possible for the individual samples, it was
decided to divide the field samples into three groups on the basis of the detection limits of
lindane. The first group included samples number 15, 8, 11 and 13; the second group included
samples number 6, 7 and 9 and the third group included samples number 10, 12 and 14. One
sample (number 1, 7 and 12) in each group was chosen to be representative for the rest of the
group. In other words, the detection limits were determined from the chosen samples and were
generalized for the whole group (Appendix 10 shows the detection limits of the pesticides in the
three mentioned samples).
In general, the detection limit of pesticides is affected by the type of the analyzed samples where
it increases in case of dirty samples and decreases in case of clean samples. Also, the detection
limit is affected by the applied analytical method. This study is positively characterized over the
other studies by its low detection limits. Therefore, undetected pesticides in other studies were
detected in this study. For example, the detection limits of the study performed by the Water
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Authority of Jordan (2001) were in the range from 0.24 to 0.55 mg/l, which indicated that the
pesticides with concentrations lower than the detection limit were reported as below detection
limit. The same reasoning can be applied on the study performed by AlTalla’a (2000), where the
detection limits were in the range from 0.025 to 0.095 mg/l. However, the detection limits of
pesticides in this study varied from 0.0009 to 15.7 ng/l, which permitted the detection of very low
concentrations of some of the target pesticides, namely endosulfan I, endosulfan II and
endosulfan sulfate.

Matrix effects
The results obtained from examining the effect of matrix on the extraction efficiency of pesticides
indicated an increase in the concentration of the spiked pesticides in the field samples compared
to MilliQwater. The reason for the mentioned phenomenon was not clear, but one explanation
could be that the penetration of the particles in the matrix through the sorbent blocked the finest
pores of the sorbent, and prevented the penetration of the rest of the sample. If the available
active sites were more than sufficient for adsorption purposes, the majority of pesticides would
then, be completely adsorbed solely in the big pores. The elution solvent would easily pass
through the big pores and completely desorb the pesticides. Therefore, the elution might be more
efficient and lead to better recoveries in field samples than those obtained from MilliQwater.
Another explanation could be that the adsorption of the compounds present in the matrix was
partly responsible for changing the nature of the surface of the adsorbent. More precisely, the
hydrophilic character of the adsorbed organic compounds changed the hydrophobic character of
the sorbent to such extent that weakened the adsorption forces of the hydrophobic pesticides.
This, in turn, improved the elution of pesticides from the cartridge and lead to the significant
increase of the recoveries of pesticides in the spiked samples compared to MilliQwater.
The previous explanations were more clarified when comparing both of the spiked samples.
Sample number 2 showed larger areas and hence, higher recoveries for more than half of the
pesticides than sample number 13 (Table 3). In fact, number 2 was a mixture of fresh water
coming from King Abdullah Canal and a mixture of treated wastewater and fresh rainwater
coming from King Talal Dam; hence it contained more particles than sample number 13, which
was a groundwater sample. Therefore, the increased number of particles within sample number 2
could more powerfully block the fine pores within the sorbent and therefore allowed higher
recoveries of pesticides than the well sample according to the explanations given above.

Fate and transport mechanisms
The persistent organochlorine compounds were banned from use in Jordan since 1980, but might
still be used in restricted situations by the Malaria Division in The Ministry of Health to control
mosquitoes that transmit malaria to humans (Alawi et al., 1990; Nasser, 1994). However, the
individual pesticides of the analyzed organochlorines, if were present in the environment, would
show variations in the obtained concentrations in water due to factors, such as chemical stability,
solubility in water, and the season when sampling took place. Generally, the pesticides under
investigation fall into a nonpolar class of contaminants (Magdic & Pawliszyn, 1996) and have
high chemical stability and low solubility in water. Therefore, the concentration of pesticides in
water depends on their water solubility (Appendix 4). Lindane, if were present in the same
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amounts as the other pesticides in the field water samples, would show higher concentrations than
the other BHC pesticides due to its relatively high water solubility where it reaches almost ten
times the solubility of the other BHC pesticides (Appendix 4). However, higher concentrations of
lindane, compared to the other BHC pesticides, might be observed due to its higher usage.
Further, in case of the presence of lindane and the other BHC pesticides in water, lindane has a
relatively large K value; therefore under equilibrium conditions its concentration will be reduced
gradually from the aqueous phase and retained on the stationary phase of the sorbent (Magdic &
Pawliszyn, 1996). By this, the detection of lindane, if available in water, is likely to take place
more than the other BHC pesticides.
The cyclodienes group shows relatively low solubility in water. However, endosulfan I, II and
heptachlor epoxide show higher solubility than the others. Therefore, one might expect that in
case of the presence of the entire cyclodienes group in the same concentration in the environment,
the presence of endosulfan I, II and heptachlor epoxide in water would be higher than the others
due to their solubility.

