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ABSTRACT

The study was aimed to examine the residues of pesticide in vegetables and
fruits in Qatar. The total numbers of samples that were collected were 127 samples of
seven most consumed fresh vegetables and fruits from local and import production.
The samples were then extracted using Acceleration Solvent Extractor (ASE) and
cleaned up using two solid phase extraction (SPE): florisil and silica gel. Gas
chromatography with an electron capture detector (GC/ECD) was used to analyze
the ten organochlorine pesticides (OCPs). In addition, scan mode of gas
chromatography with mass spectrometry (GC/MS) was used in to screen the
pesticides residues in these vegetables and fruits. Ninety percent of the imported
samples recorded residues above the MRL with at least one of the selected OCPs and
about 30% of the local samples (mostly leafy vegetables) contained residues above
the MRL. The most frequently detected OCPs in the samples were heptachlor (found
in 75 samples) and was detected mostly in imported samples, g-chlordane (found in
22 samples) and a-chlordane (found in 19 samples). Two statistical analysis tests
were used to determine significance (pair-difference t-test and analysis of variance
(ANOVA)). In most of the comparisons between the washed and unwashed samples,
no-significant differences were observed (P > 0.05). Though, it seems that the effects
of washing the samples with tap water differ in organochlorine residues based on the
type of vegetables and fruits. The interaction between the washing treatment and

countries for heptachlor on parsley showed significant difference. Accordingly, there



is a dire require for controlling program for residues of pesticides in food products,

especially in imported food products.
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LIST OF ABBREVIATIONS

ASE: Accelerated solvent extraction

DDT: dichlorodiphenyltrichloroethane

ECD: Electron-capture detector

EPA: Environmental Protection Agency
GC/ECD: Gas chromatography/ Electron-capture detector
GC/MS: Gas chromatography/ Mass spectrometry
GC: Gas chromatography

LC: Liquid Chromatography

MRL: Maximum Residue Level

MS: Mass spectrometry

OCPs: Organochlorine Pesticides

PCBs: Polychlorinated biphenyls
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1 INTRODUCTION

Fresh fruit and vegetables are significant sources of vitamins and minerals, thus
they are an essential element of a healthy diet .On the other hand, fresh fruit and
vegetables may contain toxic substances such as pesticides. Pesticides are several and
diverse group of chemical compounds, which are applied to crops at various stages of
cultivation and production and post-harvest treatment of agricultural products
(Bakirci et al., 2014). With their environmental stability, ability to bioaccumulate and
toxicity, environment contamination and human health effects have resulted duo to
the increase use of pesticides (IARC, 2015; NTP, 2015 & Bolognesi & Merlo, 2011).

Due to the pesticides vulnerability to insect and disease attacks various types of
pesticides are broadly used in vegetables and fruits. In general, pesticides are
indiscriminately used and in huge amounts (Bempah et al., 2012). There are many
types of pesticides which can be categorized into many classification based on the
pest that they control, chemical composition, mode of action, etc. Based on chemical
composition, they are classified into: organochlorine compounds, organophosphorus

compounds, carbamates, pyrethroids and neonicotinoids (Mao, 2012).

Since the 1940s, organochlorine pesticides (OCPs) have broadly been used
because of their effectiveness in the control of pests and diseases. OCPs were used to
control pest on agricultural crops like cotton (Safiatou et al.2007). OCPs are known

by their lipophilic properties and low water solubility (Bulut et al., 2011).


http://www.sciencedirect.com/science/article/pii/S0039914012003025

Consequently, they can pose environment problems to human health as they easily
accumulate in human adipose tissue. Based on their toxicity, many OCPs are already
banned from use or trade in many countries. Though most of OCPs are no longer in
use in many countries, they are still being found as residues in food products as

means of environmental contamination (Ahmad et al., 2010 & Feink et al., 2011).

To protect consumer health and to guarantee that food is safe, the controlling of
residues of pesticide in food products must be pursued (Yang et al., 2013). Therefore,
the allowed levels of pesticide residues in foodstuffs are legislatively controlled
through setting maximum residue levels (MRLs). These MRLs limit the types and
amount of pesticides that can be legally present in foods, as determined by various
regulatory bodies which minimize consumer exposure to harmful or unnecessary
intake of pesticides worldwide (Kmellara et al.,2010). Codex Alimentarius

Commission (FAO/WHO, 2013) put values for MRL of OCPs in food items.

Recently, the government of Qatar has attempted to encourage agricultural
production. Qatar's agricultural products (such as: vegetables and fruits) are
consumed locally. Despite a noticeable increase in agricultural production in Qatar,
however, this increase does not fulfill the need of residents in Qatar, and Qatar need

to import large amounts of food products from other countries.

According to the Ministry of Environment, regulations and policies on
pesticides have already been established and implemented. One of these policies is

the ban of the use of extremely toxic pesticides and persistent pesticides that affect



animals and human (Qatar National Implementation Plan (NIP) for Stockholm
Convention on Persistent Organic Pollutants (POPs), 2011). OCPs are considered to
be one of the POPs that can persist, bio-accumulate, and cause serious effects on
human health. However, the lack of information on these pesticide residues in the
imported food products has encouraged us to perform this research on determining
the concentrations of OCPs in imported food and to compare the results with our local

products.

The study was aimed to examine the occurrence of organochlorine pesticides
residues in some local and imported vegetables and fruits in Qatar, as a prelude to
assess the risks related to their consumption. In order to achieve this aim, the

following specific objectives were carried out:

1. Determine the amount of 10 organochlorine pesticides (Heptachlor, aldrin,
dieldrin, Endrin, a-chlordane, g-chlordane, endosulfane I, methoxychlor, «-BHC
and 3 —BHC) in seven mostly consumed vegetables and fruits in Qatar using Gas
chromatography-electron capture detector (GC-ECD).

2. Screen the residues of pesticides in these vegetables and fruits using scan mode of
Gas chromatography- mass spectrometry (GC-MS).

3. Perform statistical analyses to data obtained.



2 LITERATURE REVIEW

At various stages of cultivation and during the post-harvest storage of crops
pesticides are applied (Bakirci et al., 2014). The use of pesticides is intended to
prevent the destruction of food crops by controlling agricultural pests or unwanted
plants and to improve plant quality (Bakirci & Hisil, 2012). To guarantee the
worldwide food supply, pesticides use in agriculture is still necessary (Jardim et al.,

2014).

2.1 Classification of Pesticides

2.1.1 Pesticides Classification Based on Type of Pest They Control
Pesticides are often classified according to the type of target organism they

control. Table 1 shows different types of pesticides and their target organism (Singh,

Table 1: Different pesticides and their target organism (Singh, 2012).

Pesticide Target Pest / Function Pesticide Target Pest / Function
Acaricide Mites, ticks Growth regulator Regulates insect and plant growth
Algaecide Algae Herbicide Weeds
Anticoagulant | Rodents Insecticide Insects
Attractant Attracts insects or birds Miticide Mites
Avicide Birds Molluscicide Snails, slugs
Bactericide Bacteria Nematicide Nematodes
Defoliant Plant leaves Piscicide Fish
Desiccant Disrupés water batance In Predacide Vertebrate predators
arthropods
Fungicide Fungi Repellent Repels vertebrates or arthropods
Silvicide Woody vegetation Rodenticide Rodents
P012).




2.1.2 Pesticides Classification Based on Chemical Composition
Another way to classify pesticides is to consider the chemical composition of

pesticides products. The commonly utilized pesticides can be categorized into five

classes, namely (Mao, 2012):

1. Organochlorine compounds: DDT, BHC/HCH, Aldrin, Endosulfan, Heptachlor,
Methoxychlor,Chlordane, Dicofol.

2. Organophosphorus compounds: Parathion, Monocrotophos, Chlorpyrifos,
Quinalphos, Phorate, Diazinon, Fenitrothion,Acephate, Dimethoate, Fenthion,
Isofenfos, Phosphamidon, Temephos, Triazophos.

3. Carbamates: Aldicarb, Oxamyl, Carbaryl, Carbofuran, Carbosulfan, Methomyl,
Methiocarb, Propoxur, Pirimicarb.

4. Pyrethroids: Allethrins, Deltametrin, Resmethrin, Cypermethrin, Permethrin,
Fenvalerate, Pyrethrum.

5. Neonicotinoids: Acetamiprid, Imidacloprid, Nitenpyram, Thiamethoxam.

These types of pesticides played an major role in the increase of agricultural
productivity and quality owing to their effectiveness in preventing, repelling or
mitigating the effects of pests and diseases (Miao, 2013).

An organophosphate is an organic ester of phosphoric or thiophosphoric acid
which is the basis of many insecticides, herbicides and nerve gases. Since these

pesticides are very persistent compounds, they consider to be highly toxic to bees,
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wildlife, and humans according to the Environmental Protection Agency (EPA)
(Bernal, 2012).

Carbamate compounds are compounds that are generally used as insecticides and
they are esters of carbamic acid. These compounds are referred to as N-
methylcarbamates. There are many important benefits of using carbamate pesticides.
Carbamate pesticides can protect and increase agricultural production and protect
human and animal health from insect-vector-mediated diseases. Though, poisoning
from these compounds may occur to humans and animals when they are overexposed
(Gupta, 2014).

Pyrethroids are synthetic insecticides derived from the natural pyrethrins.
Structurally they have 2 or 3 chiral centers. This means that they have 2 or 4
diastereomers and 4 or 8 enantiomers. The use of pyrethroids is extensive around the
world (Corcellas et al., 2015). They are common in agronomics both on crops and
directly over grain before storage, in veterinary on cattle and pets, as domestic
insecticides and even for health purposes against scabies, lice or vectors of some
diseases such as malaria or typhus (Barr et al., 2010).

A new class of insecticides known as Neonicotinoids share a general mode of
action which is affecting the central nervous system of insects, resulting in paralysis
and death. Sass 2014 stated that EPA mentioned that the neonicotinoid pesticides
have uncertainties in identification, since their initial registration regarding the

potential environmental fate and effects can relate to pollinators.



2.1.3 Pesticides Classification Based on Other Chemical Composition

Singh 2012 classified pesticides into seven groups as follows (Singh, 2012):

1.

Organotin  compounds: Triphenyltin acetate, Trivenyltin chloride,
Tricyclohexyltin, hydroxide, Azocyclotin.

Organomercurial compound: Ethyl mercuric chloride, Phenyl mercuric
bromide.

Dithiocarbamate fungicides: Zineb, Maneb, Mancozeb, Ziram.
Benzimidizole compounds: Benomyl, Carbendazim, Thiophanate methyl.
Chlorphenoxy compounds: 2,4-D, TCDD, DCPA, 2,4,5-T, 2,4-DB,
MCPA, MCPP.

Dipyridiliums: Paraquat, Diquat.

Miscellaneous: DNOC, Bromoxyl, Simazine, Triazamate.

2.1.4 Pesticides Classification Based on Organic Structure

According to the organic structure of pesticides compounds, they can be classified
in to three groups (Singh, 2012):

1.

Aliphatic compounds: Methyl bromide, Malathion, Glyphosate, Aldicarb,
EPTC, Maneb.
Aromatic compounds: 2,4-D, Diuron, Carbaryl, Permethrin.

Heterocyclic ring compounds: Nicotine, Captan, Benomyl, Atrazine.



2.1.5 Pesticide Classification based on mode of Action
Pesticides can affect different part in living organisms. They can be classified

according to their mode of action they cause (Brown, 2013):

1. Nerve poisons: Organochlorine and Organophosphorus pesticides and
Carbamates.

2. Anticoagulants: Warfarin.

3. Juvenile hormones: Azadirachtin, Fenoxycarb, Methoprrne, Hydroprene.
Antifeedents: Neem, Citrus derived limonoids and their synthetic
derivatives.

4. Repellents: Permethrin, Neem oil, Citronella oil.

2.1.6 Pesticides Classification Based on Pesticidal Action
Based on pesticidal action, pesticides can be classified in to two main groups

(Singh, 2012):

1. Stomach insecticide: DDT, BHC/HCH, Methoxychlor, Lead arsenate,
Paris green, NaF.

2. Contact insecticide: Chlordane, Aldrin, Nicotine, Parathion.



2.2 Positive and negative impacts of using pesticides

Using of pesticides in agriculture have many profits. These benefits include:
production improvement, crop losses protection and vector disease control (Aktar et
al., 2009). The vyield of crops such as vegetables, corn, maize and cotton improved
and the losses of crops decreased as the application of pesticides including
insecticides, fungicides, herbicides, rodenticides are introduced to protect crops from
pests (Carvalho, 2006). The most effective treatment for vector-borne diseases is to
kill the vectors. Insecticides are the efficient compounds that can kill and control the
insects that can cause serious disease such as malaria, which daily cause death to

about 5000 people (Ross, 2005).

However, the use of pesticides can cause many harm to the environment and
human. Pesticides can be carried by wind or leached by torrential rains causing
contaminations of water bodies and soils (Fenik et al., 2011). Although pesticides
help in controlling insects and weeds, they can be toxic to a many other organisms
such as non-target organisms (Bakirct et al., 2014 & Aktar et al.,, 2009).
Bioaccumulation and biomagnifications of these compounds consider as major
problems associated with using them (Rowe, 2015). Many pesticides are stored in the
body tissue since they are not able to be broken down.. Pesticides can cause direct
threat to human health and life. Accumulation of pesticides in the body may be
carcinogenic, neruotoxic and can disrupt hormonal and enzymatic regulation (Fenik

etal., 2011).



2.3 Pathways and routs of exposure of pesticides in nature

Pesticides can enter the environment via different pathways (Figure 1), such

as transformation and degradation, volatilization, absorption and desorption, runoff to

surface waters, uptake by plants, and transport to groundwater (Rathore & Nollet,

2012).

Figure 1: Transport of pesticides in the environment (Rathore & Nollet, 2012).
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Therefore, pesticides have many routs of exposure Figure 2); they can
circulate in to the air, water, soil, crops and human (Fenik et al., 2011). However, the
major concerns are from consumption of pesticide laden food crops (Boobis et al.,
2008). Pesticides are mainly transported from their source of application to
neighboring crops and land by rain and wind. This transportation may be undesirable

or harmful (Moreno et al., 2006).

Figure 2: The route of exposure of pesticides (including crops) (Fenik et al., 2011).
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2.3.1 Pesticides in crops (Vegetables and Fruits)

Occurrence of residues of pesticide in food is the main consequence of
application of pesticide on crops. More than a thousand compounds may be applied to
agricultural crops to control unwanted pest such as insects and weeds (Ortelli, Edder,
& Corvi, 2006). Many Fruits and vegetables are marketed all over the world and no
information is known about the compounds of pesticides that applied on the
production process (Stan, 2000). Comparing to other food groups, vegetables and

fruits often contain higher levels of residue of pesticide (Chen et al., 2011).

Recently, many researchers from various areas and different residue levels
have reported the presence of different pesticides residues in fruits and vegetables
(Bai, Zhou, &Wang, 2006; Chen et al., 2011; Hjorth et al., 2011; Knez evic" &
Serdar, 2009; Osman, Al-Humaid, Al-Rehiayani, & Al-Redha, 2010; Pico, la Farre,

Soler, & Barcelo, 2007).

Table 2 summarizes the concentration of selected organochlorine pesticides in
selected vegetables from various regions of the world. For the fruits, strawberries and
lemon, no data were reported for the selected organochlorine pesticides. Not all the
selected OCPs were studied in the selected vegetables and fruits. There is a lack of
information for the selected OCPs residues especially for lemon and strawberries.

Only one study reported OCPs residues for parsley and watercress.
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Table 2: Summary of reviewed articles reporting some of the selected organochlorine pesticides within the selected vegetables and fruit.

