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Abstract

The wide spectrum properties and benefits of some pesticides compounds have made them
to be used in agriculture and livestock extensively. This has caused increasing the chances of
accumulation in animal tissues and its products and raises in turn their negative health effects on
consumers. Regarding animal product such as meat, the risk assessments of pesticides residues
are based on residues levels in uncooked meat; even though, a large proportion of meat is either
cooked or processed before consumption. Detection and quantification of pesticide multiresidues
in complex matrices like meat and fat samples require a multistep procedure and should be
validated in accordance of European Commission regulatory for analytical quality control and
analysis of food and food products.

This project was designed to develop a method for detection and quantification of six
pesticides in the muscle and fat tissues of cattle, sheep, and goats. Meat and fat samples were
collected in Sulaimani slaughterhouse from carcasses of animals raised from five different
districts including Darbandikhan, Said Sadiq, Arbat, Bazian, and Piramagrun.

The analysis was performed based on developed QUEChERS extraction method, including
liquid-liquid partition (LLP) and dispersive solid-phase extraction (d-SPE).The detection was
performed by using high performed liquid chromatography coupled with ultraviolet detector
(HPLC-UV), and gas chromatography coupled with mass spectrometry (GC-MS).

In this study, the effect of boiling (100°C, 30 min) and broiling (176°C, 20 min) were also
tested on the reducing level of pesticides in meat and fat samples, and the results were compared
statistically. Finally, HPLC-UV and GC-MS performances were compared.

In HPLC and GC analysis, acceptable recovery of all analytes were obtained at

concentration levels from 0.01 to 0.1 mg/kg for four different spiking levels in meat and fat



samples. In HPLC analysis, responses were validated in correlation coefficients (r?) of > 0.9998
for meat and fat samples. Limits of detection values ranged from 0.003 to 0.013 and 0.003 to
0.016 mg/kg for meat and fat samples, respectively, and the limits of quantification values
ranged from 0.011 to 0.039 and 0.010 to 0.048 mg/ kg for meat and fat samples respectively. The
recoveries values that obtained for all spiked levels of the studied pesticides ranged between
78.08 to 101% and 77.3 to 106.2 % for meat and fat samples respectively, with relative standard
deviation (RSD) of 0.5 to 15.7 % for meat and 0.2 to 12.9 % for fat samples.

In GC analysis the responses were validated at correlation coefficients (r?) of > 0.9997 for
meat and fat samples. Limits of detection and quantification values ranged from 0.004 to 0.014
and 0.012 to 0.043 mg/kg for meat and 0.0052 to 0.014, and 0.015 to 0.044 mg/ kg for fat
samples, respectively. The obtained recoveries values ranged between 79.2 to 104.3% with
acceptable RSD of 0.32 t014.6% for meat samples. Similarly, for fat samples the recoveries
values ranged from 81.5 to 98.6 % with acceptable RSD of 0.3 to 9.3 %.

The methods developed in this study were applied successfully for 300 meat and fat
samples. The dominant pesticide residue found in cattle muscle and fat samples was
hexachlorobenzene, while deltamethrin was abundant in sheep and goats meat and fat samples.
In comparison between meat and fat samples, all pesticide residue concentrations were higher in
fat samples of cattle, sheep and goat than in meat sample of the same animals. About the
deference in the level of the studied pesticide between districts of Sulamani, the highest pesticide
residual levels found in samples of animal carcasses raised from Bazian and Piramagrun, while
the lowest residual levels found in samples collected from carcasses of animals raised in

Darbandikhan.



According to the effect of heat treatment in reducing the level of pesticide in meat and fat
samples, the effect of boiling in reducing the level of pesticides was significant (P < 0.05),
whereas broiling showed much less efficient in reducing the level of pesticides residues. In both
heating method, the highest reduction level noticed in pyrethroids, while the lowest reduction
percentages presented in organophosphorus pesticides.

In comparison between HPLC and GC analysis, statistically there were no significant
differences between the found pesticides concentrations in HPLC and GC for both meat and fat

samples; however, HPLC presented a little higher sensitivity than GC.

Vi
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Chapter One

INTRODUCTION

A pesticide is any substance, intended for destroying or controlling any pest, including
vectors of human or animal disease, nuisance pests, and unwanted species of plants or animals
causing harm or interfering with the production, processing, storage, transport, or marketing of
food, wood or animal feeding stuffs (FAO/WHO, 2016).

Pesticides have been classified based on numerous criteria, considering their targeted pest
including insecticides, acaricides, bactericides, herbicides, fungicides, rodenticides, nematicides,
molluscicides, avicides and algaecides (USEPA, 2018, Zhang et al., 2015); however, the most
common classification are based on their chemical structure (i.e., pyrethroids, organochlorines,
organophosphorus, carbamates, etc).

Since the discovery of the high efficient properties pesticides in the early 20" century, the
worldwide utilisation of pesticides has incredibly increased in agriculture and in veterinary
medicine, and reached to more than 5 million tons per year (FAO, 2017), and due to this
intensive use of pesticides, they reach a destination other than their target species, including non-
target species such as, air, water, as well as residues in animals tissues which might be
transferred to humans and cause toxicological risk that strongly impacts on human health and
become a major public health problem worldwide (Gyenwali et al., 2017).

Pesticides of Organochlorines (OCPs), Oranophosphoruses (OPPs) are used in agriculture
and Pyrethroids (PYRs) used in veterinary medicine and agriculture. Thus, fruit and vegetables,
and animal products such as, meat, fish and dairy product have been identified at the primary
immediate intake route of pesticides in general population, and since humans occupy the peak of

food pyramid, the residue accumulation is more in them (Singh et al., 2017).



It has been announced that most of pesticides are potential carcinogenic compounds
(NCCP, 2015), endocrine disruptors, and cause of birth defects, reproductive failure and sterility,
deformations in fetuses, allergies, acute intoxications and even death (Ventura et al., 2016,
Upadhayay et al., 2020). Therefore, to ensure food safety the European Community established
Maximum Residue Levels (MRLs), which is the highest level of any pesticide and its derivatives
and metabolites residue that is legally tolerated in food or feed (Codex Alimentarius, 2015).

Since red meat is one of the main components in human diet and it is an excellent source of
protein and zinc, it is commonly used by consumers in very different types of food. Lean meat
has a different level of fat according to the type of animal (cattle, sheep, goat) which is
considered as 10-15% (Williamson et al., 2005); therefore, there is need for regular screening of
meat and meat products for pesticide residues which is being felt in the trade and also
consumers’ level.

Due to the low levels of pesticides in food samples, several techniques with a high
selectivity and detectability been developed for pesticides determination such as, gas
chromatography (GC), liquid chromatography (LC), ultra-high-performance liquid
chromatography, etc. (Zamora-Sequeira et al., 2019).

To ensure food safety, it is also significant to evaluate simple, cost effective strategies to
reduce pesticide residue concentration in the food commodities. Understandably, food processing
such as heat treatment considered as the best method at domestic and industry level to tackle the

current scenario of unsafe food.



1.1. The aims of the study

1. To detect and quantify of six highly used pesticides in sulaimani province including,
cypermethrin, deltamethrin, hexachlorobenzene, a-hexachlorocyclohexane, chlorpyrifos and
fenitrothion in muscle and fat tissues of cattle, sheep and goats.

2. To develop a multiresidue method (MRM) by optimization of extraction processes of
QUEChERS method and combined with HPLC-UV and GC-MS techniques.