Detected pesticides
Lindane
The contamination of surface water by lindane might occur as a result of agricultural runoff,
where it might be desorbed from soil particles, and/or from atmospheric deposition. Besides,
lindane adsorbed to soil particles might leach into the groundwater leading to groundwater
contamination. In fact, the high solubility of lindane in comparison to the other organochlorines is
responsible to the high tendency of lindane for remaining in the water column (Sang et al., 1999).
Therefore, lindane has been given a noticeable attention in regard to its environmental fate and
persistency and was banned from The Ministry of Agriculture in Jordan. Sang et al. (1999) noted
that lindane can be removed from water either by biodegradation, which is the most dominant
pathway, and/or by the evaporative loss from surface water. It is worth mentioning that the
degradation halflives of lindane in rivers, lakes, surface and groundwater are 330 days, 30300
days, 151 days, and >300 days, respectively. This, in turn, explains the results that were obtained
in Table 3 for the concentration of lindane, where it indicates that the presence of lindane in
groundwater samples i.e. samples number 10, 12, and 14, is higher than in most surface water
samples, i.e. samples number 3, 4, 5, 6, 7, 9 due to the abovementioned halflives.
The persistency of lindane increases when it reaches the groundwater and the major route for
reaching the groundwater is leaching through the soil. The possible degradation of lindane in soil
and sediments takes place by biotransformation and/or volatilization mechanisms, where the
latter is controlled by factors such as high temperatures and flooding. The estimated halflives of
lindane from soil and plant surfaces at 10°C and 20°C are 2.324.8 and 0.290.73 days,
respectively (Sang et al., 1999). Therefore, one might conclude that in a hot region like the Jordan
Valley, the halflives of lindane in soil would be even shorter. Thus, this will minimize the
leaching of lindane into the groundwater, where it is expected to have relatively long halflives
and constitutes a major source for the contamination of groundwater. It is worth mentioning that
the concentrations of lindane in the analyzed field water samples were found to meet the
requirements of the Jordanian drinking water standard JS 286/ 1997 (Bataineh et al., 2002). Also,
the obtained concentrations were within the guideline level for drinking water that is set by the
World Health Organization (WHO) (Appendix 11).
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Endosulfan compounds
Endosulfan is sold as a mixture of endosulfan I & II, and might breakdown to endosulfan sulfate.
The formation of endosulfan sulfate increases with temperature, and reaches up to 90% of the
initial pesticide in 11 weeks (Endosulfan datasheet, 2004). However, if the parent compounds and
the degradation product are released to the soil, they are expected to adsorb to the soil particles
without leaching into the groundwater. Hence, the advantage is that there will be no
contamination to the groundwater, but the drawbacks are that adsorption of endosulfan to soil
particles will permit the persistence of the compound to a longer period which will be apt to run
offs, and thus constitutes a major source of contamination to the surface water. It is worth
mentioning that the halflife of endosulfan in water and in the majority of fruits and vegetables
ranges from three to seven weeks, but the halflife in sandy loam ranges between 60 and 800 days
(Spectrum Laboratories, 2004). Therefore, the adsorption of endosulfan to soil particles
constitutes a twosided sword, i.e. it protects the groundwater from contamination from one side,
but on the other hand it constitutes a major threat to future contamination of surface water.
Spectrum Laboratories (2004) mentions that if the degradation product, i.e. endosulfan sulfate,
was released to water, it would be adsorbed to the sediment and might bioconcentrate in the
aquatic organisms. The theoretical statements about the possible pathways of endosulfan I, II and
endosulfan sulfate were clarified when examining the concentrations of the threementioned
compounds in the analyses, where Table 3 indicates that the concentrations of the analyzed
endosulfan compounds in groundwater samples, i.e. samples number 10, 12, and 14 were less
than in most of the surface water samples, i.e. samples number 1, 3, 4, 5, 7, 8, and 9.