OCPs Cucumbers Tomatoes
Concentration (mg/kg) | Country Reference Concentration (mg/kg) | Country Reference
<0.1 Indonesia | (Shoiful et al., 2013)
a-BHC
b-BHC <0.1 Indonesia | (Shoiful et al., 2013)
Heptachlor <0.08 Indonesia | (Shoiful etal., 2013) 0.045* + 0.018 Ghana | (Bempah et al., 2011)
Aldrin <0.03 Indonesia | (Shoiful et al., 2013)
<0.04 Indonesia | (Shoiful et al., 2013) 0.004+0.008 Ghana | (Bempah etal., 2012)
Dieldrin 0.010£0.004 Ghana (Bempah et al., 2012) 0.008+0.004 Ghana | (Bempah et al., 2011)
0.022+0.009 KSA (Osman et al., 2010)
Endrin 0.009+0.002 Ghana | (Bempahetal.,, 2011)
a-Chlordane <0.06 Indonesia | (Shoiful et al., 2013)
g-Chlordane <0.03 Indonesia | (Shoiful et al., 2013)
0.04-0.11 Turkey | (Bakirci etal., 2014)
Endosulfane I -
0.15 KSA (Salimet al., 2011)
Methoxychlor 0.020*+0.002 Ghana | (Bempah etal., 2012) 0.004+0.002 Ghana | (Bempah etal., 2012)

! Concentration + standard deviation

2 Concentration Rang
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Conti. Table2

Potatoes Parsley Watercress

Concentration Concentration Concentration

mgkg) Country Beference mgkg) Country Beference (mglkg) Country Beference

=0.100 Indonesia | (Sheiful et al, 2013) - - - - - -
0.0140£0.006 Ezvpt (Soliman, 2001y - - - - - -

=0.100 Indonesia | (Sheiful et al, 2013) - - — — — -

=0.080 Indonesia | (Shoiful et al, 2013) - - - - - -

=0.030 Indonesia | (Sheiful etal, 2013) - - - — - -

=0.040 Indonesia | (Sheiful etal, 2013) - - - — - -

<0.060 Indonesia | (Sheiful et al, 2013) - - — — — -

=0.030 Indonesia | (Shoiful et al, 2013) — — - - - -

- -- - 0.020 KSA [Salim et al, 2011) 0.014 ESA (Salim et al, 2011)
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2.3.1.1 Maximum Residue Level (MRL)

Maximum Residue Level (MRL) for residues of pesticide is defined as the
maximum concentration of residue (mg/kg) that is permitted by law in specific
foodstuff (Al-Saeid & Selim, 2013). To protect consumer health and to guarantee that
food is safe, the monitoring of residues of pesticide in foodstuffs must be pursued.
Therefore, the allowed levels of pesticide residues in foodstuffs are legislatively
controlled through setting maximum residue levels (MRLs). These MRLs limit the
types and amount of pesticides that can be legally present in foods, as determined by
various regulatory bodies which aim at minimizing consumer exposure to harmful or
unnecessary consumption of pesticides in the world.

In addition, MRLs help ensure adequate use of pesticides through
authorization and registration and allow free movement of the products treated with

pesticides (Kmellara et al.,2010; Knez evic” & Serdar, 2009). Table 3 shows the

MRLs of the selected pesticides in the selected vegetables and fruits (FAO/WHO,

2013).
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Table 3: Maximum Residue Level (MRL) of the selected vegetables and fruit, According to Codex Alimentarius Commission (FAOQOMNWHO, 2013).

Selected Maximum Residue Levell pg/kg

vegetables

and fruit zBHC | bEHC Heptachlor | Aldrin | Dieldrin | Endrin z-Chlordzne g-Chlordzme Endesulfane I Methexychlor
Cucumbers 10 10 10 20 20 10 10 10 50 10
Tomatoes 10 10 10 10 10 10 10 10 500 10
Potatoes 10 10 10 10 10 10 10 10 50 10
Parsley 10 10 10 50 50 10 10 10 50 10
Watercress 10 10 10 50 50 10 10 10 50 10
Strawberries 10 10 10 10 10 10 10 10 50 10
lemon 10 10 10 30 30 10 10 10 500 10




2.4  Organochlorine Pesticides (OCPs)

Organochlorine pesticides (also known as chlorinated hydrocarbons where one
or many hydrogen atoms replaced by the chlorine) are primarily insecticides with
relatively low mammalian toxicity, fat soluble and normally persistent in the
environment. Many chlorinated hydrocarbons have the ability to accumulate inside

the body due to their lipophilic nature (Singh, 2012). Their main characteristics are:

1. Occurrence of carbon atoms, chlorine atoms, hydrogen atoms and oxygen
atoms sometimes exist. Number and position of ClI in molecule decides the
toxicity.

2. Presence of cyclic carbon chains including benzene ring.

3. Lack of any particular active intra-molecular sites.

4. They are nonpolar and lipophilic in nature and have a affinity to
concentrate in the lipid rich tissues, thereby causing its bio-concentration,
and biomagnifications at different trophic level in the food chain.

5. Chemically unreative, therefore highly persistent in the environment,

resistant to microbial degradation.

Organochlorine group chemicals were first used as pesticides in the 1940s.
Organochlorine compounds were used widely from 1945 to 1965 in different
application including agriculture and in protection of the buildings timber and
humans from a wide range of insect pests. After awareness that these compounds are

highly persistent, legal action has been taken to phase out this class of insecticides
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(Singh, 2012). It includes DDT, Lindane, Endosulfan, Aldrin, Dieldrin, Chlordane,

Heptachlor and Endrin (Figure 3).

Figure 3: Structure of different organochlorine pesticides (Singh, 2012).
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Cont. Figure 3
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Cont. Figure 3
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2.5 Toxicity of Pesticides

Pesticides are characterized by various degrees of toxicity to non-target
species, including human beings, thus they are a diverse category of biologically
active compounds. The majority of the currently used pesticides are acutely toxic to
humans. Neurological effects, reproductive or development problems, and cancer
may be consequences of pesticide exposure also can cause chronic health effects such
as (Bolognesi & Merlo, 2011).

Table 4 shows the most currently applied classes of synthetic pesticides.
Pesticides on target species have many primary effects which are: sodium channel
interference or neurotransmitter receptors interaction which lead to neurotoxicity,
disruption of energy metabolism leading to paralysis, or blocking chitin synthesis
causing growth inhibition (Bolognesi & Merlo, 2011). Since the mechanism of action
for organophosphates and carbamates is same, serious additive toxicity can be created

(Bolognesi & Merlo, 2011).

2.5.1 Acute toxicity

The serious and the less perilous manifestations of every pesticide are
recognized by the WHO. The lethality of the specialized substance and its details are
taken into account in the pesticides framework. Since the acute oral and dermal
toxicity are typical procedures in toxicology, the acute oral and dermal toxicity to the

rat are taken into account in the classification (WHO, 2006).
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Table 4: Mode of action of some pesticides (Bolognesi & Merlo, 2011).

Chemical group Active ingredients Mode of action
DDT Opening sodium channels within the
axons of the neuron: continual nerve
impulse transmission
Organochlorines , —— . . . .
Chlordane, mirex, heptachlor, aldrin, dieldrin, endosulfan Interaction with the y-aminobutyric
acid (GABA)-receptor chloride
channel
Malathion, trichlorfon, monocrotophos, dimethoate, Irreversible inhibition of
Organophosphates | oxvdemetonmethyl, dicrotophos. disulfoton. dichlorvos, mevinphos. cholinesterase enzyme (ChE) by
methamidophos, acephate phosphorylation
Carbarvl, methomyl, carbofuran, aldicarb, oxamvl, thiodicarb, Reversible inhibition ChE by
Carbamates methiocarb. propoxur, bendiocarb. carbosulfan aldoxycarb. promecarb. | carbamylation
fenoxycarb, primicarb, indoxacarb alanvcarb furathiocarb
Allethrin, tetramethrin, resmethrin bioresmethrin phonothrin, Disruptors of voltage-sensitive sodium
Purethroids fem-’alerlate pennethrirll: bifenthrin, la.mbda—cyhalotl}ﬁn: cypemllethrin channels (VS5Cs)
/ cvfluthrin, deltamethrin, esfenvalerate, fenpropathrin, flucythrinate,
fluvalinate, prallethrin tefluthrin tralomethrin zeta-cvpermethrin
Nicotinoids Imidacloprid, acetamiprid, thiamethoxam, nitenpvram, clothianidin, Irreversible blockage of postsynaptic
dinotefuran. thiacloprid nicotinergic acetvlcholine receptors
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Most of the classifications are derived from the acute oral lethal dose (LDso)
(Table 5). Since handling pesticides has the highest dermal exposure, dermal toxicity

must always be considered.

Table 5: Classification of pesticides by hazard (WHO, 2006).

LD50 for the rat (m
Class Oral Dermal
Solid Liquid Solid Liquid
Ia Extremely hazardous 3 orless 20 orless 10 or less 400 or less
Ih Highly hazardous 3-30 20-200 10-100 40-400
I Moderately hazardous | 30-300 200-2000 | 100-1000 | 400-4000
I Slightly hazardous Orver 500 | Ower 2000 | Ower 1000 | Ower 4000

Studies in developing countries have shown rates of annual frequency of
severe pesticide poisoning in rural workers to be up 18.2 per 100 thousands full-time
workers and 7.4 per million school children (Bolognesi & Merlo, 2011). The
occurrences found to be higher because of the utilization of banned pesticides in
developed countries, the inadequate regulation, the absence of preparing and
observation frameworks, and poor individual defensive gear in developing countries.
The majority of cases regarding pesticide poison caused from carbamate or
organophosphate. Inhibition of nervous system enzyme (acetyl cholinesterase) may
occur from these two compounds. (Ecobichon, 2001).

The principle target of OCPs is the nervous system, in which a hyperexcitable

state developed. Serious inebriation by these mixes causes myoclonic jolting
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developments, and after that summed up tonic-clonic shakings took after by trance

state and respiratory depression (Bolognesi & Merlo, 2011).

2.5.2 Chronic Toxicity:

Neurological effects

Discoveries from numerous epidemiological studies come with agreement
with the theory that pesticide introduction may predispose the Parkinson's malady
(Ritz et al, 2009). The Parkinson disease is the main common neurodegenerative
movement disorders, which affects one percent of the population over 65 years. The
main symptoms of this disease are akinesia, tremor, rigidity, and postural instability.
Experimental studies point out the possibility that toxic environmental compounds,
such as pesticides, may cause pathogenesis of Parkinson's disease through the

inhibition of the mitochondrial function (Ritz et al, 2009).

Pesticide presentation worsen Parkinson's malady hazard demonstrated by the
epidemiological studies which examin the danger of Parkinson. A deliberate audit of
the accessible confirmation from studies directed in the United States shows that the
danger of Parkinson's disease in subjects ever presented to pesticides is more than
twofold contrasted with control subjects. (Bolognesi & Merlo, 2011).
Organochlorines, organophosphorus, chlorophenoxy esters, and botanicals have been
recognized as particular classes of pesticides representing that may possibly cause the

Parkinson disease development. Notwithstanding the epidemiological studies and
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experimental proofs, Parkinson's disease caused from pesticide still hard to presume

(Benjamin et al, 2001).

Carcinogenicity

Pesticides are presently ordered by universal organizations and boards (for
example: International Agency for Research on Cancer (IARC)) according to their
possible properties for cancer-causing on the premise of the accessible proof from
human and examining studies (IARC, 2015). Human studies are very complicated
and hard to discovered, even though there is agreement that the strongest proof for
making a causal connection between exposure to an operator and disease event in
people originates from epidemiological studies. An operator can be sensibly
recognized as a potential human cancer-causing agent by method for creature
bioassays (Bolognesi & Merlo, 2011).

The US NTP has grouped various dynamic fixings in pesticides as 'sensibly
expected to be a human cancer-causing agent' and the IARC and the US EPA, taking
after deliberate and thorough audits of the human and exploratory studies, have
inferred that some compound mixes utilized as a part of pesticides (insect poisons,
fungicides, herbicides, and other comparative mixes) are known, likely or

conceivable cancer-causing agents (NTP, 2015).

25


http://www.bcmj.org/author/benjamin-cl-lai-md-msc

Genotoxicity

Genotoxic potential is an essential danger component for long term exposure
impacts, for example, cancer-causing and conceptive toxicology (Padula et al, 2012).
Genotoxic mixes are compounds that demonstrate by immediate or roundabout DNA
harm or by a clastogenic occasion. The lion's share of pesticides have been tried in a
wide assortment of mutagenicity examines that cover quality changes, chromosomal
adjustments, and DNA harm. Test information uncovered that different agrochemical
dynamic substances have mutagenic properties prompting diverse hereditary
endpoints (Bolognesi & Merlo, 2011). Notwithstanding some harshness in the
consequences of fleeting tests, comparative profiles of genotoxic movement produced
from pesticides with comparable synthetic structure. The genotoxic capability of
agrochemical fixings give a frail reaction in a couple genotoxicity tests (Bolognesi &
Morasso, 2000).

Word related presentation to pesticides mixtures has been connected with an
increment in genotoxic harm in various studies. The effect of dose increment of
cytogenetic harm was likewise uncovered in some biomonitoring studies identified
with the degree of introduction as amount of pesticides utilized the expansion of
territory of pesticide application and lacking working conditions. The confirmation of
a hereditary peril identified with presentation coming about because of the serious
utilization of pesticides anxieties the requirements for instructive projects for ranchers
to decrease the utilization of chemicals in agribusiness and to actualize insurance

measure (Benjamin et al, 2001).
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The current exploratory proof recommends an irrelevant danger for the overall
public presented to low levels of pesticide buildups. Notwithstanding, various open
inquiries stay at present on genotoxic danger of pesticides for purchasers, for
example, the wellbeing risk for rehashed ingestions of pesticide deposits and the
potential genotoxic harm from concurrent introduction of a few dynamic mixes

(Bolognesi & Merlo, 2011).

Reproductive Toxicity

Introduction to pesticides may represent a danger to human propagation (Padula
et al, 2012). Working with or applying pesticides fitting in with diverse synthetic
classes, for example, organochlorines and organophosphates, which are utilized
essentially as a part of rural settings, seems to reliably diminish richness and
fecundability. Epidemiological proof proposes that abnormal state of introduction to
DDT or DDE is connected with unfriendly fetal development and preterm
conveyance. Word related presentation to dibromochloropropane influences male
conceptive capacity delivering azospermia and oligospermia, germinal epithelium
harm, hereditary adjustment in sperm, (for example, twofold Y-bodies), expanded
rates of unconstrained premature births in wives of uncovered laborers, hormonal
lopsided characteristics, and adjusted sex proportion in posterity (Padula et al, 2012).
The constraint of the absence of a standard accepted measure of presentation are

applied to all these studies have. The trial confirmation from creature studies is

27



restricted and can't help in affirming the human information (Bolognesi & Merlo,

2011).

Although a few pesticides cause conceptive or formative poisonous quality at
high dosages in creature models, unfriendly wellbeing impacts in people presented to
natural levels are hard to survey. Just a couple of pesticides such as DDT, herbicides,
pentachlorophenol, dibromochloropropane, parathion, chlorophenoxyacetic, atrazine,
parathion, and oxydemeton-methil, are referred to actuate formative deserts, for
example, orofacial clefts, hypospadias, complete odd venous return, spina bifida, and
appendage decrease in occupationally uncovered populaces. Studies concentrating on
particular conception imperfections reported relationship between rural work and
innate contortions including a marginally expanded danger for focal sensory system
deformities. Watchful evaluation of introduction to particular pesticides in the further
studies is expected to connection this impact to particular mixes or classes of

pesticides (Bolognesi & Merlo, 2011).
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2.5.3 Toxicity of the selected Organochlorine Pesticides

Heptachlor firmly associated just with dimyristoylphosphatidylcholine
DMPC, which is a kind of phospholipid situated in the outside moiety of the human
erythrocyte layer (Suwalsky et al, 1997). Extra examinations performed on frog
thoughtful neural connections demonstrated a huge abatement in the potential contrast
and short out current reactions after use of heptachlor. These outcomes have been
deciphered as a hindrance of the dynamic transport of particles affected by the
pesticide (Quevedo et al, 1997). It can be concluded, therefore, that toxic effects of
heptachlor are related to its perturbation of the structure of phospholipid bilayer,
which is important for cell membrane functions. Endosulfan, aldrin and dieldrin
showed to act as antagonists of androgen receptors based on in vitro assay (Andersen
et al., 2002; Li et al., 2008 & Nativelle-Serpentini et al., 2003). They were examined
to repress the aromatase protein (CYP19) and also repress the rate-restricting
chemical of estrogen and rostenedione. Like different organochlorines, endosulfan
and dieldrin adjust the estradiol digestion system by impelling CYP1 compounds
(Badawi et al., 2000; Bradlow et al., 1995). Concentration of (5M) dieldrin and (1 M)
endosulfan showed significant enhancement on the cell proliferation and ER
transactivation gene response in MCF-7 cells as examined by vitro assay (Andersen et
al., 2002). Endosulfan brought on adjustments in testicular capacities at high

measurements.
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Methoxychlor has been indicated to prompt testicular apoptosis in rats taking
after oral presentation to single measurements of 50 mg/kg b.wt (\Vaithinathan et al.,
2010). However, if the dosages contrasted with those commonplaces of word related
and ecological exposures, the dosages tried are unrealistically high.