3. To compare the residue levels in tissues between species (cattle, sheep, and goats), matrices
type (meat and fat tissues) and districts (Darbandikhan, Said Sadiq, Arbat, Bazian, and
Piramagrun).

4. To study the effects of boiling at 100°C for 30 min and broiling at 176°C for 20 min on the

pesticides residue levels in meat and fat tissues.



Chapter Two

LITERATURE REVIEW

2.1. Pesticides

Pesticides are any compound or mixture of substances used to kill or control pests,
including insects, rodents, fungi, unwanted plants, etc. (USEPA, 2018). Hence, pesticides can be
insecticides, rodenticides, fungicides, herbicides, etc (Jayaraj et al., 2016). By their nature,
pesticides are potentially toxic to other organisms, including humans, and need to be used safely
and disposed properly (FAO/ WHO, 2016). The broad use of pesticides leads to its accumulation
in ecosystem, which increases the possibility of their entering the food chain (Castillo et al.,
2012).

There are over 350,000 current and historic pesticide products have been registered, while
only over of 20700 pesticide items have enlisted for usage (USEPA, 2019).

Pesticides are not a modern invention, in 2500 BC; Sumerians used foul smelling sulfur
compounds on their bodies to control insects. Later, inorganic compounds (mercury and arsenic),
fumigants, oil sprays and sulfur ointments were used by Rome to control body lice (Davis,
2014).

The widespread use of natural pesticides such as nicotine, mercuric oxide, and copper
sulfate as a fungicide began in the 17" —18™ centuries in Europe (Kinkela, 2016). In the 19™
century, some researches were performed on natural compounds extracted from the roots of
some tropical vegetables, perennial plants and flowers such as Chrysanthemums, which was
coincident with rapid growth in the use of inorganic compounds (Matthews, 2018). Since that
time to the present day, tremendous activities to develop of synthetic and biological based

pesticides are continued (Lamberth et al., 2013).



2.2. Classification of pesticides

Recently, most popular classifications of pesticides are those based on the target pest
organism, application and the chemical nature of the pesticide (Yadav and Devi, 2017).
Pesticides have been classified based on target organism. The classification also based on
application requirement such as pesticides are used in agriculture, veterinary medicine, public
health, and domestic. The classification can also be based on chemical nature such as organic
and inorganic compounds. Organic compounds also include natural and synthetic compounds.
Inorganic compounds are simpler compounds, crystalline or salt-like appearance, and mostly
stable environmentally such as, ferrous sulfate, copper sulfate, mercury, etc. (Tadeo et al., 2008).
Natural pesticides are usually those derived from vegetable plants, bacteria or fungi such as
pyrethrum, rotenone, spinosad, etc, while synthetic compounds are produced artificially which
was mostly produced post-World War Il such as DDT, malation, permethrin, etc. (Mossa et al.,
2018).

Pesticides have also been classified according to their toxicity ranking, which ordered from
the lowest to highest toxicity in numbers including | through IV, being extremely toxic, highly

toxic, moderately toxic, slightly toxic, respectively (Yadav and Devi, 2017).



Researchers classified pesticides based on chemical nature as represented in table 2.1
(Kafkas et al., 2019, Lushchak et al., 2018, Jayaraj et al., 2016).

Table 2.1. Pesticides classification based on their chemical structure and sub-groups.

Groups Chemical names
1 Pyethroids AIIethri_n, Bonthrin, Dimethrin, Tetre_tmethrin, Permgthrin, Cyclethr_in
Furethrin, Fenevelerate, Alphamethrin, Cypermethrin, Deltamethrrin
Organochlorines DDT, DDD, Dicofol, Eldrin, Dieldrin, ChIorobenziat_e, Lindane,
2 Hexachlorocyclohexane, Hexachlorobenzene, Methoxychlor, Aldrin, Chlordane,
Heptaclor, Endosulfan, Isodrin, Isobenzan, Toxaphene, Chloropropylate
Dimefox, Mipafox, Parathion, Ronnel, Enitrothion, Bidrin, Phorate, Fenthion,
3 Organophosphorus Fenirothion Caumphos, Temofos, Dichlorovas, Diptrex, Phosphomidon,
Demetox, Oxydemeton-methyl, Malathion, Dimethoate, Trichlorofan,
Chlorphyrifos
Methyl: Carbaryl, Carbanolate, Prupoxur, Dimethan, Dimetilan, Isolan,
Carbofuran, Pyrolan, Aminocarb, Aldicarb
4 Carbamates Thio: Vernolate, Pebulate, Diallate, Monilate, Butylate, Cycloate, Trillate,
Thiourea
Dithio: Methan, Thiram, Ferban, Amoban, Ziram Polyran, Dithane M- 45
. Atrazine, Simazine, Ametryn, Atratone, Chlorazine, Cynazine, Cyprazine,
5 Trazines o : .
Metribuzin, Propazine, Turbutryn, Simetryn
Carbanilates: Barban, Carbetamide, Chlororprofan, Prophan, Phenyl
Urea derivatives: Fenuron, Monuron, Diuron, Flumeturon, Chloroxuron,
6 Phenyl amides Neburon,_Bromuron _ _ _
Acylanalide: Propanil, Solan, Dicryl, Karsil, Propachlor, Alachlor, Butachlor
Toluidines: Trifluralin, Dipropanil, Benefin, Oryzalin, Isopropanil, Nitralin
Acetamide: Diphenamid
2,4-D (2,4 Dichloro phenoxy acetic acid), 2,4 5 T(2,4 5 Trichloro Phenoxy
7 Phenoxy o\ .
acetic acid), Dichloroprop, Mecoprop, Sesone
8 Benzoic acid group Dicamba, Dichlorobenil, Chloroambin, Tricamba, Bromoxynil
9 Heterocyclic compounds Benzimidazole, Triazole derivatives
10 | Phtalimides Captan, Diflotan, Folpet
11 | Dipyrids Paraquat, Diaquat
12 Hydrocarbons_, ke_tones, Benzene, Toluene, Cerenox
aldehydes derivatives
13 Fluorine-containing Cryolite, Acetoprole, Dichlofluanid
compounds
14 Copper-containing Champion WP, Caocobre, Macc 80
compounds
Pentachlorophenol, Floroacetate, Phenyl mercuric acetate, Ethylmercuric
15 | Others Phosphate, Methyl mercuric chloride, Calcium arsenate, Lead arsenate,

Cacodylic acid, Aluminium phosphide, Zinc phosphide, Phenol and nitrophenol
derivatives. e.g., dinocap, dinoseb




This classification is the most common way to allocate pesticides based on their chemical
structure and sub-group or exemplifying active ingredient. The commonly applied pesticides are
in group of synthetic organic pesticides namely pyrethroids (PYRs), organochlorines (OCs),
organophosphorus (OPs), and carbamates (CARs) (Jayaraj et al., 2016), which are mostly used

in agriculture, veterinary medicine, and public health, etc. (Castillo et al., 2012).

2.2.1. Pyrethroids (PYRS)

Pyrethroids were developed as a synthetic version of the naturally occurring pesticide
pyrethrin, which extracted from flowers of pyrethrums (Chrysanthemum cinerarriaefolium and
Chrysanthemum coccinceum), and modified to increase their stability in the environment
(Gammon et al., 2019). They range from non-polar to low-polarity lipophilic compounds. Owing
to their hydrophobicity, they tend to bio-accumulate in lipid compartments, and becoming a
potential source of human exposure through foodstuffs (Ledoux, 2011).