CONCLUSION
The analysis of field water samples confirmed the presence of trace amounts of some
organochlorine pesticides that were permissible in the Jordanian standards.
Two conclusions were made from the obtained results:
1. The analyzed pesticides varied in their concentrations and abundance. Endosulfan I
showed the highest abundance among the analyzed pesticides and lindane showed the
highest concentration.
2. The analyzed samples showed variations in the presence and concentrations of pesticides
depending on the location and type of site, i.e. surface or groundwater.
The results obtained from examining the effect of matrix on the extraction efficiency of pesticides
indicated an increase in the concentration of the spiked pesticides in the field samples compared
to MilliQwater, most probably due to matrix effects, i.e. presence of other organic compounds in
the water samples that modified the surface onto which the pesticides were adsorbed during the
chemical analysis.
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Appendix 1: Analytical certificate of the pesticide mixture used in the present study.
Analyte

Cas number

Percent
purity

Analytical
concentration
(µg/ml)
9.75

STD.
DEV.
(+/)
0.188

Supelco Lot.
No.

98.2

Weight
concentration
(µg/ml)
9.96

Aldrin

309002

aBHC

319846

99.8

10.02

9.86

0.029

LA38197

bBHC

319857

98.9

10.00

9.75

0.125

LB12550

dBHC

319868

99.6

10.00

9.66

0.101

LB07793

Dieldrin

60571

99.2

20.00

19.59

0.596

LB03040

Endosulfan I (a)

959988

99.9

19.92

19.35

0.505

LA62016

Endosulfan II (b)

33213659

99.9

20.04

19.32

0.848

LA97501

Endosulfan sulphate

1031078

99.9

59.96

58.53

1.844

LA85720

Endrin

72208

98.0

20.08

19.59

0.760

LB05062

Endrin aldehyde

7421934

98.6

59.96

58.38

1.924

LA83873

Heptachlor

76448

99.8

10.02

9.81

0.130

LA93950

Heptachlor epoxide
isomer B

1024573

99.9

10.00

9.80

0.236

LB06644

Lindane (gBHC)

58899

99.9

10.04

9.87

0.063

LA38463

p,p’DDD

72548

98.5

60.04

58.51

1.873

LA83012

p,p’DDE

72559

99.6

19.92

19.55

0.605

LA97765

p,p’DDT

50293

99.9

60.04

60.04

1.870

LA64390

LA99153

Ref; (Supelco 2003, USA)
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Appendix 2: Retention times (tR) and mass fragments (m/z) used for SIM analysis of the pesticides and the
internal standard; In bold; fragments used for quantification; Underlined; qualifiers, but used for quantification
when field samples were evaluated.
Compound
Mass fragments Portions of the
tR (min) Mass fragments m/z Portions of the
(EI)
162, 164, 248, 250,
252
181, 183, 219, 217,
221
219, 181, 183, 217,
221
181, 183, 219, 217,
221
272, 274, 337, 339

fragments
100/ 68/ 63

m/z (NCI)
250, 252, 248

fragments
100/ 65/ 62

100/ 99/ 95/ 74/ 45

255, 257, 253

100/ 62/ 61

100/ 99/ 97/ 77/ 49/

255, 257, 253

100/ 68/ 68

100/ 98/ 88/ 68/ 42

255, 257, 253

100/ 61/ 64

100/ 80/ 27/ 21
100/ 97/ 96/ 75/ 43

100/ 66/ 64/ 44/
41
100/ 64/ 61

Heptachlor epoxide

35.27

212, 282, 284, 339

100/ 81/ 79/ 17

Endosulfane I

37.32

100/ 67/ 30/ 30/ 24

Dieldrin

37.82

DDE

39.33

263, 265, 380, 345,
382
246, 318, 316, 248,
320
235, 237, 165

266, 264, 232,
300
237, 239, 235,
330
237, 235, 239,
381, 388, 280
406, 408, 372,
404, 410