The a-isomer of BHC among 8 isomers, has been ordered as a non-genotoxic
cancer-causing agent on the grounds that it impels hepatocellular carcinomas in
rodents with high measurement long haul organization yet needs mutagenicity in the
Ames test (Nagasaki, 1975). Worry about the conceivable antagonistic wellbeing
impacts of long haul introduction to this compound in people has prompted it being
banned or confined in industrialized nations. Despite the fact that it has been named a
non-genotoxic cancer-causing agent, a few examinations showed that high amassing
of a-BHC displayed restraining impact on liver tumor development impelled by some
known cancer-causing agents in rat (Angsubhakorn et al, 1981) and (Thamauvit et al,

1975). These results are raise concerns as to how o« -BHC plays a role in

hepatocarcinogenesis (Puatanachokchai, 2006).

Shi et al. (2011) demonstrated that more than 30 pM fixations of p-BHC
prompted the apoptotic cell in Sertoli cells of rodent connected with FasL levels
expanded articulation which could prompt the Fas initiation. Impel of apoptosis may
occur duo to these two qualities. B-BHC has been demonstrated to incite actuation of
caspase-3, which cause initiation of cell apoptosis (Khan et al., 2000) and caspase-8,

which believed to be part in transduction of death signal (Said et al., 2004).
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Effects on the central nervous system which cause muscle contractions and
hyperexcitability, and in severe cases death may be consequences of endrin ingestion
(Curley et al. 1970 & Runhaar et al. 1985). Exposure of animals to endrin causes
central nervous system effects, particularly convulsions (Deichmann et al. 1970 &
Quick et al. 1989). In animals exposed to lethal doses of endrin, unspecific
degeneration of the liver, kidney, and brain has been observed (Treon et al. 1955).

Massive doses of chlordane (350 mg/kg) administered intraperif (intraperit to
laboratory rats produced progressive behavioral manifestations of poisoning: early
perceptual intolerance with increased respiratory involvement; reflex muscular
activity leading to ataxia; and, finally tonic paralysis and death (Hyde & Falkenbegr,
1976). Chlordane probably causes cancer and can cause liver cancer, behavioral
disorders in children, problems in the endocrine system, nervous system, digestive

system, and liver (EPA, 2011).
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2.6 Pesticides use in the Arab countries

There is a lack of and a gap in the provision of recent data on the use of
pesticides in Arab countries. Fewer than half the Economic and Social Commission
for Western Asia member countries provided data for year 2000, and only two
countries provided such data for year 2001 (Table 6). Syria and Yemen were the

countries that showed the highest consumption of insecticides in year 2000.

Table 6: Total insecticides consumption in tons per year (Bashour, 2009).

Country 2000 2001
Bahrain 7 o)
Iraq 190
Jordan 61
Oman 21
Qatar 60
Syria 1,219 994
Yemen 933

The data in Figure 4 shows that the rates of pesticides usage per hectare in 13
Arab countries in 2002. Lebanon, Kuwait and Qatar showed the highest consumption
per hectare of pesticides among these countries. They are 2 to 3 times the rates used

in Egypt, Jordan and Oman (Bashour, 2009).
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Figure 4: Amount of pesticides used in kg/ha in selected Arab countries (Bashour, 2009).

Kg of pesficides per hectare

S = MW s W oD
|

Lebanon
Kuwait
Quatar
Eaypt
Jordan
Bahrain
Oman
Yemen
Saudi Arabia
Syria
Algeria
Tunisia
Irag

The Knoema Resource Statistics for Saudi Arabia (Figure 5) showed the annual
pesticides consumption in tones in the years 2007, 2012 and 2013 according to the
Food and Agriculture Organization. The rate of consumption of insecticides,

fungicides and bactericides has been increased. No recent data is available for the use

b consumption of pesticides in Qatar.

Figure 5: Pesticides consumption in Saudi Arabia (Knoema Resource Statistics, FAO, 2013)
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2.7 Techniques used to analyze the residues of pesticides in food products

Since pesticides have wide ranging chemistries within the contaminants, the
analysis poses a number of challenges for laboratories and operators. Many
techniques including: Gas chromatography-mass spectrometry (GC-MS), Gas
chromatography-electron capture detector (GC-ECD), Gas chromatography/ flame
photometric detector (GC/FPD), Liquid chromatography—mass spectrometry (LC-
MS) and High-performance liquid chromatography (HPLC) were used to analyze the
residues of pesticides in many products such as: water, milk, fish, chicken, egg, meat,
fruit and vegetables (Essumang et al., 2009; Ahmad, 2010; Jardim, 2014; Hjorth et

al., 2011; Ortelli, Edder, & Corvi, 2006; Knez evic” & Serdar, 2009).

Chromatography is a set of laboratory techniques for the separation of mixtures
(USDA, 2012). Gas chromatography (GC) is definitely one of the main techniques
used for detection, identification and quantification of many groups of non-polar or
semi-polar substances. GC has high separation power in combination with a wide
range of detectors, thus it is a unique tool in the analysis of ultra trace levels of toxic

compounds that may occur in foods and feeds since (Hajslova, 2007).

GC with electron capture detector (ECD) is wused to analyze
halogenated compounds and is primarily used in the environmental, forensic and
pharmaceutical markets. Within an ECD, when certain molecules pass by the
detector, they capture some of the electrons in the sample and this reduces the current

measured. The compensation for this reduction is recorded as a positive peak. The
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flame photometric detector (FPD) enables accurate and sensitive detections of volatile
sulfur and phosphorus compounds. The principle of detection is done in a reducing
flame by formation of excited sulfur and excited hydrogen phosphorous oxide
species. The characteristic chemiluminescent emission from these species measured
by a photomultiplier tube. Identification and quantification of a wide range of organic
compounds are done by GC/MS. GC/MS separates the complex sample matrices
into their component parts by utilizing a compound's intrinsic affinity for a stationary
phase. Identification of compounds by their mass spectra is carried out by using mass
Spectrometry Detection. The identification is done by comparing the obtained mass

spectra (each compound has a single mass spectrum) with a mass spectral database.

Unlike gas chromatography, Liquid chromatography (LC) can be removed
securely a very wide range of organic compounds from small drug metabolites
molecules to peptides and proteins. An LC/MS is an HPLC system with a Mass
Spectrometry Detector. The Mass Spectrometry Detector (MS) coupled with an LC
scans the molecules and produces a full spectrum of high resolution, separating all

ions having different masses.

Multi-residue methods based on LC/MS are increasing by being used in this
field, however, GS/MS methods still play a significant role in analyzing residues and
in some cases it becomes the only method of choice. Table 7 summarizes the

techniques that were used to find out the pesticides residues in fruits and vegetables.
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Table 7: Techniques for determination of pesticides residues in fruit and vegetables

Sample Technique

Reference

Apples, Aragula, Apricot, Aubergine, Banana,
Bean, Camot, Cabbage, Cherry, Cauliflower, Grape,
Cucumber, Kiwifnts, Leek, Lemon, Lettuce, GC-ECD and
Orange, Mushroom, Peaches, Onion, Pear, Pepper. GC-MMS
Phum, Potato, Pomegranate, Purslane, Strawbenry,
Tomato, Tangenne

Bakirci ef i, 2014

Apple, Grape, Broccoli, Leafmustard, Cabbage,

Lettuce, Capsicum, Orange, Cauliflower, Pakchoi
cabbage, Peach, Chinese cabbage, Pear, Cucumber, GC-ECD
Radish, Eggplant, Spinach, Legumes, Tomato

Chenetal, 2011

Fruits and vegetables GC-MS

Enez evic’ & Serdar,
2009

Chernry, Apricot Peach Grape Pepper Tomato

Spinach C Cucumber UPLC/MMSMS | Baldreid Hisil, 2011
GC-ECD,
Cashewapple, guava, kakiandpeach GC-FPD and Jardim, 2014
LC-MS/MS!
Fatvegetable matriceslike avocado LP_Gr.:qSETEM 5= Moreno ef al, 2006

ITiquid Chromatography- Tandem Mass Spectrometry
Low-Pressure Gas Chromatography—Tandem Mass Spectrometry
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3 METHODOLOGY
3.1 Materials

3.1.1 Chemicals and reagents

Organic solvents to dissolve and extract samples were acetone and hexane
purchased from Sigma-Aldrich (USA). Standard solutions were prepared from the
stock solution (100ppm) that were prepared from Pesticide Mix Standard (Z-014C-R,
ImL, 2mg/mL in Toluene: Hexane 1:1, 20 compounds) diluted in Hexane.
Decachlorobiphenyl (M-8082-1SC-WL-10mL, 5ug/mL in Hexane) was used as
surrogate standard. The Pesticide Mix Standard and Decachlorobiphenyl were
purchased from AccuStandard (USA). All standard solutions were stored in
refrigerator at 4°C. Anhydrous sodium sulfate was obtained from Fluka (Sigma-
Aldrich (USA)). Dionex ASE Prep DE (Diatomacceous earth) was used in the

extraction procedure.

3.1.2 Glassware and general instruments

An Accelerated Solvent Extractor (Dionex ASE 200 and ASE 350), solvent
evaporator (Dionex SE 500), AS 220.R2 analytical balance, and Stuart- orbital shaker
were used. Additionally, a mortar, pestle, extraction cells, cellulose filter disks,
collection vials (60ml), caps, test tubes, pipettes and spatulas were used in the

extraction protocol. Moreover, gloves, funnels, volumetric flasks, beakers, and GC
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vials were used. GC7890A/MS 5973 and GC6890N/ECD (Agilent, Santa Clara,

USA) were used for the quantification analyses.

3.2 Preparation of standard solutions

100ppm stock standard solution was prepared by adding 1mL of Pesticide Mix
Standard (Z-014C-R, 1mL, 2mg/mL in Toluene: Hexane 1:1, 20 compounds) in to
20mL volumetric flask and add Hexane up to the mark. Calibration standard solutions
were prepared from the 100ppm stock solution with a range between 5ppb to 1000
ppb. Figure 6 shows the preparation of standards in the ESC lab at Qatar University.
The chromatogram of the prepared standard solution for 10 selected OCPs

(Heptachlor, aldrin, dieldrin, Endrin, a-chlordane, g-chlordane, endosulfane I,

methoxychlor, « -BHC and p —BHC) is shown in (Figure 7).

Figure 6: Preparation of standard solutions
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Figure 7: Chromatograph of 100ppb of the 10 selected OCPs by GC/ECD.
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3.3 Samples collection

Various samples of vegetables and fruit from local and imported sources were
sourced from different locations in Qatar. The local samples were collected from Al-
Mazrouah hall located in Umm Salal Ali where they sell fresh domestic vegetables
and fruits from the 34 of the most prominent local farms (Figure 8). Meanwhile, the
imported samples had been collected from the local markets: Marketl, Market2 and
Market3. The samples of leafy vegetables (parsley and watercress), vegetables
(cucumber, tomatoes and potatoes), and fruits (lemons and strawberries) of each crop

had two samples (domestic and imported).

Figure 8: Al-Mazrouah Hall, Umm Salal Ali area.

A total samples consist of 127 samples of seven vegetables and fruits were
examined including two groups: local and imported, and two sub groups: washed and

unwashed samples. The samples taken included: 26 samples of fruits and 101 samples
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of vegetables. Samples were extracted within 24 hours and stored at 4°C until the

analysis.

The simple random sampling and stratified random sampling were used as

sampling procedures for collecting the vegetables and fruits. For all vegetables and

fruits except strawberries, simple random sampling was used. For strawberries

sampling, the stratified random sampling procedure was used. The overall of

sampling collection

is shown in Figure 9 .

Figure 9: Overall of s

ampling collection.
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3.4 Samples preparation and extraction

Over the past 30 years, various methods have been published that are linked to
particular analytical techniques for determining OCPs in food and environmental
matrices. On the other hand, many books that summarize methods are available. For
example, EPA methods for determination of OCPs in sediment and biological
samples are outlined by Keith (Keith, 1996). Methods for separating, isolating and
recovering of OCPs from sediment, soils and biological samples were reviewed and
recommended by Wells and Hess (Wells & Hess, 2000). Overview of modern
analytical methodology for OCP and PCBs were provided by De Boer and Law

(Boer & Law, 2003).

The EPA Method 8081A (Appendix 2) was chosen as a reference method for the
preparation and extraction method with some modification. Additionally, the Dionex
Application Note 332 “Accelerated solvent extraction of pesticide residues in food
products”, 2012, was used as extraction method for vegetables and fruits (Appendix
3). The fresh fruits and vegetables samples were collected from farms and market a
day before extraction. Each sample was divided in to two groups: washed sample

with water and unwashed sample. No sample digestion is needed prior to extraction.

Samples were extracted using Dionex - Accelerated Solvent Extractor (ASE 200

and ASE 350). The extraction conditions are shown in Table 8.
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Table 8: Extraction Conditions (Dionex Application Note 332, 2012).

Temperature: 100 =C

Pressure: 1500 psi*

Heatup Time: 5 min

Static Time: 5 min

Flush Volurme: B0%

Purge Time:; 1005

Static Cycles: 1-2

Total Extraction Tima: 1418 min par sample
Total Solvent Used: 15—45 mL par sample

*Pressure studies show that 1500 psi is the optimum extraction pressure for all
accelerated solvent exiraction applications.
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3.4.1 Extraction procedure

The washed samples were washed under tap water for 2 min and dried by tissue

before weighing. Figure 10 shows the extraction procedure that was carried out.

Figure 10: Extraction Procedure

Weighing 10 g of sample Grinding using mortar and pestle

Mix with 6 g diatomaceous earth

Rinse the mortar and pestle with
2-3 mL of the extraction solvent

Add this volume to the sample
in the extraction cell

Put the cells in the ASE
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3.5 Samples Clean-up

A clean-up procedure is usually carried out to remove co-extracted compounds
that may cause interference in the chromatographic determination or be detrimental to
the analytical instrumentation. Following extraction, 5 g of anhydrous sodium sulfate
were added to the collection vial to adsorb co-extracted water. The vial was shaken
for 15 s and the water-free extract was decanted into a clean vial (Figure 11)

(Appendix 3).

Figure 11: Post extraction step

Adding 5g anhydrous sodium Sacking for 15 seconds Transfer the organic phase into
sulfate to each extracted sample new vial. Discard the aqueous phase.

L e @ mm
" - -~ ' - -

Two solid phase extraction techniques were used (Florisil and Silica Gel). The
EPA method 3620C- Florisil Cleanup and Method 3630C- Silica Gel Cleanup were
used as reference methods for cleaning the samples (Appendix 4 & Appendix 5). All
samples were cleaned up using 2g Florisil Clean-Prep Cartridge. However, some
interferants that are not removed by Florisil Cartridge would be removed by a second
cleanup technique which was Silica Gel cleanup. Figure 12 shows the Florisil

Cleanup procedure.
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Figure 12: Cleanup procedure

Concentrate the extracted into 10 ml using
N, evaporator.

b
.