The toxic effects of PYRs are mediated through preventing the closure of the voltage-gated
sodium channels in the axonal membranes. Hence, PYRs change the dynamics of the Na*
channels in the membrane of the nerve cell, and increase the opening time causes prolonging
sodium current across the membrane in both insects and vertebrates, and causing disrupting
nervous system (Dong et al., 2014). Other targets, particularly voltage-gated calcium and
chloride channels, have been implicated as alternative or secondary sites of action for a subset of
PYRs, which alters the activity of glutamate and acetylcholine receptors and adenosine
triphosphatases and induces DNA damage and oxidative stress in the neuronal cells (Soderlund,
2012).

PYRs are reported to be 2250 times more toxic to insect than mammals due to insects'

smaller size, lower body temperature and more sensitive sodium channels (Chrustek et al.,



2018). PYRs are mainly used to control insect pests of agriculture, horticulture, forestry and
household. PYRs are considered comparatively safe but their extensive use makes them harmful

for humans and animals (Bordoni et al., 2019).

2.2.1.1. Cypermethrin (CMT)

Cypermethrin is a highly active pyrethroid insecticide has forms of viscous yellow liquid
to a semi-solid colorless crystalline mass at ambient temperatures (Laskowski, 2002). It dissolves
in cyclohexane, ethanol, acetone, chloroform, and insoluble in water. CMT is a common use
highly active type Il synthetic pyrethroid insecticide that is chemically modified via the addition
of a-cyano group at the phenoxybenzyl alcohol moiety resulting in improving of its photo-

stability and potentiating of its toxicity (Habotta et al., 2018).

IUPAC Name (RS)-a-cyano-3 phenoxybenzyl- H
(1RS)-cis, trans-3-(2,2- Cl>:c CH, 0% 0
dichlorovinyl)- 2,2- ’ u # E0‘ @
dimethylcyclopropane carboxylate CH,

Synonym Cypermethrin cis:trans/40:60

Molecular formula  C,H19CI;NO3

Molecular weight ~ 416.3 g/mol

Stability Relatively stable in neutral and
weakly acidic media, hydrolyzed in

alkaline media. Relatively not very
stable to light in field situations.

CMT is widely used in many tropical countries, and have become more popular on the area
most severely affected by malaria (Moiroux et al., 2018). In agriculture, it is used to control
many pests, including moth and pests of cotton, fruit and vegetable crops, while in veterinary

medicine it is used as an anti-parasitic active ingredient against external parasites such as



lice, mites, fleas, flies and ticks (Akre, 2016). It is also used in public health for crack, crevice
and spot treatment to control pests in stores, warehouses, industrial buildings, houses, apartment
buildings, and in non-food areas such as schools, hospitals, and hotels (Lainsbury, 2018). When
CMT is exposed, it is poorly absorbed through the skin (Ensley, 2018). Compared to humans,
CMT is absorbed very slowly in animals due to their hair coat (Larsen et al., 2019).

CMT toxic effect is on the nervous system, which disrupts sodium ion transport through
the cell membrane and causes continuous opening of the sodium channel, which leads to the
continuous depolarization of the membrane and blocking the generation of action potentials

which strongly disrupts the transmission of nervous impulses (Nasuti et al., 2007).

2.2.1.2. Deltamethrin (DMT)
Deltamethrin is a colorless, white and light beige crystal in ambient temperature
(Stenersen, 2004). It was described for the first time in 1974 and registered by the United States

Environmental Protection Agency (USEPA) in 1994 (Ding et al., 2017).

IUPAC Name (S)-a-cyano-3-
phenoxybenzyl (1R,3R)-3-
(2,2-dibromovinyl)-2,2-
dimethylcyclopropane

carboxylate
Synonym Decamethrin
Molecular formula CyH;9Br,NO;
Molecular weight ~ 505.2 g /mol

Stability Stable on exposure to air, and stable < 190°C. More stable in acidic media

than in alkaline media.



In veterinary medicine, DMT is used to control lice, fleas, ticks, etc. (Arsenopoulos et al.,
2017), and to control vectors of malaria, such as Aedes aegyptii and Anopheles gambiae
(Kongmee et al., 2019). In agriculture, it is used to control pests in open filed area and
greenhouses such as aphids, cutworms, leafminers, etc, while in households it is used to control
spiders, ants, bed bugs, cockroaches, etc. (Sands et al., 2018). DMT can get into animals body,
through the skin, digestive and respiratory systems and, a part of it metabolized in the liver and a

part excreted in the urine (Hedges et al., 2019).

2.2.2. Organochlorines (OCs)

Organochlorines are chlorinated hydrocarbon compounds including at least a single
covalent bond of chlorine which affects the chemical behavior of the molecule (Kaushik and
Kaushik, 2007). The chloralkaline class (Alkanes with one or more hydrogens substituted by
chlorine) gives plenty structural variation and different chemical properties of OCs, which
provides a wide range of names and usage (Afful et al., 2010). The commonly used OCs
compounds in this group are DDT, methoxychlor, chlordane, dieldrin, mirex, toxaphene,
lindane, hexachlorocyclohexane and hexachlorobenzene (MacBean, 2015).

OCs are too persistent in the environment, and remains in water, soil and air for ages;
therefore, most of OCPs have been banned already (Jayaraj et al., 2016). The main way of OCs
exposure is direct contact and ingestion (Waliszewski et al., 2003). In general, the mechanism of
action of OCs insecticides is not yet fully understood, but it has been known that the mode of
action is two types; namely, DDT type and chlorinated alicyclis type. The DDT-type insecticides
inhibit the activation of sodium channels and the activation of potassium conductance, resulting
in an increased negative after-potential and prolonged action potentials. As a result, repetitive

firing and a spontaneous train of action potentials occur. The chlorinated mode of action
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involving the binding at the picrotoxinin site in the gamma-aminobutyric acid (GABA) chloride

ionophore complex, and this binding inhibits chloride flux into the nerve (Jayaraj et al., 2016).
OCs insecticides were commonly using in past, but many OCs compounds were removed

from the markets due to their health and environmental effects (Pardio et al., 2012). Two of the

commonly used OCs in agriculture are hexachlorobenzene and hexachlorocyclohexane.

2.2.2.1. Hexachlorobenzene (HCB)

Hexachlorobenzene is a white crystalline solid, sparingly dissolves in organic and
halogenated solvents such as chloroform and less soluble in esters, short chain alcohols, and
insoluble in water (Matthews, 2015). HCB was introduced as an agricultural pesticide in 1945,
and was banned for agricultural purposes in the European Union (EU) from 1981 (Matthews,
2018). It is still used as an industrial chemical and is released to the environment; hence, it has
been found in many crops, fruit and vegetables from contaminated areas (Owago et al., 2009).
HCB is distributed globally by long-range and is highly bio-accumulated in lipid-rich tissues

(Panseri et al., 2013).

IUPAC Name 1,2,3,4,5,6-hexachlorobenzene

Cl1
Synonym Hexachlorbenzol, Perchlorobenzene, Amatin -~ cl
Molecular CsClg
formula Cl Cl
Cl1
Molecular 284.8 g/mol
weight
Stability Very stable in environment, even to acids and alkalines
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The major toxic action of HCB is on the nervous system, both central and peripheral. As
this is a reversible process, HCB effects vary considerably in toxicity and have little or no
obvious effect when dosages are small.

In agriculture, HCB is mostly applied as a seed dressing and crops such as wheat, barley,
and oats to prevent growth of fungi, and used to prevent insects in grapes, lettuce, tomato, corn,

rice, sorghum and cotton (Beltiz et al., 2004).