100/ 65/ 53/ 46

32.62

219, 183, 181, 217,
221
263, 265, 261, 293,
329, 331
353, 355, 351, 357

308, 310, 306,
342, 237
255, 257, 253

Endrin

38.98

Endosulfane II

40.99

100/ 72/ 61/ 42/ 37/
26
100/ 82/ 44/ 30/ 8

100/ 71/ 57/ 52/
48
100/ 75/ 51/ 47/
43
100/ 87/ 52/ 40

DDD

41.82

263, 265, 317, 345,
319, 347
237, 241, 339, 341,
406
235, 237, 165, 345

Endrin Aldehyde

41.95

345, 250, 347, 343

100/ 73/ 66/ 64

Endosulfane sulfate

43.36

DDT
Endrin ketone

43.92
45.80

272, 274, 387, 389,
422, 424
235, 237, 165
317, 319, 315, 345

100/ 83/ 58/ 40/ 19/
16
100/ 66/ 34
100/ 65/ 64/ 29

318, 316, 281,
320, 283
237, 346, 348,
344, 380
406, 408, 404,
372
248, 250, 284,
320
380, 382, 272,
270, 378
386, 388, 384,
422, 424
281, 283, 248
310, 346, 308,
380

Pentachlorobenzene

17.20

aBHC

24.06

Lindane (gBHC)

26.29

bBHC

26.69

Endosulfane ether

28.91

dBHC

29.10

Heptachlor

30.58

Aldrin

100/ 66/ 63/ 41/ 9/ 6
100/ 80/ 52/ 34

100/ 64/ 60/ 34
100/ 71/ 61/ 55/
33/ 25
100/ 87/ 56/ 51/
40

100/ 88/ 69/ 64/ 43
100/ 64/ 38

100/ 67/ 38/ 8

100/ 71/ 10/ 1
100/ 86/ 51/ 51/
50
100/ 74/ 62/ 36/
30
100/ 93/ 9
100/ 87/ 77/ 40
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Appendix 3: Equations and correlation coefficients of the calibration curves, and recoveries of pesticides
(MilliQwater).
Compound
aBHC
Lindane (gBHC)
bBHC
dBHC
Heptachlor
Aldrin
Heptachlor epoxide
Endosulfane I
DDE
Endrin
Endosulfane II
DDD
Endrin Aldehyde
Endosulfane sulfate
DDT

Equation
y = 6124.2 x + 0.7479
y = 3190.5 x + 0.6089
y = 11650 x + 1.0453
y = 7020.5 x + 1.4669
y = 2739.8 x + 0.1171
y = 3804.7 x + 2.2018
y = 1402.2 x + 0.4145
y = 605.85 x + 2.125
y = 8834.7 x + 1.9438
y = 1714 x + 2.1118
y = 405.93 x + 2.6137
y = 6419.5 x + 10.273
y = 1520.6 x + 10.462
y = 249.46 x + 10.464
y = 17791 x + 11.535

R2
0.999
1.000
0.999
0.998
0.997
0.991
1.000
0.999
0.999
0.999
0.998
0.997
0.995
0.996
0.995

Recoveries (%)
130
110
110
90
87
67
99
84
95
82
120
105
82
135
99
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Appendix 4: Physical properties of the pesticides.
Compound

Empirical formula

Molecular mass

aBHC
bBHC
Lindane (gBHC)
dBHC
Heptachlor
Aldrin
Heptachlor epoxide
Endosulfane I
Dieldrin
DDE
Endrin
Endosulfane II
DDD
Endrin Aldehyde
Endosulfane sulfate
DDT
Endrin ketone

C6H6Cl6
C6H6Cl6
C6H6Cl6
C6H6Cl6
C10H5Cl7
C12H8Cl6
C10H5Cl7O
C9H6Cl6O3S
C12H8Cl6O
C14H8Cl4
C12H8Cl6O
C9H6Cl6O3S
C14H10Cl4
C11H6Cl6O
C9H6Cl6O4S
C14H9Cl5
C12H8Cl6O

290.8
290.8
290.8
290.8
373.3
364.93
389.3
406.9
380.9
318.1
380.9
406.9
320.1
368.9
422.9
345.5
380.9