Elute the column with 9 ml of extraction
solvent. Collect the elute.

Add 4 ml of hexane to the Florisil cartridge.
Make sure that it doesn’t dry and close the
stoncock. Discard the elute.

A4

Add 1mL of concentrated extract. Elute the
extract. Make sure that it doesn’t dry and
close the stopcock.

If sample doesn’t cleaned using Florisil |

Final evaporate to 1 ml
using N, evaporator

Silica Gel cleanup |

Final evaporate to 1 ml
using N, evaporator
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3.6 Quality Control and Quality Assurance Measures (QC/QA)

The Limit of detection and limit of quantitation were calculated for all analytes
as mentioned in (Appendix 6). In general, “the Limit of detection (LOD) is defined as
the lowest concentration of an analyte in a sample that can be detected under the
stated conditions of the test. The Limit of quantitation (LOQ) is the lowest
concentration of an analyte in a sample that can be determined with acceptable
precision and accuracy under the stated conditions of test” (Analytical Procedures and
Methods Validation, 2000). The LOD and LOQ were calculated using 10 samples of
the lowest concentration of spike (10ppb) (Shrivastava & Gupta, 2011). Refer to

Appendix 6 for calculation data.

Table 9: Limit of Detection (LOD) and Limit of Quantitation (L'0Q) calculated from the
calibrationline at low concentration.

Analyte LOD /ppb LOQ /ppb
a-BHC 1.999 6.663
b-BHC 1.538 5.125

Heptachlor 2.293 7641
Aldrin 1.601 5.338
g-Chlordane 2.061 6870
Endosulfane [ 2287 7624
a-Chlordane 2577 8.593
Dieldrin 1.923 6 408
Endrin 1.923 6 408
Methoxvchlor 1.712 53.707
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The evaluation of the recoveries of studied pesticides were done by adding
known concentration of an internal standard (Decachlorobiphenyl) to about 10% of
total number of samples. The Range from 93.6% to 106.6% was the percent
recoveries in spiked samples. Table 10 shows the recoveries of the

Decachlorobiphenyl.

Table 10: Recoveries of Decachlorobiphenyl.

Sample | Spiked concentration
# /ppb Recovered concentration/ppb Recovery/%
1 50.00 47.34 94.68
2 50.00 46.80 93.60
3 50.00 53.30 106.60
4 50.00 53.00 106.00
5 50.00 52.30 104.60
6 50.00 48.40 96.80
7 50.00 48.30 96.60
8 50.00 50.90 101.80
9 50.00 48.80 97.60
10 50.00 50.18 100.36

3.7 Samples Analysis

The samples analysis was conducted using a GC-electron capture detector
(ECD), and by GC-MS scan mode (Figure 13). The GC/ECD analyses were
performed on an Agilent 6890 N equipped with a splitless injector and a 7683
autoinjector (Agilent, Santa Clara, USA). The analysis by GC/MS was carried out on

an Agilent 7890A MSD 5973 equipped with a split/splitless Inlet and a 7683B
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autoinjector (Agilent, Santa Clara, USA). Separations were conducted using an HP-1
30 m 0.25 mm 0.25 pm column for GC/ECD and Rxi-5SILMS 30 m 0.25 mm 0.25

pm column (Agilent, Santa Clara, USA) for the GC/MS.

Figure 13: GC/ECD and GC/MS instruments at Environmental Studies Center-Qatar
Universitv.

GC7890A/MS 5973 GC6890N/ECD

For the GC/ECD, samples were analyzed as follows: the program initial
temperature was set at 110°C (held for 0.5 min), increased to 320°C at 10°C /min
(held for 5 min). Helium was used as carrier gas at a flow rate of 3.5 ml/min, pressure
at 20.90 psi and average velocity at 85 cm/sec. Nitrogen gas was used as makeup gas
at pressure 50 psi. The injection volume was 1ul, and the injector temperature was

held at 250°C.

Analyses by GC/MS were carried out as follows: the program initial

temperature was set at 70°C (held for 0.5 min), increased to 250°C at 25°C /min,
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raised to 290°C at 5°C /min (held for 3.5 min). Helium was used as carrier gas at a
flow rate of 1.4 ml/min, pressure 11.747 psi, and average velocity 1.595 min. The
injection volume was 1pl, and the injector temperature was held at 300°C. The

GC/MS data were acquired and processed with a wiley7n.1 and NIST98 Libraries.

3.8 Statistical Data Analysis

In this project two statistical analysis tests were used, pair-difference t-test and
analysis of variance (ANOVA). The pair-difference t-test is simply used to test two
independent populations have different mean values on some measure (Statistical
Consultant, 2015). By using the t-test statistic we check the significant difference by
determining the p-value between washed and unwashed samples. The analysis of
variance (ANOVA) was used to compare between two factors.

To compare all possible pairs of means for heptachlor in parsley, using of the

least significant difference (LSD) was necessary. The LSD formula is shown below:

, 1 1
LSD =t, |MSg(—+ —
a E(ni nj)

t = critical value from the t-distribution table
MSEe = mean square error, obtained from the results of ANOVA test
n = number of samples used to calculate the means

Where:

If the difference between means is greater than or equal LSD value, then the

difference is significant. Otherwise, the difference is not significant.
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4 RESULTS AND DISSCUSION
A total 127 samples were analyzed, 101 samples of vegetables (cucumbers,
tomatoes, potatoes, parsley, watercress) and 26 samples of fruits (strawberries,

lemon). About 58 samples were local, and 69 were imported. The origin of analyzed

samples is shown in Figure 14,

Figure 14: Origin of analyzed samples
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Figure 15 presents the number of samples according to its commodity. Since the
season of production of local lemon and potatoes was inconsistent with the project

time (the season production in May), only imported lemon and potatoes samples were

analyzed.
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Figure 15: Distribution of samples by commodity
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The imported vegetables and fruit samples were collected from three Markets
in Qatar: Market A, Market B, and Market C as mentioned in Figure 9. These markets
are the most popular places as most Qatar residents buy from them. Thus, in our
collection of the imported samples from these markets, for each crop the high
percentages of offering countries were considered. Figure 16 shows the percentages

of selected vegetables and fruit in the three Markets (A, B & C).
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Figure 16: Percentages of selected vegetables and fruit in the three Markets (A, B & C).

Market A

100 100 100
100 - 20
75
—
o 80 -
S
(5]
S 60 - >0
g 35
g 40 - 25 25 25
>
a 20 -
0
KSA |Jordon | KSA | South | Egypt | France | KSA | Qatar |Jordon | Egypt | South | France
africa africa
Pucumber  Tomatoes Potatoes Parsley Watercress Strawberries Lemon
Market B
90 95
100 -~ -
) 70
X 80
q, =N
S50
g oo 40 o i
5 a0 +PYV 30 30 20 25 30
o
g 20 - 5
a
0
= < c c o = c o < = < = s ©
< < < < <3
SlC¢|e|e|8|&8|e|8|¢|&5|¢|8 & %
o ) S S o S S o o L g
har] kvl lar)
<
Cucumber Tomatoes Potatoes Parsley | Watercress Strawberrie
Market C
90
@ 100 T 70 80 70 70
[=) 790 A A"
5 80 -
> 56—56 56—56
s 60 -
<
o 40 A 20
2
S 20 -
& 0
S|s/s|s8s|8|s5|85 5|5 |58/8|5)|3|¢
¥ B ° © > © v < ¥ < > b < =
S S (o4 w (o4 (o4 o w S S w
=] =] ] =
Cucumber Tomatoes Potatoes Parsley Watercress | Strawberries Lemon

53




4.1 Organochlorine Residues in vegetables and fruit samples

This study is the first extensive study to determine the levels of pesticide residues
on various vegetables and fruit commonly consumed in Qatar. Residues of 10 OCPs
(Heptachlor, aldrin, dieldrin, Endrin, a-chlordane, g-chlordane, endosulfane I,
methoxychlor, « -BHC and B —BHC) were identified for local and imported
vegetables and fruit using GC/ECD.

According to the origin of samples, the number of samples containing residues
above MRL is shown in Figure 17. The imported samples were higher than local
samples in exceeding the MRL. About 57 samples (90%) of the imported samples
were above the MRL in containing at least 1 of the selected organochlorine
pesticides, whereas about 22 samples (30%) of local samples showed residues above

the MRL in containing at least 1 of the selected organochlorine pesticides.

Figure 17: Occurrence of residues of pesticide in fruit and vegetables samples.
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All local samples of cucumbers and tomatoes were residue-free or below the
MRLs. In addition, all local strawberries samples were free of OCPs residue except
two samples showed concentration of heptachlor higher than the MRL. However,
only 12 samples of the total imported samples were free or below MRLs of OCPs
residue. The rest of the imported samples contained at least one residue of OCPs that

were above the MRLs.

Almost 63% of the 127 samples analyzed had at least one OCPs residue. In terms
of co-occurrence of pesticide residues, 8 local samples and 24 imported samples were
shown to contain one residue of the 10 selected OCPs residues. While 20 local
samples and 41 imported samples contained two or more of the selected OCPs

pesticide residues.

The MRL values of the samples were exceeded most often for heptachlor. In all
types of imported vegetables (cucumbers, tomatoes, potatoes, parsley, watercress) and
fruits (strawberries, lemon), heptachlor concentration was higher than the MRL
(>10ug/kg). The highest concentration of heptachlor pesticide residue was 144 ug/kg

found in imported strawberries from Egypt.

Residues of OCPs in the imported samples were found most frequently are
Heptachlor (57 samples), followed by endrin (21 samples), a-chlordane (19 samples),
aldrin (13 samples) and dieldrin (13 samples). Whereas in local samples, the OCPs
residue that were found most frequently were g-chlordane (22 samples), followed by

heptachlor (18 samples), aldrin (15 samples), and endosulfane 1 (12 samples) as
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shown in Figure 18. Six imported samples contained g-chlordane, five samples

contained endosulfane I, and only three samples contained methoxychlor. For local

samples, 11 samples contained dieldrin, endrin and methoxychlor, and about 10

samples contained a-chlordane. The OCPs that are not found in any sample were « -

BHC and B —BHC.

Figure 18: Residues of OCPs found in local and imported samples
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Over all, the most often found OCPs were heptachlor (found in 75 samples), g-

chlordane (found in

22 samples) and a-chlordane (found in 19 samples).The influence

of incubation temperatures on heptachlor degradation was studied at 20°C and 30°C

(Pokethitiyook & Poolpak, 2012). At 30°C, smaller amount of heptachlor residue was

presented than that

of 20°C. This explained why the imported samples which were

collected from markets showed high pesticides residues, since the temperature is low

at market and it can

influence pesticides accumulation.
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The concentration of heptachlor compound that were found in collected local
and imported samples is shown in Figure 19. The MRL of heptachlor is 10ppb.
Heptachlor was found in two commodity (watercress and parsley) with average
concentration 18.71 = 0.65 (SE) and 19.04 = 0.72 (SE) respectively. While in
imported samples, heptachlor was detected in all commodities. The highest
concentration was detected in collected parsley samples with average concentration
29.32 £2, which means that they exceeded the MRL by about 20 ppb. The collected
imported cucumber samples showed the least concentration of heptachlor with

average concentration 14.73 +0.83; they just exceeded the MRL by 4 ppb.
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Figure 19: Residues of heptachlor in the local and imported samples
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4.2 Scanning of vegetables and fruit samples by GC/MS

An Agilent 7890A mass spectrometric detector (MS 5973) was used to scan the
samples under scan mode. The GC/MS data were acquired and processed with a

wiley7n.1 and NIST98 Libraries.

Due to the complexity of the matrix, cleaning sample is necessary before GC/
MS. Thus, in this experiment the solid-phase extraction (SPE) such as florisil and
silica were used. Nevertheless, recent advances in the clean-up techniques
concentrate on the use of a combination of two or more SPE adsorbents commercially
available. Weak anion-exchange sorbents such as aminopropyl (NH;), primary—
secondary amine (PSA), or diethylaminopropyl (DEA) modified silica together with
strong anion-exchange sorbents are most often used adsorbents for clean-up of food

samples (Yamazaki & Ninomiya, 1999).

The total ion chromatograms obtained after injecting 1pl of sample in the first
instance gave the total profile of the volatiles and semi-volatiles characterizing that
specific product. As an example, Figure 20 shows the recorded total ion
chromatogram of the HP-1-capillary GC-MS analysis of imported cucumber sample.
Many fatty acids in all the samples were detected by matching with wiley7n.1 and

NIST98 Libraries.
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Figure 20: Total ion chromatogram of imported cucumber by GC/AMS.
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The NH; and primary-secondary amine (PSA) sorbents provided the most
effective clean-up among bonded-silica phases sine they can remove high amount of
sample matrix interferences (Schenck & Lehotay, 2000 & Schenck et al, 2002). And
because of its higher capacity, PSA was significantly better than NH, for removal of

fatty acids (Anastassiades et al, 2003 & Saito et al, 2004).
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Since florisil and silica were used for cleanup, heavy matrix interferences were
observed in most of the samples, consisting primarily of fatty acids. Anastassiades et
al, 2003 & Saito et al, 2004 showed that fatty acid matrix interferences can alter
ionization efficiency when using MS detection. Thus the detection and identification
of trace levels of pesticides in this complex profile can be very time-consuming and

laborious.

4.3 Statistical data analysis

Two statistical analysis tests were used to determine significant differences
between means. To compare between washed and unwashed, paired t-test was used.
Analysis of variance (Factorial analysis) was used for determination of the significant
differences among the countries where vegetables and fruits were imported from as
well as washed and unwashed. In addition, the interaction between country and

washing treatments were tested using LSD (Least Significant Differences) test.

Paired t-test analyses were performed to compare between residuals in washed
and unwashed vegetables and fruits. Paired t-test revealed that in most of the
comparisons between the washed and unwashed samples, no-significant differences
were observed (P > 0.05). It means that most of the pesticides remain on the skin of
vegetables after washing with water such as cucumber, tomatoes, and potatoes
(Gutierrez & Londofio, 2009). The results are comparable with those were obtained

by washing; this only removes loose surface residues and major portions of polar
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compounds. Non-polar pesticides are tenaciously held in the waxy layers of the peel
of fruits and vegetables. Rialch 2012 reported that the pesticide residues that are on
the surface of vegetables require two to three times washings. Soliman 2001, noted
that reduction of organochlorine pesticides residues were more efficient by washing
the vegetables with acetic acid or sodium chloride solutions compared to washing
with tap water. This could explain why there were no differences in the presence of
organochlorine substances between washed samples by tap water and unwashed

samples.

Though, it seems that the effects of washing samples with tap water differ in
organochlorine residues based on the type of vegetables and fruits. Statistically
significant differences (P < 0.05) in presence of some organochlorine compounds
between washed and unwashed imported samples were noted in three commodities
(parsley, watercress and strawberries). Heptachlor compound in imported parsley
showed difference in significant between the washed and unwashed samples (P =
0.0018) as shown on Table 11. Meanwhile, heptachlor in imported strawberries
showed difference in significant between the washed and unwashed samples (P =
0.027). In imported watercress samples, the compound a-chlordane showed also
significant difference between the washed and unwashed (p=0.017). Refer to

(Appendix 10) for the t-test analysis data.

The pesticide residues from green leafy vegetables (such as: Parsley and

watercress) are removed satisfactorily by normal processing such as washing (Rialch,
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2012). Kin & Huat (2010), reported that washing strawberries with tap water, acetic
acid, sodium chloride or sodium carbonate can be an effective method to reduce the
intake of pesticide residues. Other researchers stated that tap water reduced the
pesticides residues in strawberries samples, though acidic solution was more effective

in the elimination of the OCs pesticides (Kin & Huat 2010).