2.2.2.2. Hexachlorocyclohexane (HCH)

Hexachlorocyclohexane is a white needles, (brown to white in o isomer) in color, synthetic
chemical exists in eight isomers (Matthews, 2015). It is a synthetic chemical that exists in
chemical forms called isomers such as a, B, v, 3, € {, n, and 6, which are named according to the
position of the hydrogen and chlorine atoms in the structure, that differ in the spatial orientation
of the carbon atoms (Bradley et al., 2016). The y-HCH has been banned, however it is still used
in developing countries and available as an insecticide; as well as, available as a prescription
medicine (lotion, cream, or shampoo) to treat and/or control scabies and head lice in humans

(Lainsbury, 2018).

IUPAC Name a-1,2,3,4,5,6-hexachlorocyclohexane

Synonym Cyclohexane, 1,2,3,4,5,6,
Cyclohexane, alpha-1,2,3,4,5,6-
hexachloro

Molecular CeHsClg

formula

Molecular weight  290.83 g/mol

Stability Stable to light, heat, air strong acids. Unstable in alkaline condition.
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Technical HCH including about 53-70% of a-isomer (Matthews, 2015), and commonly
used as effective insecticide on fruit, vegetables, forest crops, and animals premises (Laquitaine
et al., 2016). Technical HCH mostly is a mixture of a, B, y and & isomers, and been banned in the
United States for many years; however, a, B, and y-HCH continuously detected in environmental
media because of the long environmental persistence of these compounds. The isomers
properties and effects are different, for instance from the eight isomers, o and y isomers are
central nervous stimulants and 3 and 6 are depressants (Davis, 2014).

Technical HCH is mostly used in agriculture to treat wheat, rice, maize, cotton, soybean,
sorghum, orchards, and some vegetables to control the fungal diseases and bunt (Pereira et al.,
2010). The a-HCH is among the used isomers in agricultural as insecticide (Kiranmayi et al.,
2016), and a pharmaceutical treatment for lice and scabs (Bradley et al., 2016), with respect to

their environmental fate and effects due to its potent insecticidal properties.

2.2.3.0rganophosphorus (OPs)

Among pesticides groups, OPs compounds were first developed shortly before and during
the Second World War which were used as an agricultural insecticides (Kazemi et al., 2012).

Organophosphorus pesticides (OPPs) binds to the active site of the acetylcholinesterase
(ACh) and other cholinesterase (ChE) enzymes through formation of inactive phosphoryl
esterases and inhibit them in the central and peripheral nervous system. The resulting
accumulation of ACh in the synaptic cleft causes overstimulation of the neuronal cells, which
leads to neurotoxicity and eventually death (Sogorb and Vilanova, 2002).

OPPs are nowadays hugely applied in agriculture after prohibition on many OCPs; hence,
they created several health complications (Chawla et al., 2018). In agriculture, OPPs is used to

protect vegetable crops, fruit trees, grains, cotton, sugarcane, and treat stored cereal such as
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wheat, barley, oats, and rice; as well as, used to control a number of ectoparasites in domestic
animals (Eto, 2018, Kavvalakis and Tsatsakis, 2012).

OPPs have a wide variety of physicochemical properties of polarity and water solubility.
They are less persistent than OCPs, and they provide efficacious, safe and cost effective, control
of wide range pests; therefore, they used to be the first choice for treatment. OPPs can be
absorbed by inhalation, ingestion, and dermal absorption (Castillo et al., 2012). Among the

OPPs, chlorpyrifos and fenitrothion are commonly used especially in agriculture (Eto, 2018).

2.2.3.1. Chlopyrifos (CPS)

Chlorpyrifos is a colorless to white crystalline, irregularly flaked solid, has a very faint
mercaptan odor. It dissolves in methanol and isooctane but insoluble in water (Matthews, 2015).
It is available in market as variety of formulations, including granules, wettable powder, dustable
powder (crop-dusting), and emulsifiable concentrate (Davis, 2014). Among the various kinds of
OPPs, chlorpyrifos is one of the most widely used in developing countries by the relevant plant

protection organizations (Ghavidel et al., 2014).

IUPAC Name Diethoxy-sulfanylidene-(3,5,6-
trichloropyridin-2-yl)oxy-A>- E
hosoh N o/ A " OCH2CH3
phosphane Cl~=" | OCH,CH;
Synonym Dursban, Lorsban a” N cl
Molecular formula CgH11Ci3sNOsPS
Molecular weight ~ 350.6 g/mol
Stability Relatively stable in environment, and stable under 160°C, but decomposed

above 160°C.
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In agriculture, it is used as insecticide, acaricide and nematicide for the purposes of killing
insects, worm and variety of other pests in horticulture. In forestry, it is used on a wide range of
crops, and for the control of different types of pests including termites, mosquitoes, cutworms,
corn rootworms, cockroaches, grubs, flea beetles, flies, fire ants, and lice (Rathod and Garg,
2017). CPS is used in the treatment of lawns /ornamentals pasture and farmsteads, indoor crack
and spot treatment. It is also used in animal practice as ectoparasitic (pet collars, cattle ear tags)
(Karabasanavar et al., 2012). In residential applications, it is also used to control cutworms, corn

root worms, cockroaches, grubs, flies, termites, fire ants, and lice (Davis, 2014).

2.2.3.2. Fenitrothion (FTN)

Fenitrothion is an organic thiophosphate, brownish-yellow oily, broad-spectrum OPs,
originally found in1969 as toxic substances (Matthews, 2015). CPS is a lipophilic pesticide
dissolves in alcohols, esters, ketones, aromatic hydrocarbons, hexane, and insoluble in water
(MacBean, 2015). Hence, it used against of the insects listed by the World Health Organization

as effective vectors of malaria such as anopheles mosquitos (WHO, 2016).

IUPAC Name Dimethoxy-(3-methyl-4-
nitrophenoxy)-sulfanylidene-
5 CHO (I
A’-phosphane P —O NO,
CH,0”
Synonym Fenitrothion 122-14-5, CH;
Phenitrothion
Molecular formula ~ CgH12NOsPS
Molecular weight 277. 24 g/mol
Stability Relatively stable in environment, stable under 145°C.
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FTN is far less toxic than CPS and Parathion (PTN) with a wide range of insecticidal
activity, and the difference in precursor chemicals make it somewhat more expensive (Eto,
2018). Hence, it is heavily used in countries where PTN has been banned such as Japan
(MacBean, 2015). FTN in markets comes in flowable, fogging concentrate, granules, oil-based
liquid spray.

FTN is an important component of quality assurance and resistance management programs
used by the grain industry. FTN also serves a secondary purpose as a structure and equipment
treatment, to remove residual infestations and prevent the establishment of new infestations in
grain storages, and control of pasture pests. It is used in agriculture, horticulture, forestry and
public health against chewing and sucking insects on rice, cereals, fruits, vegetables, stored

grains, cotton, etc.; as well as, used for flies, mosquitoes and cockroaches in public health.