Solubility in water
(mg/l)
1.63
0.7
7.310
PIS
0.056
0.010.02
0.35
0.32
0.10.25
n/a
0.23
0.33
n/a
n/a
n/a
0.0010.004
n/a

K values (min)
1 800
900
13 000
600
18 000
10 000
35 000
25 000
25 000
10 000
21 000
10 000
21 000
1 400
400
23 000
2 300

K: the equilibration coefficient (calculated from using a 100µm polydimethylsiloxanecoated fiber, using
neutral conditions).
PIS = practically insoluble in water; n/a = information is not available.
Ref; (Magdic & Pawliszyn, 1996).
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Appendix 5: SIM chromatogram of m/z 255 including the peak of lindane and the background in
sample number 1.

Background

Appendix 6: SIM chromatogram of m/z 406 including the peak of endosulfan I and the background in sample
number 1.

Background
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Appendix 7: Contour plot visualizing the optimum conditions of the two variables, i.e. sodium chloride and
methanol for lindane.

Salinity

Methanol

Recovery

Recovery

Methanol

Salinity
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Appendix 8: Country profile – The Hashemite Kingdom of Jordan
Population: 5,460,265 (July 2003 est.).
Population growth rate: 2.78% (2003 est.).
Climate: mostly arid desert, rainy season in west (November to April).
Terrain: mostly desert plateau in east, highland area in west (World factbook, 2003).
Area
Total: 92,300 sq. Km.
Water: 329 sq. Km.
Land: 91,971 sq. Km (World factbook, 2003).
Land use
Arable land: 2.87%.
Permanent crops: 1.52%.
Other: 95.61% (1998 est.) (World factbook, 2003).
GDPcomposition by sector
Agriculture: 3.7%.
Industry: 26%.
Services: 70.3% (2001 est.) (World factbook, 2003).
The country suffers from high water scarcity; where the average annual amount of water falling over The
Jordanian Territories was estimated by (Salameh, 1996) to be 7,200 MCM, where it increases to 12,000
MCM in the wet years and decreases to 6,000 MCM in dry years. The country is characterized by a high
evaporation potential, where it ranges from about 1,600 mm/yr in the extreme Northwest edge of the country,
to more than 4,000 mm/yr in the Aqaba and Azraq areas (Salameh, 1996).
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Appendix 9: Detection limits (ng/l) of lindane and endosulfan I obtained, respectively, from the 255 and 406
m/z chromatograms in the field samples.
Sample number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
MilliQwater

Lindane
1.7
1.6
4.5
4.6
1.6
11.4
5.7
4.5
10.2
0.7
1.6
0.8
3.2
1.0
0.1

Endosulfan I
0.01
0.06
0.08
0.02
0.04
0.05
0.06
0.07
0.05
0.03
0.03
0.02
0.1
0.07
0.003

Appendix 10: Detection limits (ng/l) of pesticides obtained from the mentioned quantification mass fragments
in three samples representing three groups of field samples.
Pesticide
BHC
Endosulfan ether
Heptachlor
Aldrin
Heptachlor epoxide
Endosulfan I
DDE
Endrin
Endosulfan II
DDD
Endrin aldehyde
Endosulfan sulfate
DDT
Endrin ketone

m/z
255
308
266
237
237
406
281
237
406
248
380
386
281
308

Sample 1
1.7
0.03
9.9
10.6
3.9
0.05
1.5
1.9
0.0009
7.7
0.1
0.01
0.7
0.4

Sample 7
5.7
0.02
11.0
13.4
3.1
0.1
5.5
3.9
0.005
15.7
0.4
0.06
7.9
1.1

Sample 12
0.8
0.01
1.7
1.3
0.5
0.05
1.3
1
0.005
5.4
0.09
0.02
1.2
0.5
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Appendix 11: Guideline levels of pesticides in drinking water set by the WHO.
Pesticide
Aldrin
Dieldrin
BHC
Lindane
Heptachlor
Heptachlor epoxide
DDT

Guideline level (µg/l)
0.03
0.03
0.01
2
0.1
0.1
2

Ref; (WHO, 2004)
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