Analysis of variance (ANOVA) was performed using Minitab software to
determine significant differences between two factors (washed/unwashed treatment
and country source). The analysis was done for the compounds that showed residues
in most of the samples for particular crop. Table 11 shows the analysis of variance

for Heptachlor in parsley samples.
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Table 11: Pair-difference t-test for the imported parsley for the presence of heptachlor residue

Parslev
Heptachlor
washed unwashed
15342 43 534
12.525 25.657
14.744 36.250
16.784 37.367
13.597 39105
13.090 20379

t-Test: Paired Two Sample for Means

Fariable 1

Variable 2

Mean

Variance
Observations
Pearson Correlation
Hyvpothesized Mean Difference
df

t Stat

P(T==t) one-tail

t Critical one-tail
P(T==t) two-tail

t Critical two-tail

14.34723501
2.5059054233
4]
0.6747176595
]

5
-6.060360156
0.000882552
2015048372
0.001765183
2.570581835

33.715315
7760202523
4]
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Table 12: Analysis of variance data for Heptachlor in parsley samples.

Analysis of Variance for Heptachlor in parsley samples, using Adjusted SS for Tests

Source DF Seq SS AdjSS AdMS F P
Treat 1 565.57 559.33 559.33 15.00 0.002
Country 2 80.58 80.71 40.35 1.08 0.364
Treat*Country 2 660.15 660.15 330.08 8.85 0.003
Error 15 559.26 559.26  37.28

Total 20 1865.56

The ANOVA analysis for heptachlor in parsley samples showed that there
were significant difference in the treatment washed/unwashed (P =0.002), where no
significant difference between counties (P= 0.364), and significant difference in the
interaction between washing treatment and countries showed highly significant
differences (P= 0.003) (Table 12). This means that washing decreased the heptachlor
residues in parsley. Heptachlor concentration in the three different countries (KSA,
Lebanon, and Qatar) showed no significant difference, i.e. the concentration in all

countries was approximately the same.

Table 13 shows the calculated LSD for all possible pairs of mean. Table 14
shows the overall means of all possible interaction between the washing treatment

and the countries (KSA, Lebanon and Qatar) for heptachlor in parsley.
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As shown in Table 13 the calculated LSD value between washed Qatari
parsley and washed KSA parsley was (6.59), and the difference of mean between
these two groups as shown in (Table 14) was (13.62) was higher than the LSD, which
indicates significant difference. The mean of the washed KSA parsley samples were
higher than the mean of the washed local parsley samples, this means that the washed
local parsley is better than the washed KSA parsley. Meanwhile, the difference of
mean between unwashed Qatari parsley and unwashed KSA parsley was greater than
LSD value (6.59), which means that the difference was significant. The mean of the
unwashed KSA parsley samples were higher than the mean of the unwashed local
parsley samples, this means that the unwashed local parsley is better than the
unwashed KSA parsley. For the comparison between the washed Qatari parsley and
washed Lebanon parsley the LSD value was (6.68) and the mean difference was
greater than the LSD, which means that the difference was significant. The mean of
the washed Qatari parsley samples were higher than the mean of the washed Lebanon
parsley samples, this means that the washed Lebanon’s parsley is better than the
washed local parsley. Whereas no significant difference was observed between the

unwashed Qatari parsley and unwashed Lebanon parsley.
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Table 13: The calculated LSD for all possible pairs of means of heptachlor in parsley.

Lebanon KSA Qatar Qatar Lebanon KSA
(washed) | (washed) | (unwashed) | (washed) | (unwashed) | (unwashed)
KSA
(unwashed) 6.68 6.58 6.59 5.92 6.01 0.00
Lebanon
(unwashed) 9.32 6.68 6.68 6.68 0.00 6.01
Qatar
(washed) 6.68 6.59 6.59 0.00 6.68 5.92
Qatar
(unwashed) 6.68 6.59 0.00 6.59 6.68 6.59
KSA
(washed) 6.68 0.00 6.59 6.59 6.68 6.58
Lebanon
(washed) 0.00 6.68 6.68 6.68 9.32 6.68

For the comparison between the imported parsley samples, no significant
differences between the washed KSA samples and washed Lebanon samples and
between the unwashed KSA samples and the unwashed Lebanon samples were
observed. However, there was a difference in significant between the washed KSA
samples and the unwashed Lebanon samples. The mean of washed KSA samples was
greater than the mean of unwashed Lebanon samples. This indicated that the
unwashed Lebanon’s parsley is better than the washed KSA’s parsley. Meanwhile,
the comparison between the unwashed KSA samples and washed Lebanon samples
showed significant difference. The mean value of unwashed KSA samples was
greater than the mean of washed Lebanon samples. This means that the washed

Lebanon’ parsley is better than the unwashed KSA’ parsley.
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Table 14: The overall means of all possible comparisons for heptachlor in parsley.

A Overall mean of washed and unwashed parsley samples

Woashed

Unwashed

Mean

19.89

30.29

B: Overall mean of KSA, Lebanon, and Qatar parsley samples

KSA Lebanon Qatar
‘ Mean 24.37 21.54 27.03
C: All possible pairs of means
Washed Unwashed
KSA 15.30 35.70
Lebanon 13.34 29.74
Qatar 25.14 28.92

D: Mean differences between all possible groups

Lebanon | KSA Qatar Qatar Lebanon KSA

(washed) | (washed) | (unwashed) | (washed) | (unwashed) | (unwashed)
KSA 22.36% | 20.40* | 10.56* 6.79 5.96 0.00
(unwashed)
Lebanon 16.40% | 14.44* 4.60 0.83 0.00 5.06%
(unwashed)
Qatar 1557% | 13.62* 3.77 0.00 0.83 6.79%
(washed)
Quatar 11.80* | 9.84* 0.00 3.77* 4.60% 10.56*
(unwashed)
KSA

1.95 0.00 9.84* 13.62* 14.44% 20.40%

(washed)
Lebanon 0.00 1.95 11.80 15.57* 16.40* 22.36*
(washed)

*The difference is significant.
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The ANOVA analysis of a-chlordane in watercress is shown in Table 15.

Significant difference was observed between counties (P= 0.002), i.e. a-chlordane

residue was different depending on the country. The washing treatment and the

interaction between the washing treatment and countries were not significant.

Table 15: Analysis of variance data for a-chlordane in watercress samples.

Source DF
Treat 1
Country 1
Treat*Country 1
Error 12
Total 15

SeqSS  AdjSS
119.03  56.11
1507.15 147454
15536 155.36
114873  1148.73
2930.27

Analysis of Variance for a-Chlordane, using Adjusted SS for Tests

AdjMS  F P

56.11 0.59  0.459
147454 15.40 0.002
15536 162  0.227
95.73

For the methoxychlor in cucumber samples, the ANOVA analysis shown in

Table 16 showed that no significant differences were shown between the

washed/unwashed samples (P > 0.05), countries and interaction between the washing

treatment and countries.
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Table 3: Analysis of variance data for methoxychlor in cucumber samples.

Analysis of Variance for Methoxyc, using Adjusted SS for Tests

Source DF SeqSS AdjSS AdjMS F P
Treat 1 2.578 1779 1779 135 0.284
Country 1 0.505 0.580 0.580 0.44 0.529
Treat*Country 1 0.969 0.969 0.969 0.73 0.420
Error 7 9.254 9.254 1.322

Total 10 13.306

Similarly, heptachlor in tomatoes showed also no significant differences in all
the comparisons between the washing treatment, countries or interaction between the

both as shown in Table 17.

Table 4: Analysis of variance data for heptachlor in tomatoes samples.

Analysis of Variance for Heptachl, using Adjusted SS for Tests

Source DF SeqSS AdjSS AdjMS F P

Treat 1 186.1 186.1 186.1 1.62 0.271
Country 1 195.3 195.3 195.3 170 0.262
Treat*Country 1 73.3 73.3 73.3 0.64 0.469
Error 4 458.4 4584 114.6

Total 7 913.1
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5 CONCLUSION

This study is the first study that provided important information regarding
pesticide residues in vegetables and fruit in Qatar. 127 samples, which included 26
fruits and 101 vegetables, from local and imported sources were investigated for
organochlorine pesticide residues. According to the results, the imported samples
were much higher than local samples in exceeding the MRL. MRL values were
exceeded most often for heptachlor OCPs. Most, if not all, of the pesticides residues
found in local samples were detected on the leafy vegetables (parsley and watercress).

The statistical analysis of data was essential to identify and compare the results.
The significant difference between the washed and unwashed samples was examined
using t-test. And the significant differences between the two factors (washing
treatment and countries) were studied using analysis of variance (ANOVA). The
lowest significant differences (LSD) provided the significance between the
interaction of washing treatment and countries.

The level of pesticide residues contamination may be considered a potential
public health problem. The results also underscore the need for regular monitoring of
large samples to determine the pesticide residues, especially for the imported

samples.
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6 RECOMMENDATION

The findings of this study suggest the need for a monitoring program to
investigate the occurrence of residues of pesticide in foodstuffs, especially imported
food products. All government sectors like (Qatar University, Ministry of
Environment and Supreme Council of Health) should work together in this field,
perform many scientific researches and share their results to the concerned parties in

order to investigate the pesticides issues in products sold in Qatar.

Future studies should consider the processing factors other than washing with tap
water in order to account for the reduction or removal of pesticides such as: washing
(with acetic acid, sodium chloride and soap) and peeling. Also as a recommendation,
we need to look to other types of food that are sold in Qatar and may contain
pesticides residues, such as grains and dates. Future studies also should look to the
presence of other type of pesticides such as organophosphorous and carbamates

compounds.
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8.1 Appendix 1: Samples Collection

Figure 1: Collection of local vegetables samples from Al-Mazrouah hall
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Figure 2: Collection of imported vegetables samples from markets.
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Figure 3: Collection of local leafy vegetables samples from Al-Mazrouah hall.
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Figure 5: Collection of local fruit samples from Al-Mazrouah hall.

Figure 6: Collection of local fruit samples from Markets A, B & C.
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8.2 Appendix 2: The Scope and Application of EPA Method 8081A
METHOD 8081A

DRGANQCHLORINE PFESTICIDES BY GAS CHROMATOGRAPHY

1.0 SCOPE AMD APPLICATION

1.1 Method 8081 is used to determine the concentrations of wvarous organochlonne
pesticides in extracts from solid amd liguid matrices, using fused-silica, open-tubular, capillary
columns with electron capture detectors (ECD). When compared to the packed columns, these
columns offer improved resolution, better selectivity, increased sensitivity, and faster analysis. The
compounds listed below may be determined by either a single- or dual-columm analysis system.

Compound CAS Registny Mo.
Aldrin 308-00-2
a-BHC 318-84-5
B-BHC 318-85-7
y-BHC (Lindane) 58-80-0
5-BHC 3158-86-8
Chilorcbenzilate B10-15-6
a-Chlordans 5103-71-8
v-Chlordane 5103-74-2
Chlordane - not othenwise specified A7-T4-8
DBCP f8-12-4
4.4'-00D0 T2-54-8
44'-00E T2-55-8
44'-00T A0-29-3
Diallate 2303-16-4
Dieldrin 60-57-1
Endosulfam | 850-05-8
Endosulfan || 33213-85-9
Endosulfan sulfate 1031-07-8
Endirim T2-20-48
Endrim aldehyde T421-834
Endrin ketone 534084-TO-5
Heptachlor TE-44-4
Heptachlor epoxide 10:24-57-3
Hexachlorobenzenea 118-74-1
Hexachlorooyclopentadisne Tr-47-4
Isodrim 485-T3-6
Mlethosychlor T2-43-5
Toxaphens a8001-35-2

1.2 This revision of Bethod 8081 no longer includes the PCBs as Arcclors in the list of target
anahfes. The analysis of PCBs should be undertaken using Method 2022, which includes specific
deanup and quanitation procedures designed for PCE analysis. This change was made to obtain
PCB data of better quality and to eliminate the complications imherent in a combined ocrganochlonne
pesticide and PCB method. Therefore, if the presence of PCBs is expected, use Method 8082 for

CO-ROM BOB1A -1 Revision 1
December 152068
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8.3 Appendix 3: Accelerated Solvent Extraction of Pesticide Residues in Food Products.
Dionex Application Note 332, 2012.

Accelerated Solvent Extraction of
Pesticide Residues in Food Products

=
=
=

=
Eal

i)

=
)
=

=
)
"

L)
w
B

Introduction Equipment
Residue analysis in crops and food products is routinely e oot Dioner ASE 200 accelerated sobent avtraction
performed in regulatory and industrial laboratories system” equipped wih 11, 22, or 33 ml cals

mnd the world. Many of IJ:u: tradltl:.mal pmcclecﬁ Therma Scieniic Dionax vk Tor colecion of
to perform these extractions are ome-consuming and {400 mL, FYN 040465 60 L, PYN (40466)

solvent-intensive. Accelerated solvent extraction 15 an : :

extraction technique that speeds the extraction process Celluose filter disks (PN D48456)

and reduces the total amount of solvent used. The systern "Thermo Sciniific Dione ASE 150 and 350 sccalerslad soivent exiraction ysisms can

uses conventional liquid solvents at elevated temperatures e e o eyt et
and pressures, which results in increased extraction Reagents
kinetics. Extraction of samples ranging from 1 to 30 g Fishar Scientific Acatone, Optima grada
typically requires 12-17 min and 15-50 mL of solvent. — -

Fishar Scientific Acatonitrile, Opfma grade
In the environmental industry, accelerated solvent Fishar Scientific Haxana, Optima grade

extraction has been ¢ red extensively to traditional —
preparation uv.ﬂ:niqu::::d has been fu:nd tiy generate Thermo Scientific Dianex ASE Prap DE (/N 0626810)

stmilar extracts in a more effictent manner. Accelerated Fishar Scientific sodium sulfate, antydrous added affar exfraction
solvent extraction 15 now widely used in environmental . o

applications to replace time- and solvent-intensive Extraction Conditions

techniques such as Soxhlet and sonication. The prinaples Temperature: {00°C

of accelerated solvent extraction technology are based on

Prassure: 1500 pei*
conventional liquid extraction theory, so the transfer of - =
existing solvent-based extraction processes to accelerared Heatup Time: 5 min
solvent extraction 1s simple. In addition, the ability to Static: Time: b min
extract up to 24 samples unattended can result ina Flush Violumea: 0%
dramatic mcrease in laboratory efficiency. Purge Tima: 100s
Static Cycles: 1-2
Total Exfraction Time: 1418 min per samplo
Total Sobvent Usad: 1545 mL per sample
*Preczure siules show hat 1500 pal e oplimum edracion pressse o
acceeraled sokent exiraction spplcsdons.
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Sample Preparation

Weigh dry samples {1-20 g) and add directly to extraction
cells containing a cellulose extraction filter. Grind wet
samples {1-10 g) and mix with & g of Dionex ASE™

Prep DE (diatomaceous earth) using a mortar and pestle.
Rinse the mortar and pestle with 2-3 ml of the extraction
solvent. Add this volume to the sample in the extraction
cell.

Extraction

Perform the sample extractions according to the outlined
conditions. Following extraction, add 5 g of anhydrous
sodium sulfate to the collection vial to absorb coextracted
water. Shake the wvial for 15 s and decant the water-free
extract into a clean 60-mL vial. Rinse the original vial
with 5 mL of the extraction solvent and decant this
volume into a second vial. Concentrate the combined
volume to approximately 10 mL under nitrogen.

Analytical

Analyze organochlonne pesticides using a gas chromato-
graph with a 30 m = (.25 mm 1.d. RTX-5 capillary
column (Restek Corporation, Belefonte, USA) Setup a
1-pL splitless imjection volume with the injector at 275 "C
and the electron capture detector (ECDY) maintained atc
300 *C with a nitrogen atmosphere. Program the un
from 140 "C {3 min} to 265 °C at 10 "C/min. Quantify
results using endosulfan I or endrin aldehyde as the
mternal standard. Pass pesticide extracts through carbon
or C18 cleanup cartridges prior to analysis. Quantify
results by GC analysis with ECD detection (1.5 EPA
Method 8151) or GC with MS detection (1.5, EPA
Method 3270).