2.2.4. Carbamates (CARS)

Carbamates are also organic compounds derived from carbamic acid (NH,COOH) include
carbamate ester, ethyl carbamate, and carbamic acids (Roberts, 2008). CARs act through a
similar mechanism as OPs, by blocking an enzyme essential for the transmission of nerve
impulses (Immig and NTN, 2010). CARs are used as insecticides, herbicides, fungicides and
nematicides, and they are less persistent than OCs and OPs (Zamora-Sequeira et al., 2019).
Because of CARs class is not generally persistent in the environment; they are the mostly home
used, indoors and on gardens and lawns against cockroaches, ants, fleas, crickets, scale, whitefly,

lace bugs and mealy bugs (Hamey, 2003).
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2.3. The use of pesticides

The world use for pesticides has reached to over 5 million tons per year, for different
biological reasons and target organisms (FAO, 2017). According to the world ministry of health
reports, about 80% of reported pesticide poisoning cases each year worldwide occur in
developed countries (MacBean, 2015), and in many developing countries programs to control
exposures are limited or non-existent (Matthews, 2019). Among countries, China is the major
consumer of the pesticides and over 1,807000 tons of active ingredients used per year, followed
by Argentina i. e. 207,706 tons of active ingredients, then USA, India, and Mexico, were in the
line with 125,677, 110,100, and 98,814 tons of active ingredients used per year, respectively
(FAO, 2017, Carvalho, 2017). European countries are the highest producers and traders of the
pesticides worldwide, followed by USA, China, Brazil, Japan and India, respectively (Rani et al.,
2017).

Agriculture is the largest user of pesticides compounds, consuming 85% of world pesticide
production, to chemically control the various pests (Deguine et al., 2017). Overall 44% of used
pesticides in the world are insecticides, 30% is herbicides, 21% is fungicides, and the 5% is
others (Aktar et al., 2009). Crops that apply the bulk of these products are corn, cotton, potatoes,
peppers, tomatoes, beans, cucumber, cabbage, cauliflower, wheat and barley (Deguine et al.,
2017). Some pesticides, like herbicides, are applied to clear roadside weeds, trees, and shrubs
and are commonly applied in ponds and lakes to control unwanted aquatic plants (Lushchak et
al., 2018).The second most pesticides user is public health activities which consume about 10%
of the total used pesticides to control vector-borne diseases such as malaria, control rodents,
water purification, control pests in large structures such as malls, buildings, airplanes, trains and

boats, in ornamental landscaping, recreational parks and gardens to control the proliferation of
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insects, fungi and growth of grass and weeds (Lainsbury, 2018). A part of pesticides are also
used in veterinary medicine and domestic care for treatment of external parasites (flea, mites,
mange, lice, ticks, etc.) via the use of pool of pesticides, spray on the animals, ear tags,
injectable, pour on, etc. Pesticides are also incorporated in products such as cosmetics,
shampoos, soaps and insect repellents, washing and drying of carpets. Household disinfectants
and care products for pets and plants could also be insecticides (Edwards, 2013).

Herbicides are mostly used at summer and autumn, while in winter and spring, fungicides,
and insecticides compounds are more used; hence, pesticides case reports and residues in food

products could be different between the seasons (MacBean, 2015).

2.4. Health risks of pesticides

Pesticides lead to over three million poisoning cases annually and up to 220,000 deaths, at
least 50% of the intoxicated and 75% of those who die are agricultural workers; the rest is due to
poisoning by using contaminated food (Singh et al., 2018).

In developing nations, many non-patented, more toxic, environmentally persistent, and
inexpensive types of pesticides are used extensively, creating significant acute health problems
and also local environmental contamination (Zhang et al., 2015).

Although the general population is exposed to these compounds, farmers are in a high
risk group and therefore require bio monitoring studies to evaluate acute and chronic diseases
caused by exposure to pesticides (Damalas and Koutrroubas, 2016, Zare et al., 2015). Farm
workers who work in agricultural projects, in the pesticide industry, and exterminators of house
pests are more susceptible for pesticide exposure; as well as, consumers who are on

contaminated fruit, vegetables, and animal origin products (Soares and de souza porto, 2009).
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Workers who mix, load, transport and apply formulated pesticides are normally considered to be
the group that will receive the greatest exposure (Dhananjayan and Ravichandran, 2018).

Exposure of the general population to pesticides occurs mainly through eating food and
drinking water contaminated with pesticides, or through inhalation of residual air concentrations
or exposure to residues found on surfaces, clothing, or application equipment whereas substantial
exposure to pesticides can also occur when living close to a workplace that uses pesticides or
even when farm workers bring home contaminated articles (Kim et al., 2017).

Generally, the risks found to be associated with pesticides classified based on whether they
had short-term effects such as, diarrhea, abdominal pain, headaches, nausea, vomiting, etc. or
had the long-term effects such as, immunosuppression, hormone disruption, diminished
intelligence, reproductive abnormalities, genetic disorders, diabetes, cancer, etc. (Aidoo et al.,
2019).

Evidences exist on the possible role of pesticide exposures in the elevated incidence of
human diseases such as carcinogenicity, neurotoxicity, pulmonotoxicity, reproductive toxicity,
developmental toxicity, and metabolic toxicity, alzheimer, parkinson, amyotrophic lateral
sclerosis, asthma, bronchitis, infertility, birth defects, attention deficit, hyperactivity disorder,
autism, and diabetes (Mostafalou and Abdollahi, 2017). The possible association between
exposure to pesticide and various types of cancers in humans, including prostate, bladder,
lymphoma and multiple myeloma, and lung cancer have also been noticed extensively (Sabarwal
et al.,, 2018, Silva et al., 2016, Jones et al., 2015). Some pesticides are also associated with
gastric, skin, kidney, liver, testis cancer (Reji et al., 2016). Studies have also demonstrated that
most of commonly used pesticides are carcinogenic (Costa, 2018), cytotoxic (Gogoi et al., 2016),

genotoxic (Nada and Saleha, 2016), teratogenic (Yu et al., 2017), and immunotoxic (Medina-

19



Buelvas et al., 2019). Symptoms of severe poisoning include death due to respiratory paralysis
and neurological complications have also noticed due to pesticides exposures (Changsheng et al.,
2019).

More studies noticed possible link between pesticide exposure and respiratory diseases
such as rhinitis (Slager et al., 2010); a well as, allergies and hypersensitivity (Sarwar, 2015),
mutagenicity, reproductive and hormonal effects (Garg, 2016).

Although PYRs are thought to be safe for humans, but toxicological tests have shown that
an excessive exposure to PYRs can cause serious health effects, such as paraesthesia, headache,
dizziness, nausea, and skin irritation. For these reasons, pyrethroids have been included in the
Group B substances (Veterinary drugs and contaminants) (Nardelli et al., 2018).

CMT has caused many health hazards including neurotoxicity, reproductive toxicity, and
molecular toxicity especially in long-term exposure (Sharma et al., 2018). It has produced
oxidative stress and enhances inflammatory damage of liver (Abdou and Sayed, 2019).
Consuming the food under the effect of used CMT may cause impairments of the structure of
seminiferous tubules (Hu et al., 2013), with decrease sperm count and pathological alterations in
testes and epididymis (Ahmad et al., 2012).

DMT has also showed several health issues in human and animals. Long-term and low
dose exposure to DMT has caused prolong headaches, lacrimation, abdominal pain, nausea,
diarrhea, vomiting, apathy, ataxia, limb spasms, convulsions, allergic reactions and
hypersensitivity to sound and touch (Kumar et al., 2011). Symptoms such as blurred vision and a
burning sensation have been also observed (Khalatbary et al., 2015). DMT administered orally or
through the skin may accumulate in brain neurons, and if exposed in pregnancy period may

result in changes in fetal central nervous system (Kim et al., 2017, Viel et al., 2015).
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HCB is also classified as a possible human carcinogen (Group B) compound based on
tumor development studies on experimental animals (Starek-Swiechowicz et al., 2017).