Results and Discussion

Samples (10 g) of raw potato and banana were spiked
with 100 pL. of a standard solution in hexane containing
12 organochlorine pesticides. Hexane with 10% acetone
was chosen as the extraction solvent because it delivered
good recoveries of the analytes with fewer mterferences
{co-extractables) than a 1:1 mixture. Resulting extracts
were clear (after sodium sulfate treatment) upon concen-
tration and suitable for GOECD analysis. The necessity
of the drying step limits the amount of raw sample that
can be extracted to 10 g. Results are presented in Tables 1
and 2. These results represent three extractions with
duplicate GC imjections of each extract.

Tabla 1. Racovery of Organochioning Pesticidas Spiked onto Raw

Banana at tha 100 ppm Level®

Compound Av. Recovery (%) | 5D (po/ko) %)
a-BHC 1003 23 23
B-BHC 1022 23 23
¥-BHC qeq 32 32
Heptachior 22 76 85
Aldrin 234 22 25
Heptachior Fpoide 935 24 22
Dieddrin 93T 16 17
4.4"DOE 921 18 14
24000 954 25 26
Endrin Q44 27 3o
44000 g80 27 30
44007 26 58 G4
n=1.

Tabla 2. Recovery of Organochlorine Pesticides Spiked onto Raw Potato

at the 100 ppm Lewel*

| Compound | . Rooowry 04 | 50 g [ 8D 06)
a-BHC 963 6.3 (1]
B-BHC 108.6 23 21
Y-BHC a74 EE 1]
Hegtachior 939 35 a7
Aldrin 959 33 34
Heptachior Epovida 952 24 26
Dieldrin a7i 055 0.57
4 4'-D0E 954 0ET 070
24000 957 085 0.89
Endrin arg 18 19
44000 wy 18 19
44007 93.0 45 4B
=3,
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Table 3. Facovery of Spiked Pesticides from Wheat by Accalaratod A 5-g sample of ground wheat grain was spiked with

Safvant Extraction 100 pL. of a standard solution containing 29 pesticides
and herbicides at levels ranging from §-102 ppb (see
Compound Spike Lovel Spike Lavel Table 3) and extracted at 100 °C with acetonitrile. Spike
(ro/ka) (ra/ka) levels and recovery results are shown in Table 3. Recover-
o-Methoata T4 5.4 ics ranged from 54.1-115.7%. The average recovery was
Trifluralin 44 99.6 05.3% if the two outliers, dichlorvos and carbaryl, are
Dichlonvos 14 B05 excluded. Following the spike studies, 12 naturally
Phorals 18 073 incurred grain samples were extracted by the tradittonal
wrist shaker extraction with acetonitrile, usin t-
Demeton 3 67 extraction solid phase extraction (5PE) n:]canug]:f::;d by
Dimatfioats 54 4ra accelerated solvent extraction using either acetone or
Carbofuran 22 6.6 acetonitrile as the extraction solvent. The accelerated
Atrazine 14 023 solvent extraction took 12 min per sample and required
Diazinan 26 060 12-15 mL of solvent, while the shaker extraction took
. approximately 1 h per sample (including post-extraction
Dl.g.lrfﬂtm “ £ SPE cleanup on carbon or C18) and used 130 mlL of
Triallata Ed &a acetonitrile per sample. The accelerated solvent extraction
Parathion-meatimyl 40 1157 extracts did not require post-extraction processing.
Citkorpyrifos-medfyd 8 1154 Extraction results for two compounds identified in these
Carbaryl 2z 544 extracts, methyl chlorpyrifos and malathion, are shown
Linwon 102 B3.6 Table 4. The detected amounts compared well between the
Malathiion 27 1045 two techniques, with the accelerated solvent extraction
values generally 10-20% higher. In all cases, samples with
w&m 2 BT nondetectable levels (WD) were identified as such by both
Parathion B4 101.2 technigues. Acetonitrile and acetone appear to be good
Endosuifan-alpha 56 041 solvent choices for this application.
Disulfoton-zulfons 03 LR
Imezald 40 108.2
Endosulfan-beta 63 03.3
Endosulfan suffata 20 7o
Mathoxychlor-o,p 43 9.9
Dickofop-metyl 36 B.a
Mathosychior- o0 50 114.9
Azinphos-mattwyl 56 04.2

Table 4. Exfraction of incurmed Pesticides in Wheat by accelarated
sihvent axiraction and Comventionzl Wrist Shakear Extraction

1

2 Acatone 1078 B0 00| 40 50
3 Acatone 20 50 BO| &0 70
4 Acatone 1013 NI WD [ ND D
5 Acatone 10.24 a0 70| 40 100
i Acatone .93 NI NDV[ ND D
7 Acatone 532 NI ND[ ND D
& Acatone 5.39 NI WD [ ND D
9 Acatomitrile 10.85 &0 80| &0 &0
10 Acatomitrile 204 [} 90| &0 [
" Acatonitrile 5.30 D ND[ ND WD

NI = nnf dedpcind.



Conclusion

Using accelerated solvent extraction, pestiade residue
analysis laboratories can increase sample throughput
while reducing overall solvent usage. The simplicity of the
accelerated solvent extraction technique, combined with
results showing excellent correlation to existing methods,
have resulted in the rapid acceptance of accelerated
solvent extraction for environmental analysis. The
promulgation of U.S. EPA Method 3545 now provides a
means for environmental test laboratories to take full
advantage of accelerated solvent extraction technology. In
addition to the wide range of target analvtes covered
under Method 3545 for organic pollutants in solid waste,
accelerated solvent extraction has been applied success-
fully to the extraction of total petroleum hydrocarbons
{TPH), dioxins, and furans from a vanety of matrices.
accelerated solvent extraction has also been applied to the
extraction of explosives from =soil, PCBs from fish and
other marne tissues, and polyurethane foam (PUF) arr
sampling cartridges.
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8.4  Appendix 4: The Scope and Application of EPA Method 3620C- Florisil Cleanup

METHOD 3620C
FLORISIL Cl EAMUP

SW-846 is not intended to be an analytical training manual. Therefore, method
procedures are wrtten based on the assumption that they will be perfermed by analysts who are
formally trained in at least the basic principles of chemical analysis and in the use of the subject

technology.

In addition, SW-846 methods, with the exception of required method use for the analysis
of method-defined parameters, are intended to be guidance methods which contain general
information on how to perform an analytical procedurs or technique which a laboratory can use
as a basic starting point for generating its own detailed Standard Operating Procedure (SOP),
either for its own general use or for a specific project application. The performance data
included in this method are for guidance purposes only, and are not intended to be and must
not be used as absolute QC acceptance critena for purposes of laboratory accreditation.

1.0 SCOPE AND APFPLICATION

1.1 Flonsil®, a registered trade name of U. S. Silica Co_, i1s a magnesium silicate with
basic properties. It 1s used to separate analytes from interfering compounds prior to sample
analysis by a chromatographic method.

12 Flonsil® has been used for the cleanup of pesticide residues and other chlorinated
hydrocarbons; the separation of nitrogen compounds from hydrocarbons; the separation of
aromatic compounds from aliphatic-aromatic mixtures; and similar applications for use with fats,
oils, and waxes. Additionally, Flonsil® is considered good for separations with steroids, esters,
ketones, glycendes, alkaloids, and some carbohydrates.

1.3 Flonsil® cleanup may be accomplished by either using a glass chromatographic
column packed with Flonsil® or using solid-phase extraction cartridges containing Flornisil®.

1.4  This method includes procedures for cleanup of sample extracts containing the
following analyte groups:

Phthalate esters Chlorinated hydrocarbons
Nitrosamines Organochlorine pesticides
Mitroaromatics Organophosphates
Haloethers Organophosphorus pesticides
Aniline and aniline derivatives PCBs

Other analytes may potentially be cleaned up using this method provided that adequate
performance is demonsirated.

15 Prior to employing this method, analysts are advised to consult the base method
for each type of procedure that may be employed in the overall analysis (e.g., Methods 3500,
3600, 5000, and 3000) for additional information on quality control procadures, development of
QC acceptance criteria, calculations, and general guidance. Analysts also should consult the
disclaimer statement at the front of the manual and the information in Chapter Two for guidance
on the intended flexibility in the choice of methods, apparatus, matenals, reagents, and

3620C -1 Revision 3
February 2007
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8.5 Appendix 5: EPA Method 3630- Silica Gel Cleanup

METHOCD 3630C
SILICA GEL Cl EANUP

1.0 SCOPE AND APPLICATION

1.1 Silica gel (silicic acid) is a regenerative adsorbent of silica with weakly acidic properties.
It is produced from sodium silicate and sulfuric acid. Silica gel can be used in column
chromatography for the separation of analytes from interfering compounds of a different chemical
polanty. It may be used activated, after heating to 150 - 160°C, or deactivated with up to 10% water.

1.2 This method includes guidance for standard column cleanup of sample exiracts
containing polynuclear aromatic hydrocarbons, derivatized phenolic compounds, organochlorine
pesticides, and PCBs as Aroclors.

1.3 This method also provides cleanup procedures using solid-phase extraction cariridges
for pentafluorobenzyl bromide-derivatized phenols, organcchloring pesticides, and PCBs. This
technique also provides the best separation of PCBs from most single component organochlarine
pesticides. When only PCBs are fo be measured, this method can be used in conjunction with
sulfuric acid/permanganate cleanup (Method 3665).

1.4  Other analytes may be cleaned up using this method if the analyte recovery meets the
criteria specified in Sec. 8.0.

1.5 This method is resfricted to use by or under the supervision of trained analysis. Each
analyst must demonstrate the ability to generate acceptable results with this method.

2.0 SUMMARY OF METHOD

21 This method provides the opfion of using either standard column chromatography
techniques or solid-phase extraction cartridges. Generally, the standard column chromatography
technigues use larger amounts of adsorbent and, therefore, have a greater cleanup capacity.

2.2 Inthe standard column cleanup protocol, the column is packed with the required amount
of adsorbent, topped with a water adsorhent, and then loaded with the sample to he analyzed.
Elution of the analytes is accomplished with a suitable solvent(s) that leaves the interfering
compounds on the column. The eluate is then concentrated (if necessary).

2.3 The cartridge cleanup protocol uses solid-phase extraction carridges packed with 1 g
or 2 g of silica gel (silicic acid) adsorbent. Each cartridge is solvent washed immediately prior fo use.
Aliquots of sample extracts are loaded onfo the cariridges, which are then eluted with suitable
solvent(s). A vacuum manifold is required to obtain reproducible resulis. The collected fractions
may be further concentrated prior to gas chromatographic analysis.

2.4 The appropriate gas chromatographic method is listed at the end of each technique.
Analysis may also be performed by gas chromatography/mass spectrometry (Method 8270).

CD-ROM 3630C -1 Revision 3
December 1996



8.6  Appendix 6: Data on Detection Limit (LOD) and Quantitation Limit (LOQ)

Tablel: Calculation of LOD and LOQ for a-BHC

Column A Column B

Analyte a-BHC Pesticides
Spike Conc. 10
Units ppb
Replicate 1 10.0560
Replicate 2 10.5930
Replicate 3 9.5870
Replicate 4 8.6650
Replicate 5 9.7530
Replicate 6 10.8390
Replicate 7 9.7580
Replicate 8 9.6380
Mean Average(B7..B14) 9.8611
Std. Dev. STDEV(B7..B14) 0.6663
LOD (t-value)*(B16) 1.9989
LoOQ 10*B16 6.6631

Table2: Calculation of LOD and LOQ for b-BHC

Column A Column B

Analyte b-BHC Pesticides
Spike Conc. 10
Units ppb
Replicate 1 10.5000
Replicate 2 10.1000
Replicate 3 9.9000
Replicate 4 9.8000
Replicate 5 10.4000
Replicate 6 10.0100
Replicate 7 10.6000
Replicate 8 8.9900
Mean Average(B7..B14) 10.0375
Std. Dev. STDEV(B7..B14) 0.5125
LOD (t-value)*(B16) 1.5376
LOQ 10*B16 5.1255

100



Table3: Calculation of LOD and LOQ for Heptachlor

Column A Column B

Analyte Heptachlor Pesticides
Spike Conc. 10
Units ppb
Replicate 1 10.9850
Replicate 2 10.5960
Replicate 3 9.6570
Replicate 4 9.6320
Replicate 5 10.9520
Replicate 6 9.7530
Replicate 7 8.7620
Replicate 8 9.8670
Mean Average(B7..B14) 10.0255
Std. Dev. STDEV(B7..B14) 0.7645
LOD (t-value)*(B16) 2.2934
LoQ 10*B16 7.6448

Table4: Calculation of LOD and LOQ for Aldrin

Column A Column B

Analyte Aldrin Pesticides
Spike Conc. 10
Units ppb
Replicate 1 12.1020
Replicate 2 11.3560
Replicate 3 12.0350
Replicate 4 10.8960
Replicate 5 10.9980
Replicate 6 11.8560
Replicate 7 11.9210
Replicate 8 10.8640
Mean Average(B7..B14) 11.5035
Std. Dev. STDEV(B7..B14) 0.5338
LOD (t-value)*(B16) 1.6014
LOQ 10*B16 5.3380
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Table5: Calculation of LOD and LOQ for g-Chlordane

Column A Column B

Analyte g-Chlordane Pesticides
Spike Conc. 10
Units ppb
Replicate 1 10.7590
Replicate 2 9.8540
Replicate 3 10.8350
Replicate 4 10.3280
Replicate 5 8.9560
Replicate 6 9.7680
Replicate 7 10.0230
Replicate 8 11.0290
Mean Average(B7..B14) 10.1940
Std. Dev. STDEV(B7..B14) 0.6870
LOD (t-value)*(B16) 2.0611
LoQ 10*B16 6.8705

Table6: Calculation of LOD and LOQ for Endosulfane |

Column A Column B

Analyte Endosulfane | Pesticides
Spike Conc. 10
Units ppb
Replicate 1 10.6500
Replicate 2 10.2560
Replicate 3 9.6570
Replicate 4 9.6310
Replicate 5 10.9450
Replicate 6 8.9700
Replicate 7 9.7810
Replicate 8 8.7530
Mean Average(B7..B14) 9.8304
Std. Dev. STDEV(B7..B14) 0.7624
LOD (t-value)*(B16) 2.2871
LOQ 10*B16 7.6238
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Table7: Calculation of LOD and LOQ for a-Chloordane

Column A Column B

Analyte a-Chloordane Pesticides
Spike Conc. 10
Units ppb
Replicate 1 10.9840
Replicate 2 9.5610
Replicate 3 8.7520
Replicate 4 9.7260
Replicate 5 10.8630
Replicate 6 11.0510
Replicate 7 10.8860
Replicate 8 9.7640
Mean Average(B7..B14) 10.1984
Std. Dev. STDEV(B7..B14) 0.8593
LOD (t-value)*(B16) 2.5779
LoQ 10*B16 8.5930

Table8: Calculation of LOD and LOQ for Dieldrin

Column A Column B

Analyte Dieldrin Pesticides
Spike Conc. 10
Units ppb
Replicate 1 11.0150
Replicate 2 10.9870
Replicate 3 11.2050
Replicate 4 9.8520
Replicate 5 10.8610
Replicate 6 9.6480
Replicate 7 9.2870
Replicate 8 10.9350
Mean Average(B7..B14) 10.4738
Std. Dev. STDEV(B7..B14) 0.7493
LOD (t-value)*(B16) 2.2480
LOQ 10*B16 7.4935
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Table9: Calculation of LOD and LOQ for Endrin

Column A Column B

Analyte Endrin Pesticides
Spike Conc. 10
Units ppb
Replicate 1 10.5240
Replicate 2 10.2680
Replicate 3 9.8460
Replicate 4 10.8320
Replicate 5 9.8870
Replicate 6 9.7630
Replicate 7 10.8710
Replicate 8 8.9530
Mean Average(B7..B14) 10.1180
Std. Dev. STDEV(B7..B14) 0.6408
LOD (t-value)*(B16) 1.9225
LoQ 10*B16 6.4084

Table10: Calculation of LOD and LOQ for Methoxychlor

Column A Column B

Analyte Methoxychlor Pesticides
Spike Conc. 10
Units ppb
Replicate 1 12.0640
Replicate 2 11.7830
Replicate 3 11.3520
Replicate 4 10.9860
Replicate 5 10.6830
Replicate 6 12.1530
Replicate 7 11.8710
Replicate 8 10.8920
Mean Average(B7..B14) 11.4730
Std. Dev. STDEV(B7..B14) 0.5707
LOD (t-value)*(B16) 1.7120
LOQ 10*B16 5.7067
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8.7 Appendix 7: Results for OCPs concentration in local vegetables and fruit

Table 1: OCPs concentration in local cucumber

cucumber
washed unwashed
OCPs Farm#649 Farm#953 Farm#649 Farm#953
a-BHC <LOg | <LOQ =<LO0Q) =<LO0Q) =100 =<LO0Q) =<LO0Q) =<LO0Q) =<LO0 =<LO0Q) =<LO0Q) L0
b-BEHC <LOg | <LOQ =<LO0Q) =<LO0Q) =100 =<LO0Q) =<LO0Q) =<LO0Q) =<LO0 =<LO0Q) =<LO0Q) L0
Heptachlor <LOg | <LOQ =<LO0Q) =<LO0Q) =100 =<LO0Q) =<LO0Q) =<LO0Q) =<LO0 =<LO0Q) =<LO0Q) L0
Aldnn <LOg | <LOQ =<LO0Q) =<LO0Q) =100 1092 =<LO0Q) =<LO0Q) =<LO0 =<LO0Q) 17.64 =<LO0Q)

g-Chlordane <LOGQ | <LOQ =100 =100 =LOQ =100 =100 =100 =LO0Q =100 =100 =L0OQ
Endosulfanel | <LOQ | <LOQ =100 =100 =LOQ =100 =100 =100 =LO0Q =100 =100 =L0OQ
a-Chlordane <LOGQ | <LOQ =100 =100 =LOQ =100 =100 =100 =LO0Q =100 =100 =L0OQ
Dieldrin <LOGQ | <LOQ =100 =100 =LOQ =100 =100 =100 =LO0Q =100 =100 =L0OQ
Endrin <LOGQ | <LOQ =100 =100 =LOQ =100 =100 =100 =LO0Q =100 =100 =L0OQ
Methoxychlor | <L0OQ | <L0OQ =100 =100 Lo =100 =100 =100 =L.OG =100 =100 =LOQ
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Table 2: OCPs concentration in local tomatoes

Tomatoes
washed unwashed
OCPs Farm#197 Farm#953 Farm#241 Farm#197 Farm#953 Farm#241
a-BEHC =<LO0Q) =LO0Q =<LO0Q <LO0Q =<LO0Q) =<LO0Q) =<LO0Q) =<LO0Q) =<LO0Q) =<LO0Q) =<LO0Q) =LO0Q
b-EHC =<LO0Q) =LO0Q =<LO0Q <LO0Q =<LO0Q) =<LO0Q) =<LO0Q) =<LO0Q) =<LO0Q) =<LO0Q) =<LO0Q) =LO0Q
Heptachlor =<LO0Q) =LO0Q =<LO0Q <LO0Q =<LO0Q) =<LO0Q) =<LO0Q) =<LO0Q) =<LO0Q) =<LO0Q) =<LO0Q) =LO0Q
Aldrnin =<LO0Q) =LO0Q =<LO0Q <LO0Q =<LO0Q) =<LO0Q) =<LO0Q) =<LO0Q) =<LO0Q) 7.06 1199 =LO0Q

g-Chlordane =100 =L.0OQ =100 <LOQ =100 =100 =100 =100 =100 =L.0Q =L0O0) =L0O0Q)
Endosulfane I =LOQ <LOQ <LOQ =<L0OQ =L0OQ =LOQ =LOQ =LOQ =LOQ =L0OQ =LO0Q) =L
a-Chlordane =100 =L.0OQ =100 <LOQ =100 =100 =100 =100 =100 =L.0Q =L0O0) =L0O0Q)
Dieldrin =L0OQ <LOQ <LO0Q <LOQ =L.0OQ =L0OQ =L0OQ =L0OQ =L0OQ <L.0OQ =L0OQ =L0OQ
Endrin =100 =L.0OQ =100 <LOQ =100 =100 =100 =100 =100 =L.0Q =L0O0) =L0O0Q)
Methoxychlor | <LOQ =1.O0Q =1.00) <LO0 =10 =100 =100 =100 =100 =1.0Q =LOQ =LOQ
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Table 3: OCPs concentration in local parsley

Parsley
washed unwashed
OCPs Farm#224 | Farm#9263 | Farm#696 | Farm#1224 | Farm#260 | Farm#224 | Farm#%963 | Farm#696 | Farm#1224 | Farm#260
a-BHC =<LO0Q =<LO0Q =<LO0Q =<LO0Q) =LO0Q =<LO0Q =LO0Q =<LOQ =<LO0Q =<LO0Q
b-BEHC =<LO0Q =<LO0Q =<LO0Q =<LO0Q) =LO0Q =<LO0Q =LO0Q =<LOQ =<LO0Q =<LO0Q
Heptachlor 1711 =LO0Q 3356 3184 3314 2275 2420 2852 2510 =LO0Q
Aldnn =<LO0Q 1121 1300 3.81 =LO0Q 220 1401 3.84 =<LO0Q =<LO0Q
g-Chlordane 2203 1337 10.59 1816 1463 12.06 1517 244 12.00 19045
Endosulfane I 1354 10.83 3643 3224 T6.72 14 84 17.77 1858 1208 17.55
a-Chlordane =<LO0Q =<LO0Q =<LO0Q =<LO0Q) =LO0Q =<LO0Q =LO0Q =<LOQ =<LO0Q =<LO0Q
Dieldrin <L) L0 L0 6.34 <L0O0Q <LO0Q L0 2304 <L) <100
Endrin 725 8§74 723 707 7172 217 6.76 774 692 =LO0Q
Methoxvchlor 1095 1132 1827 1431 <LOQ 1282 18.76 061 1797 1850
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Table 4: OCPs concentration in local watercress

Watercress
washed unwashed
OCPs MpEfarm | Farm#576 | Farm#963 | Farm#183 | Farm#701 | MoE farm | Farm# 576 | Farm#963 | Farm#183 | Farm#701
a-BHC <LOQ <LO0Q <100 <100 <100 <LOQ <100 <LOG <100 =LOQ
b-EHC <L0OG <LO0Q <100 <100 <100 <100 <LO0 <L0O0 <LO0 =L0OQ
Heptachlor 1286 5343 30.52 20.11 37.86 17.11 2251 3373 16.43 2421
Aldrin 0322 10.17 <L0OQ 1957 18.76 <100 <LO0 <L0O0 <LO0 =L0OQ
g-Chlordane 002 802 4.81 13.50 43.15 16.24 16.67 478 432 30.51
Endosulfane | <L0OG <LO0Q <100 023 <100 <100 <LO0 <L0O0 10.10 =L0OQ
a-Chlordane 16.61 11.33 1519 17.20 20097 12.57 20.63 32.14 45.88 2456
Dieldrin 14.02 10.61 643 1443 643 10.93 16.17 400 778 =L0OQ
Endnin <L0OG <LO0Q <100 <100 <100 <100 <LO0 6.67 <LO0 755
Methoxvchlor <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ 15.16 7.16
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Table 5: OCPs concentration in local strawberries

Strawberries
washed unwashed
OCPs Farm#301 Farm#1223 Farm#301 Farm#1223
a-BHC <10Q | <10Q | <10Q | <10Q | <10Q | <10Q | <10Q | <L0Q | <10Q | <100 | <t0Q | <10Q | <toQ | <LOQ
b-BHC <10Q | <L0Q | <L0Q | <L0Q | <10Q | <LoQ | <LoQ | <Log | <10Q | <10Q | <toQ | <10Q | <LoQ | <LOQ
Heptachlor <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <L0OQ | <L0OQ | <LOQ | <LO0Q <100 <LO0Q =L.0O0) <L <L
Aldnn <LOQ | <LOQ | <LOQ | <LOoQ | <L0OQ | <LOQ | <L0Q | <LOQ | <LOQ L0 <LO0Q <LO0) 1083 1734

sChlordane | <LOQ | <L0Q | <100 | <LoQ | <L0Q | <100 | <LoQ | <toQ | <LoQ | <1og | <1oQ | <1oQ | <1og | <LoQ
Endosulfanel | <LOQ | <L0Q | <L0Q | <10Q | <10Q | <100 | <LoQ | <10Q | <Log | <10Q | <1oQ | <100 | <1oQ | <L0Q
a-Chlordane | <1L0OQ | <LOQ | <L0Q | <L0Q | <LoQ | <L0Q | <LoQ | <1oQ | <Log | <10Q | <1ogQ | <toQ | <1tog | <LoQ
Dieldrin <10Q | <1L0Q | <1L0Q | <10Q | <L0Q | <L0oQ | <10Q | <10Q | <10Q | <10Q | <10Q | <10Q | <10Q | <10Q
Endrin <10Q | <LOQ | <L0Q | <1L0Q | <LoQ | <LoQ | <L0Q | <L0Q | <1L0Q | <10Q | <log | <1oQ | <1oQ | <LoQ
Methoxvehlor | <L0Q | <10Q | <100 | <1og | <10Q | <10Q | <100 | <100 | <L0og | <1oQ | <1og | <100 | <tog | <1LoQ
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8.8  Appendix 8: Results for OCPs concentration in imported vegetables and fruit

Table 1: OCPs concentration in imported cucumber

cucumber
washed unwashed
OCPs KSA UAE KSA TUAE
a-BHC <L0Q | <L0Q | <LOQ | <L0Q | <L0Q | <L0Q | <L0Q | <L0Q | <L0Q | <L0Q | <LoQ | <L0Q | <L0Q | <LOQ | <LOQ
b-BHC <L0Q | <L0Q | <LOQ | <LOQ | <LOQ | <L0Q | <L0Q | <L0Q | <L0Q | <L0Q | <LoQ | <L0Q | <L0Q | <LOQ | <LOQ
Heptachlor <L0Q | <L0OQ | <LOQ 1730 | <LOQ | 3199 | <LOQ | 4349 [ 3183 31.60 1602 | <LOQ | 1237 | 1628 1963
Aldrin <LOQ | 7.60 11.79 10.30 743 <LOQ | <LOQ | <LOQ [ <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <L0OQ | 1844
2-Chlordane <L0Q | <L0Q | <LOQ | <L0Q | <LOQ | <L0Q | <L0Q | <L0Q | <L0Q | <L0Q | <LOQ | <L0Q | <L0Q | <LOQ | <LOQ
EndosulfansI | <LOQ | <LOQ | <L0Q | <L0Q | <L0Q | <LOQ | <L0Q | <L0Q | <L0Q | <L0Q | <L0Q | <L0Q | <LOQ | <LOQ | <L0Q
a-Chlordane <L0Q | <LOQ | <LOQ [ <LOQ | <LOQ | <LOQ | <LOQ [ <LOQ | <LOQ | <L0OQ | <LOQ | <L0Q [ <LOQ | <L0OQ | <LOQ
Dieldrin <10Q | <L0Q | <L0Q | <L0Q | <L0Q | <L0Q | <100 | <L0Q | <L0Q | <L0Q | <LoQ | <L0Q | <L0Q | <L0oQ | <L0Q
Endrn <L0OQ | <LOQ | <LOQ | <LOQ | <LOQ | E.18 731 2E7 7.00 <LOQ | <LOQ | <LOQ | 682 =<L0Q | <L0OQ
Methoxvehlor | <100 | <10Q | <100 | <100 | <100 | <100 | <100 | <100 | <100 | <100 | <100 | <100 | <100 | <100 | <1L0Q
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Table 2: OCPs concentration in imported tomatoes

Tomatoes
washed unwashed
OCPs Jordon Spain Jordon Spain
a-BHC <LO0 <L0O0 <LO0 <LOQ | <LOQ | <LOQ | <L0OQ <100 | <LOQ | <L0OQ <L0O0 <LO0
b-BHC =LO0Q =100 =L0O0Q <LOQ | <LOQ | <LOQ | <L0OQ =L0OQ | <LOQ | <L0O0 =L0O0 =L0O0Q
Heptachlor < L0 3435 2497 26.54 1625 2512 3263 17.79 5207 4214 1671 37.16
Aldnn <LO0) 11.70 002 <LOQ | <LOQ 097 <L0O0 17.30 <LO0) 048 24 54 408

s-Chlordane | <10Q | <10Q | «10Q | <10Q| <100 | <10Q| <t0Q | 810 | <toQ | <10Q | <toQ | =<10Q
Endosulfanel | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <L0Q | <LoQ | <LoQ | <LOQ
a-Chlordane | <LOQ | <LOQ | <LOQ | <LoQ | <LOQ | <LOQ | <LOQ | <LOQ | <L0Q | <LoQ | <LoQ | <LOQ
Dieldrin <10Q | <LoQ | <10Q | <10Q| <10Q | <toQ| <1o0Q | 1329 | <10Q | <LoQ | <LOQ | <LOQ
Endrin <10Q | <LoQ | <LOQ | 6.80 658 | <LoQ | <LOQ | 640 742 | <Log | <1oQ | <LOQ
Methoxyehlor | <10Q | <LoQ | <1oQ | <100 | <100 | <tog| <100 | <tog | <tog | <tog | <1og | <LoQ
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Table 3: OCPs concentration in imported potatoes

Potatoes
washed unwashed
OCPs Egypt
a-BHC <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
b-BHC <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Heptachlor 19.09 11.52 17.89 14.80 42.31 24.17
Aldrin <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
g-Chlordane <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Endosulfane | <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
a-Chlordane <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Dieldrin <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Endrin 6.91 6.45 6.86 7.36 6.55 7.39
Methoxychlor <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
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Table 4: OCPs concentration in imported parsley

Parsley
washed unwashed
OCPs ESA Lebanon EKSA Lebanon
a-BHC <LOQ | <LOQ | <LOQ | <LOQ | <L0OQ | <LOQ =LO0Q <LOQ | <LOQ <[00 | <LOQ | <LOQ | <LOQ | <LOQ
b-BEHC <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <L0OQ =LO0Q <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ
Heptachlor 5534 4253 27.10 474 | 3678 63 .60 23.00 43.53 2366 <LOQ | 36.23 37.37 3010 [ 2038
Aldnn <LOQ | <LOQ | <LOQ | <LOQ | <L0OQ | <LOQ 2761 <LOQ | <LOQ ZLOQ | <LOQ | <LOQ | <LOQ | <LOQ
g-Chlordane 7.10 2759 | <LOQ 1042 6.99 =<LO0Q =<LO0Q <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <L0OQ
Endosulfane I 2504 2231 | <LOQ 3970 | 1669 [ <LOQ =<LO0Q <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <L0OQ
a-Chlordane 4303 2331 | <LOQ 11.31 1440 | <LOQ =<LO0Q <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <L0OQ
Dieldrin <LO0Q 1024 | <LOQ 2440 | 1933 =<LO0Q =<LO0Q <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <L0OQ
Endnn 772 008 =<LO0Q 6.68 <LOQ | <L0OQ =<LO0Q <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <LOQ | <L0OQ