In humans, the symptoms described are general weakness, skin lesions, porphyria,
hyposomia, osteoporosis, and arthritis (Daugaard-Petersen et al., 2018). Chronic exposure of
humans to HCB leads to a number of effects, such as triggering of porphyria, microsomal
enzyme induction, thyroid dysfunctions, neurological symptoms, and immunological disorders
(Starek-Swiechowicz et al., 2017).

HCH, is another probable carcinogenic OCPs, regarding the reports of US Environmental
Protection Agency (USEPA) (USEPA, 2015a). The USEPA has recently included a-HCH on its
fourth Draft Contaminant Candidate List (CCL 4) (USEPA, 2015b). Hence, it is proposed that
occurrence HCH in public water supplies it is monitored as part of the 4™ Unregulated
Contaminant Monitoring Rule (UCMR) program (USEPA, 2015a).

Regarding isomers, USEPA classifies a-HCH as a probable human carcinogen (Bradley et
al., 2016). The a-HCH has showed teratogenic, mutagenic and genotoxic effects and the main
symptoms been recorded are vomiting, faintness, tremor, restlessness, muscle spasms, ataxia and
clonic and tonic convulsions (Nayyar et al., 2014).

CPS is also very toxic when consumed by humans because of its property of acetyl-
cholinesterase inhibition (Ghavidel et al., 2014). CPS is associated with paresthesia, tachycardia,
seizure-like, and exposure to high dose leads to coma and finally death (Rathod and Garg, 2017).
Several studies have indicated that CPS targets neurotransmitter systems and exposure in low-
dose, causes neurochemical and neurobehavioural changes (Mie et al., 2018), even very low dose
changes brain acetylcholinesterase (AChE) (Greer et al., 2019), and it is totally associated with

reducing intelligence quotient (1Q) at school age children (Grandjean and Landrigan, 2014).
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FTN is also toxic to vertebrates and invertebrates as cholinesterase inhibitors leading to a
permanent overlay of acetylcholine neurotransmitter across a synapse. As a result, nervous
impulses fail to move across the synapse causing a rapid twitching of voluntary muscles, and
leading to paralysis and death (Elhalwagy et al., 2008). General symptoms of FTN toxicity are,
fatigue, headache, loss of memory and ability to concentrate, anorexia, nausea, thirst, loss of

weight, cramps, muscular weakness and tremors (Stenersen, 2004).

2.5. Sources of contaminations and routes of entry

Animal feed that contaminated with pesticides could be the main source for accumulation
of these residues in tissues of animals, which is directly proportional to their concentration in
feed (Ledoux, 2011). Routes entries of pesticides in to body include direct entry by direct
application on animals, while, indirect routes of entry include feeding and/or from environment
(Lainsbury, 2018, Khan and Rahman, 2017). Further sources are drinking water contaminated
through spraying field of crops, run off pollution, misapplication of pesticide to animals or their
housing (Anju et al., 2010). Hence, pesticide residues in livestock accumulate by two ways;
either pesticide are applied to animals through insecticide-impregnated ear tag, spray, dipping,
self-treatment back rubber, dust bags and injectable or through pesticides application on
agricultural crops and fodder and application in livestock areas (Khan and Rahman, 2017). The
major source of residue in animal tissues and/or products is by presence pesticides residues in
their feed stuffs; other factors that could be minor contribute to this sort of contamination
included the application of pesticides on farm animals, environmental contamination and
accidental spills (Kan and Meijer, 2007).

Animals such as cattle, sheep and goats are frequently raised on grass and/or left over

crops, although supplementation with concentrates feed used and varies between farms and
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districts. Thus, the differences in pesticide residual levels could be related to the farming system
(Tsiplakou et al., 2010). Rainfall/ irrigation, vegetation and slope are environmental condition
and affects pesticide runoff which finally affects the pesticides residual levels (Lushchak et al.,
2018). Most of pesticides used in agriculture, animal husbandry, even poultry farms have
specific affinity for adipose tissue, and all these ultimately lead to their accumulation in
livestock products including milk, meat, internal organs, and poultry products; hence, fat, meat,
animal organs, milk and other fat-rich substances are the key items for pesticides accumulation

(Pardio et al., 2012).

2.6. Fate of pesticides

Researches have estimated only 1% of applied pesticides reach the target and remaining
99% goes waste and entered the environment as pollutant and remain for ages (Rathore and
Nollet, 2012). Pesticide sprays directly hit non-target vegetation, or can drift or volatilize from
the treated area and contaminate air, soil, and non-target plants. Drift can account for a loss of 2
to 25% of the chemical being applied, which can spread over a distance of a few yards to
several hundred miles (Deguine et al., 2017). As much as 80— 90% of an applied pesticide can
be volatilised within a few days of application, the rest remains for a long depends on the types
of pesticides (Vanloon and Duffy, 2017).

Some fractions of the pesticide may be deposited on crop surface and transported by wind
currents or deposited from the atmosphere and transferred to humans and animals via
contaminated corps or directly used on animals; consequently, a part of pesticides store in the
animal body, and the stored level depends on animals weight (Chevrier et al., 2000), age
(Risher et al., 2010), route of contamination (EFSA, 2011), physical and chemical property of

pesticides (Castillo et al., 2012).
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2.7. Maximum residue limits (MRL) and pesticides regulations

The MRLs is the maximum amount of the pesticide residue which if found less in food
substances may not to be a concern to human health (EC, 2019a). MRL builds-in a safety
marginl100x that of the actual safety level for a pesticide residue; hence, consumed pesticides
little above MRL may not definitely cause health issues some times. While, food products that
exceed a MRL are not allowed on the market totally, and finding exceeded pesticides than MRL,
usually indicates that pesticide has been used incorrectly (ECPA, 2019).

MRLs for pesticides are set in European Union(EU), Canada, New Zealand, United States,
etc., while their established levels occasionally are not same (FAO and WHO, 2019).

Beside EU, three federal government agencies shared the responsibility for the regulation
of pesticides including Environmental Protection Agency (EPA), Food Safety and Inspection
Service (FSIS) and United States Department of Agriculture (USDA) that approve the use of
pesticides and established and the maximum amounts of residues that are permitted in a food
(Lydy et al., 2004).

The Joint FAO/WHO meeting on pesticide residues (JMPR) is an international expert
scientific group administered jointly by the Food and Agriculture Organization of the United
Nations (FAO) and the World Health Organization (WHO). JMPR has met regularly since 1963
and responsible for the risk assessment of pesticide residues in food and feed (Singh, 2017).

The Codex Alimentarius Commission (CAC) is another intergovernmental body
established by FAO and WHO in 1963 to set international food quality and safety standards to

protect consumers’ health and to ensure fair practices use in the food trade (Singh, 2017).
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Table 2.2. Established MRL of studied pesticides in animal meat and fat tissues (EC, 2019a).

Pesticides Commodity | MRL, mg/Kg | Reference
0.05 (EU) R N0.396/2005
Meat
0.05 (EU) R N0.2377/90, 2004
Cypermethrin
0.2 (EU) R N0.2377/90, 2004
Fat
2.0 (EU) R N0.396/2005
0.03 (EU) R N0.396/2005
Meat
Deltamethrin 0.05 (EU) R N0.2377/90, 2004
Fat 0.05 (EU) R N0.396/2005
0.02 (EU) R N0.149/2008
Meat 0.2 (EU) R N0.396/2005
Hexachlorobenzene
0.01 (EU)R No.(EU) 978/2017
Fat 0.2 (EU) R N0.396/2005
0.02 (EU) R N0.149/2008
Meat 0.1 (EU) R N0.396/2005
a-hexachlorocyclohexane
0.01 (EU)R No.(EU) 978/2017
Fat 0.2 (EU) R N0.396/2005
Meat 0.05 (EU) R No 396/2005
Chlorpyrifos
Fat 0.05 (EU) R N0.396/2005
Meat 0.05 (EU) R No 396/2005
Fenitrohion
Fat 0.05 (EU) R N0.396/2005
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2.8. Detection and quantification of pesticides

Pesticides could be in soil (Tor et al., 2006), air (Yusa et al., 2014), food (Fernandez-
Gozales et al., 2013) and ground water (Lari et al., 2014); therefore, the detection method must
be satisfied for all these kinds of matrices.