Methoxvchlor | 22.06 2660 | <100 | <T0OQ | 1799 | <10Q | <L0Q | <1.0Q | <100 | <100 | <IOoQ [ <ILOoQ [ <100 | <1L0Q
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Table 5: OCPs concentration in imported watercress

watercress
washed unwashed
OCPs ES5A
a-BHC =L.0O0 =L.0Q =L.0Q =L0O0Q =<L0O0) <100 =LO0Q =LO0Q =L0O0Q =L.0O0
b-BHC <10Q | <LoQ | <LoQ | <LoQ | <LoQ | <LoQ | <LoQ | <LoQ | <LOQ | <LOQ
Heptachlor 37.03 12 66 =<L00 15391 1252 <100 <LO0) 1323 06.07 1907
Aldrin =00 =10Q =10Q <L0O0Q <L0O0 <100 =LO0 =LO0 =L00Q =L00
g-Chlordane =L.0OQ) =L0O0Q =L0O0Q =L0OQ =L0O0Q) =LO0) <LOQ <LOQ <L0OQ) <L0OQ
Endozulfane I =L00Q =100 =100 <LO0Q <L0O0Q <L0O0Q =LO0Q =LO0Q =L00Q =L0O0Q
a-Chlordane <L00 =00 =00 <LO0 <L0O0 <100 <LO0 1320 1341 17.76
Dieldrin =L.0O0 =L.0Q =L.0Q =L0O0Q =<L0O0) <100 =LO0Q 1407 1411 1814
Endnn <100 =L0O0 =L0O0 <LO0Q <LOGQ <LO0Q < L0 0.19 738 641
Methoxwvchlor =LO0Q =LO0Q =LO0Q <LO0Q ZLOQ <LO0 =LOQ =LOQ =LOQ =LO0Q
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Table 6: OCPs concentration in imported strawberries

Strawberries
washed unwashed
OCPs Egvpt
a-BHC =LO0 =LO0 =L0O0Q =L00 <L0O0Q <100
b-BHC =LOQ =LOQ Lo =LOQ =LO0Q =LO0)
Heptachlor 2200 17.64 1568 1608 144 35 1338
Aldnn <LO0 <LO0 <L0O0 <L0O0 <LO0 <100
g-Chlordane <LOQ <LOQ 7.71 <L0OQ =L0Q =L0OQ
Endosulfane <L0Q | <LoQ | <LoQ | <LOQ <100 <LOQ
a-Chlordane 2034 204 21.13 13635 1129 13.56
Dieldrin 16 .87 087 2141 1527 086 16.69
Endrin <LOQ 6.53 <L0Q | <LOQ <LO0 783
Methoxvchlor =LOQ =LOQ =L0O0Q =LO0 <LO0Q <LO0
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Table 7: OCPs concentration in imported lemon

Lemon
washed unwashed
OCPs Turkey
a-BHC <10 <100 <L0O0Q <100 <100 <L0O0Q
b-EHC =LO0) <100 <L0O0Q =100 =100 =100
Heptachlor 37.83 39.67 1230 <L0OQ 1571 19.90
Aldrin <L) aele] <LOQ <100 225 <L0OQ
g-Chlordane =L.0O0) <L) L0 =100 =L0O0) 058
Endosulfane I =L0Q <10Q <L0OQ Ae] <1L0Q 831
a-Chlordane 10.68 g.54 6.72 6.65 6.00 6.14
Dieldrin <10 <100 <L0O0Q <100 <100 <L0O0Q
Endrin =L0Q <1L0Q <L0OQ <1L0Q <1L0Q <L0Q
Methoxvchlor =LO0) <100 =L =L0O0) =L0O0) =L0O0)
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8.9 Appendix 9: MRLs Results for OCPs concentration in local vegetables and fruit.

cucumber
washed unwashed
OCPs Farm#649 Farm#953 Farm#649 Farm#953
a-BHC =MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL
b-BEHC <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL
Heptachlor <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL 1963 3308 | «MEL | <MEL | <MEL
Aldrin <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL
g-Chlordane <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL
Endozulfane I <MEL | <MEL | <MEL | <MEL | «<MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL
a-Chlordane <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL
Dieldrin =MEL | <MEL | =MEL | =MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL
Endnn <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL
Methoxvchlor <MEL | <MEL [ <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL [ <MEL
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Tomatoes
washed unwashed
OCPs Farm#197 Farm#953 Farm#241 Farm#197 Farm#953 Farm#2141
a-BHC <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL =MEL =MEL <MEL
b-EHC <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | =MEL <MEL =MEL <MEL
Heptachlor =MEL | <MEL | =MEL | <MEL | <MEL | =MEL | =MEL | <MEL | =MEL =MEL =MEL <MEL
Aldrin <MEL | <MEL | =<MEL | <MEL | <MEL | <MEL | <MEL | <MEL | =<MEL <MEL =MEL <MMEL
g-Chlordane =MEL | <MEL | <MEL | «<MEL | <MEL | <MEL | =<MEL | <MEL | =MEL =MEL =MEL =MRL
Endosulfanel | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL <MEL “MEL <MEL
a-Chlordane <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | =MEL <MEL =MEL <MMEL
Dieldrin =MEL | <MEL | =MEL | <MEL | <MEL | <MEL | <MEL | <MEL | =<MEL =MEL =MEL <MMEL
Endnn <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | =MEL <MEL =MEL <MEL
Methoxvchlor | =MEL | <MEL | =MEL | <MEL | <MEL | <MEL | =MEL | <MEL [ =MEL =MEL =MEL <MEL
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Parsley

washed unwashed

OCPs Farm#114 | Farm#263} | Farm#690 | Farm#1224 | Farm#260 | Farm#224 | Farm#263 | Farm#6%96 | Farm#1224 | Farm#260
a-BHC <MEL <MEL =<MEL <MEL <MEL <MEL <MEL <MEL <MEL =MEL
b-BHC <MEL <MEL =MEL <MEL <MEL <MEL <MEL <MEL 1080 <MEL
Heptachlor 17.11 <MMEL 3356 31.84 33.14 2275 2420 2852 2510 <MEL
Aldrin <MEL <MEL 1300 <MEL <MEL <MEL <MEL <MEL <MEL “MEL
g-Chlordane 2203 <MEL 10.59 <MEL <MEL <MEL <MEL <MEL <MEL <MEL
Endosulfane I 13234 109 .83 3643 3224 76.72 14684 17577 0% 58 5208 71.55
a-Chlordane <MEL <MEL =MEL <MEL <MEL <MEL <MEL <MEL <MEL <MEL
Dieldnn <MEL <MMEL =MEL <MEL <MEL <MEL <MEL 23.04 <MEL <MEL
Endrn “<MEL <MEL <MEL “<MEL =MEL =MEL =ZMEL <MEL “<MEL =MEL
Methoxwvchlor 1095 1132 4827 1431 “MEL 12.82 18.76 <MEL o797 J8.50
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Watercress
washed unwashed
OCPs MoE farm | Farm# 576 | Farm#963 | Farm#183 | Farm#701 | MoE farm | Farm#576 | Farm#963 | Farm#183 | Farm#701
a-BHC =MEL =MEL =MEL =MEL =MEL =MEL =MEL =MEL =MEL =MEL
b-EHC =MEL =MEL =MEL <MEL <MEL =MRL =MRL =MEL =MEL <MEL
Heptachlor 18.86 3343 30452 202.11 370.26 176.11 22051 330.73 163143 24121
Aldnn =MEL =MEL =MEL =MEL =MEL =MRL =MRL =MEL =MEL <MEL
g-Chlordane =MEL =MEL =MEL =MEL 43.13 =MEL =MEL =MEL =MEL 30.51
Endosulfane I =MEL =MEL =MEL <MEL <MEL =MRL =MRL =MEL 10.10 <MEL
a-Chlordane 12.61 11.35 2529 17.20 2097 16.57 20.63 32.14 45 88 2456
Dieldrin 14.02 10.61 =MEL 1445 =MEL 10.93 16.17 =MEL =MEL =MEL
Endrin =MEL =MEL =MEL <MEL <MEL =MEL =MEL =MEL =MEL <MEL
Methoxychlor =MEL =MEL =MEL <MEL <MEL =MEL =MEL =MEL =MEL <MEL
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Strawberries

washed unwashed
OCPs Farm#301 Farm#1223 Farm#301 Farm#1223
a-BHC =MEL | <MEL [ <MEL =MEL | <MEL | =MEL =MEL | <MEL | =MEL | =MEL | <MEL | <MEL | =MEL | <MEL
h-BEHC <MEL | <MEL | <MEL <MEL | <MEL | =MEL “MEIL | <MEL | <MEL | =MEL | <MEL | <MEL | =MEL | <MEL
Heptachlor =MEL 2475 | =MEL 26.13 <MEL | =MEL <MEL | <MEL | =MEL | =MEL | <MEL | =MEL | =<MEL | <MEL
Aldrin =MEL | <MEL [ <MEL =MEL | <MERL | =MEL <MEL | <MEL | =MEL | =MEL | <MEL | =MEL | =<MEL | <MEL

g-Chlordane =MBL | =MEL | =MEL | =<MEL | <MEL | <MRL [ =MREL | <MEL | =MEL | =MEL | <MRL | <MEL | <MEL [ =MEL

Endosulfane I =MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | =MEL | <MEL | <MERL | <MEL | <MEL [ <MEL

a-Chlordane =MEBEL | <sMEL | <MEL | <MEL | <MEL | <MREL | <MEL | <MEL | =MEL | =MEL | <MEL | <MEL | <MEL [ <MEL

Dieldrin =MEL | <MBL [ <MBL | <MEL | <MEL | <MEL MBI | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL | <MEL

Endnn =MEL | <MEL [ «MEL | =<MEL | <MEL | <MRL | =MEL | <MEL | =MEL | =MEL | <MRL | <MEL | <MEL [ =MEL

Methoxvehlor | <MRL | <MBL | <MBL | <MEL | <MRL | <MEL | <MRL | <MEL | =MEL | =MEL | <MEL | <MEL | =MEL | <MEL
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8.10 Appendix 10: T-test analysis results.

Tablel: Pair-difference t-test for the imported cucumber in the presence of methoxychlor residue.

Cucumber t-Test: Paired Two Sample for Means
Methoxychlor
washed unwashed Variable 1 Variable 2
0.609 3.570 Mean 1.08115632159 1.992164781
0.554 2.996 WVariance 0. 703026976 1458152148
1.219 1.682 Observations 6 6
1.756 0.912 Pearson Correlation -0.849037029
0.051 2.349 Hvpothesized Mean Difference 0
2,298 0.443 Qg 5
t Stat -1.132801353
not significant P(T==t) one-tail 0.15433884
t Critical one-tail 2015048372
P(T<=t) two-tail 0.308677679
t Critical two-tail 2570581835
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Table2: Pair-difference t-test for the imported tomatoes in the presence of heptachlor residue.

t-Test: Paired Two Sample for Means

Variable 1

Variable 2

Tomatoes
Heptachlor
washed unwashed

34.349 17.792
24.972 52.065
26.535 42137
16.254 16.713
25118 37158

not significant

MhMean

Variance
Observations
Pearson Correlation
Hypothesized Mean Difference
df

t Stat

P(T==t) one-tail

t Critical one-tail
P(T<==t) two-tail

t Critical two-tail

25.44545364
41.31912733

5
0.034783793

0

4
-1.04284439
0.177949245
2.131846782
0.355898491
2.776445105

33.17301575
240.1573809

2
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Table3: Pair-difference t-test for the imported potatoes in the presence of heptachlor residue.

Potatoes

Heptachlor

t-Test: Paired Two Sample for Means

washed unwashed

Fariable 1

Variable 2

15.095 14,7599

11.522 42306

17.893 24.166

not significant

Mhean

Variance
Observations
Pearson Correlation
Hvpothesized Mean Difference
df

t Stat

P(T==t) one-tail

t Critical one-tail
P(T==t) two-tail

t Critical two-tail

16.16551528
16.5627588

3
-0.981380043
]

A

i

-1.051055367
0201746447
251558558
0.403452853
4.30265273

27.05017314
195.570338%
3
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Table4: Pair-difference t-test for the imported potatoes in the presence of methoxychlor residue.

Potatoes

g-Chlordane

t-Test: Paired Two Sample for Means

Variable 1

Variable 2

washed unwashed
6.279 6.165
4938 4907
5176 5113

Mean
Warlance
Observations

not significant

Pearson Correlation
Hypothesized Mean Difference
df

t Stat

P(T<=t) one-tail

t Critical one-tail

P(T<==t) two-tail

t Critical two-tail

5464341653
0.511678985
3
0.555885869
]

a4

L

2 880370745
0.051179348
2.91998558
0.102358696
430265273

5.395115635
0455607976
3
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Table5: Pair-difference t-test for the imported potatoes in the presence of endrin residue.

t-Test: Paired Two Sample for Means

Fariable 1

Fariable 2

Potatoes
Endrin
washed unwashed
6.912 7.360
6.445 6.549
6.859 7.385

not significant

Mean

Variance
Observations
Pearson Correlation
Hvpothesized Mean Difference
df

t Stat

P(T==t) one-tail

t Critical one-tail
P(T==t) two-tail

t Critical two-tail

6.738782609
0.065278775
3
0.991580478
0

A

i

-2. 76363383
0.054892989
2.51558558
0.109785978
430265273

7.098076142
0.226654087
3
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Table6: Pair-difference t-test for the imported cucumber in the presence of a-chlordane residue.

Watercress

a-Chlordane

washed

unwashed

t-Test: Paired Two Sample for
MMeans

4 885

13,890

Variable 1

Variable 2

4.786

13.412

4857

17.760

significant

hean

Warlance

Observations

Pearson Correlation
Hypothesized Mean Difference
df

t Stat

P(T==t) one-tail
t Critical one-tail
P(T==t) two-tail
t Critical two-tail

4. B42234663
0.002601217
3
0340016408
0

~

i

7446546606
0.008775233
251558558
0.017558465
430265273

15.0206741
568446544
3
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Table7: Pair-difference t-test for the imported Strawberries in the presence dieldrin residue.

Strawberries

Dieldrin

t-Test: Paired Two Sample for Means

washed unwashed

Variable 1

Variable 2

15.868 15.269

5.866 5564

21.413 16.691

not significant

Mean

Variance
Observations
Pearson Correlation
Hvpothesized Mean Difference
df

t Stat

P(T==t) one-tail

t Critical one-tail
P(T==t) two-tail

t Critical two-tail

16.04506622
33.83864853
3
0.979538107
0

A

i

1.5206375
0.133866655
2.91558558
0.26773331

430265273

13.94140543
12.97586416
3
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Table8: Pair-difference t-test for the imported Strawberries in the presence g-chlordane residue.

Lemon

g-Chlordane

t-Test: Paired Two Sample for Means

washed unwashed

Variable 1

Variable 2

4 288

5.987

5.751

5.037

65.472

9585

not significant

Mean

WVariance
Observations
Pearson Correlation
Hvpothesized Mean Difference
df

t Stat

P(T==t) one-tail

t Critical one-tail
P(T==t) two-tail

t Critical two-tail

5.837025806
1.820023672
3
0.21864651
0

a4

i

-0.720515108
0.27301%942%
251558558
0.546038858
430265273

6.86547779
5.755085471
3
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Table9: Pair-difference t-test for the imported lemon in the presence of a-chlordane residue.

Lemon

a-Chlordane

t-Test: Paired Two Sample for
Means

Fariable 1

Fariable 2

washed | unwashed
10.682 6.651
8.536 6.000
6.716 6.138

not significant

Mean

Variance
Observations
Pearson Correlation
Hvpothesized Mean Difference
df

t Stat

P(T<=t) one-tail

t Critical one-tail
P(T==t) two-tail

t Critical two-tail

5.644634438
3.942144711

3
D.778676385

2.38202452
D.07006363
2.91558558
0.140127271
430265273

0
2
2
5

6.262766518
0.117534556
3
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Tablel0: Pair-difference t-test for the imported lemon in the presence of methoxychlor residue.

Lemon

Methoxychlor

t-Test: Paired Two Sample for
Means

washed unwashed

Fariable 1

Variable 2

0.580 0.096

1.440 0.314

1.616 0.033

not significant

Mean

Variance
Observations
Pearson Correlation
Hyvpothesized Mean Difference
df

t Stat

P(T==t) one-tail

t Critical one-tail
P(T==t) two-tail

t Critical two-tail

1.2115913653

0.306812804 0.021756221

3
0.147620081
0

A

i

3.340057874
0.035571408
2.915598558
0.079142816
430265273

0.14785415

3
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