European Union Reference Laboratory (EURL) validates the methods used to monitor
pesticide residue by verifying their sensitivity, specificity, accuracy and reliability (EC,
2019b).The agencies set methods that can identify as many pesticides as possible in a range of
food commodities, and the method must be sensitive, use instruments associated soft and
hardware, the reagents should be readily available (Khan and Rahman, 2017), as well as, it must
be successfully validated through an inter-laboratory study (Pal et al., 2014).

Several procedures have been used to quantify of pesticide multiresidues in animal derived
foods, but the key techniques are: firstly, how several varieties of residues among pesticides
groups can be efficiently extracted from the complex matrixes; secondly, how abundance of
cleaning up performed and interfering matters co-extraction with the pesticides; and thirdly,
what analytical method should be proposed for the quantification. Therefore, the extraction and
cleanup analytes before detection and quantification is a key factor to success the analysis
technique, which must be able to extract target analytes and minimize co-extracts (Lehotay,

2011).
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2.9. Multiresidue detection methods

Multiresidue methods (MRMs) come as closest methods required by the regulatory
agencies for detection of contaminants (Tuzimski, 2016). MRMs contain the steps of
preparation, extraction, cleanup, separation, and detection. They are designed to identify and
quantify a number of pesticides and their toxicologically significant metabolites simultaneously

in a range of foods (Vu-Duc et al., 2019).

MRMs usefulness is based on a combination of three factors (Khan and Rahman, 2017).
1. Detection abroad spectrum of pesticides and their metabolites in an array of food

2. Highly sensitive, precise, and accurate to be acceptable to the scientific community.

3. Economically suitable or at least affordable for laboratories.

The primary weakness of existing MRMs is that they cannot detect every pesticide in a
single injection sometimes. A second weakness is that some MRMSs require a great deal of time
to perform the analysis.

Besides the use of MRMs, many laboratories develop and validate their own method for
pesticide residues analysis. Using the same technique, but different equipment or equipment
settings, also make difficulties to reach an accepted analytical method. Hence, the European
Commission's Directorate for Health and Food Safety (DG SANTE and DG SANCO) provided
guidance to laboratories for the validation of methods for pesticide residues analysis in food and
feed. This to ensure a consistent and reliable approach with the use of quality control measures
like certified reference materials and participation in proficiency tests. Almost all MRMs
methods and validations established by European Commission (EC) are based upon

chromatography either LC or GC as the determinative step (Vu-Duc et al., 2019).
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2.10. Extraction techniques

Extraction means separation of compounds residues from matrices by using solvents. The
extraction procedures for pesticides should be such that quantitatively extract pesticides form
matrix (high efficiency), does not cause chemical change in pesticide, easily performed and use
inexpensive apparatus (McMurry, 2014).

An inherent problem with a multiresidue approach is that matrix co-extractives as the
method includes a wider polarity range of analytes; hence, no current method is suited for
extracting all pesticides from all types of matrices (Picé et al., 2006).

Introduction of solventless techniques have become a benchmark in analytical perspective
(Puri, 2014). Hence, it is preferable that sample preparation be achieved in minimal possible
steps and solvents, to decrease the possibility of contaminations and/or losses and during sample
preparation and handlings (Puri, 2014). Traditional extraction methods include solid phase
extraction (SPE) and liquid-liquid extraction (LLE), which are multistage, consuming solvents
and require a long time to execute (Lehotay, 2011). Recent approaches also includes multistep
procedure for example supercritical fluid extraction (SFE) (Gallo et al., 2017), pressurized-liquid
extraction (PLE) (Zhou et al., 2019), microwave-assisted extraction (MAE) (Wang et al., 2016),
matrix solid-phase dispersion (MSPD) (Chatzimitakos et al., 2018), solid-phase microextraction
(SPME) (Gomez-Rios et al., 2017), and stir-bar sorptive extraction (SBSE) (Xiao et al., 2016).
However, the extraction method which have proved successful for extraction of several kinds of

pesticides is QUEChERS “quick, easy, cheap, effective, rugged, and safe” (Kim et al., 2019).

2.10.1. QUEChERS method
The QUEChERS method was originally introduced for the extraction of multiresidue

pesticides in various agricultural products with high water content (Anastassiades et al., 2003).
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Later, the QUEChERS approach was continuously modified for extraction wide range of
pesticides, including polar, non-polar, and planar pesticides in food and environmental matrices
(Gonzélez-Curbelo et al., 2015, Lee et al., 2017). The QUEChERS method aims are to simplify
and streamline the extraction and purification procedures, minimize cost, with providing
miniaturization and automation to make the analysis be easier. It has been more utilized with the
chromatography detection techniques, due to their high sensitivity and specificity with the
method (Lehotay, 2011). For analysis of multiresidue pesticides, the QUEChERS method has
been steadily extended for the extract and analysis of various pollutants in different kinds of food
and environmental matrices (Kalachova et al., 2013, Surma et al., 2017).

QUECHhERS method has several advantages which have made it to be applied in most of
laboratories for extraction of many kinds of compounds in different matrices. Firstly, the method
steps are all relatively straightforward and can be easily modified. Secondly, it is user-friendly
method because the extraction solvent, lab space, and dishwashing requirements are considerably
lower than those for other approaches, which making it possible to reduce the time and costs
associated with routine laboratory analysis (O'Sullivan, 2013).Third, it allows for the extraction
of target compounds from a homogenized sample and purification effectively in less than 30 min
(Gonzélez-Curbelo et al., 2015, Grimalt and Dehouck, 2016). Hence, the method have been
extensively developed and applied to extract many components in different kinds of matrices.

A literature research found that there were 2,087 articles that featured the term
“QuEChERS” in their title, abstract, and/or keywords and 1,896 articles that featured both
“pesticides” and “QuEChERS” together since 2009 (Kim et al., 2019).

In QUEChERS method, the initial step is liquid- liquid partioning (LLP), in which single-

phase extraction of samples is performed with MeCN, for low fat samples and double-phase
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extraction with MeCN and hexane are performed for high fat samples. In this step, anhydrous
MgSO, and/or NaCl are also added to the solution. Later, eliminating residual water and cleanup
are carried out by a procedure called dispersive solid-phase extraction (d-SPE), in which
anhydrous magnesium sulfate (MgSQO),, primary and secondary amine (PSA), and/or
(occtadecylsilane) C18 sorbent are simply added with the single or double- phase extract.
Cleanup process also refers to a step or series of steps in the analytical procedure in which the
bulk of the potentially interfering co-extractives are removed by physical or chemical methods.
LLP extracts analytes and co-extractives in to the solution, and cleanup process minimizes
matrix interferences. Both processes of LLP and d-SPE provide suitable recovery for LC and GC
detected amenable analytes, give high reproducibility and less costly than many typical sample
preparation approaches (Anastassiades et al., 2003, Wilkowska and Biziuk, 2011).

Several approaches have been attempted to eliminate co-extracted interference from
extracts, including freeze centrifugation, gel permeation chromatography (GPC) (Frenich et al.,
2006), adsorption chromatography on different adsorbents such as silica, florisil (Synthetic
magnesium silicate MgSiO3) or alumina on ready to use catridges (Pagliuca et al., 2006,
Stefanelli et al., 2009).

The use of MeCN, hexane, PSA, C18, MgSO, and NaCL in the QUEChERS method
proved successful for extraction of several pesticides classes from animal tissues such as, 16
PYRs, OCPs, OPPs, in meat and fat and animal organs (Castillo et al., 2012), 37 PYRs, OCPs,
OPPs in fat tissue (Castillo et al., 2011), 45 PYRs, OCPs and OPPs, in meat and liver tissue
(Meligy et al., 2019), 15 OCPs and 11 PYRs in meat (Paramasivam et al., 2011), 152 PYRs,

OCPs and OPPs in meat (Oliveira et al., 2018), 24 PYRs, OCPs, OPPs in fish (Sahu and
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Nelapati, 2018). The method has also used for extraction of veterinary drugs (Eprinomectin,

Abamectin, Doramectin, and Ivermectin) in meat (Bandeira et al., 2017).

2.11. Detection and quantification methods
2.11.1. Chromatography

Initially chromatography was discovered as an analytical technique in the early 20™
century in Russia. The name chromatography referring chroma, which means color, and graphy
means writing, this is because the technique was firstly used for separating colored compounds
(Vitha, 2016). Later, chromatography developed during the 1930s and 1940s and used for
separating variety kinds of chemical compounds (Smith, 2013).

Chromatography separation techniques based on the principle that the compounds
separated are dispersed between two phases; one of them is mobile while the other is stationary.
Depending on the method, the mobile phase can either be a liquid or a gas, inspiring the names
liquid (LC) and gas chromatography (GC) (Panseri et al., 2013).

Chromatography is a method by which mixtures are separated by distributing their
components between two phases. The stationary phase remains fixed in place, while the mobile
phase carries the components of the mixture through the medium (Vitha, 2016).

The movement of the components in the mobile phase is controlled by the significance of
their interactions with the mobile and/or stationary phases. Because of the differences in factors
such as the solubility and volatility of certain components in the mobile phase, and the strength
of their affinities for the stationary phase, some components will move faster than others, thus
facilitating the separation of the components within that mixture (McMurry, 2014).

There are different types of chromatography, and most commonly used chromatography

methods for detection of pesticides are liquid and gas chromatography (Vitha, 2016).
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In Liquid chromatography (LC) is an analytical chromatographic technique is based on
separating ions or molecules that are dissolved in a solvent (Vitha, 2016). The LC methods are
used for the separation and quantitative determination of non-volatile target compounds in
medium to large range of molecular mass (Kromidas, 2017). LC technologies can be easily
applied for the analysis of both water-soluble and water-insoluble analytes but the analysis of
different types of materials needs different types of liquid chromatography. There are several
types of liquid chromatography namely; high-performance liquid chromatography, liquid-solid
chromatography, ion chromatography, affinity chromatography, etc. (Snyder et al., 2011). The
most commonly used LC is high performance liquid chromatography (HPLC), which is
recommended by European Directives in European Commission Decision, 2002/657 as an
official control program of contaminant chromatographic methods for quantification of

pesticides (Karageorgou and Samanidou, 2011).

2.11.1.1. High performance liquid chromatography

High-performance liquid chromatography (HPLC) is a form of liquid chromatography to
separate compounds that are dissolved in solution. HPLC is the most common technique of LC,
officially invented in the late 1960s (Kromidas, 2017). Despite some concerns regarding the
complexity of sample preparation, disposal of potentially hazardous effluents, and the possible
unsuitability for high-throughput analyses, HPLC methods are still widely used separation
techniques for determination of pesticides in a variety of food, water and biological settings
(Velkoska-Markovska and Petanovska-Ilievska, 2019, Rajput et al., 2018, Shurubor et al., 2017,
Harshit, 2017). It is known by different names such as high-pressure liquid chromatography,

because of the high pressures required to force the mobile phase or solvent through the stationary
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phase, and high-resolution liquid chromatography, because of the good resolution achieved using
this technique (Giddings, 2017).

In HPLC system, the sample is injected into the column as the mobile phase, which flows
over the stationary phase. These components leave the column at different time and reach the
detector which detects the components and gives the signal to the recorder, which shows the
chromatogram (Adamovics, 2017).

HPLC has been used for detection and quantification of many kinds of pesticides in
different types of food and food products (Ledoux, 2011). It has been used for detection of 29
pesticides (CARs and OPPs ) in liver tissue (Luzardo et al., 2014), 10 pesticides (PYRs, OCPs,
and OPPs) in spiked minced pork and beef (Pico et al., 2006), 5 pesticides compounds ( PYRs,
OCPs, and OPPs) in cattle, meat, liver, kidney, and lung tissue (Muhammad et al., 2010), DMT
in beef (Khashan, 2016), DMT in sheep and goat meat(Abdulrahman, 2016), 9 pesticide
compounds (PYRs, OCPs, and OPs) in beef (Kiranmayi et al., 2016), CPS, a-endosulfan and -
endosulfan sulfate in buffalo meat (Kumar et al., 2008), detection of 171 pesticides (PYRs and
OCPs) in beef (Oliveira et al., 2018). HPLC has also used for quantification of several OPPs in
beef and cattle fat (loerger and Smith, 1993), atrazine and simazine in rabbit meat and fat
(Baranowska et al., 2006).

Researchers have also used HPLC for identification of pesticides in fruits and vegetables
such OPPs in cucumber, tomatoes (Peng et al., 2016) and PYRs, OCPs and OPPs, in lettuce and
orange (Lehotay et al., 2005a).Therefore, HPLC technology has been described as an excellent
tool for the identification and structural elucidation of metabolites and transformation products of
pesticides in foodstuffs (Komidas, 2017). In HPLC system, there is no universal individual

detector to monitor all types of compounds in food commodities; hence, several detectors have
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been designed and applied for monitoring namely; ultraviolet (UV), ultraviolet visible (UV/Vis),
photo diode array (PDA), evaporative light scattering (ELS), mass spectrometer (MS),
conductivity (CD), fluorescence (FL), electro chemical detector (EC) and tandem mass
spectrometry (MS\ MS) (Vitha, 2016).

Commonly used detector coupled with HPLC is UV detector which read a plenty range
compounds in single run, since many compounds of interest absorb in the UV from plenty
nanometer (Snyder et al., 2011). During the analysis, sample goes through a clear color-less
glass cell, called flow cell in where sample absorbs a part of UV light. Thus, the intensity of UV
light observed for the mobile phase (without sample) and the eluent containing sample will
differ. By measuring this difference, the amount of sample can be determined. A standard UV
detector allows user to choose wavelength between 195 to 370 nm, and most commonly used
wavelength is 254-260 nm. Compared to a UV detector, a Vis detector uses longer wavelength
(400 to 700 nm). There are detectors that provide wider wavelength selection, covering both UV
and Vis ranges (195 to 700 nm) called UV/Vis detector (Snyder et al., 2011). HPLC-UV
detectors can be used by any lab to analyse variety kinds of samples including pesticides in food
samples (Peng et al., 2016) proteins (Sturaro et al., 2016), therapeutic drug testing (Luciani-
Giacobbe et al., 2018), coenzyme A (CoA) and acetyl-coenzyme A (acetyl-CoA) in a variety of
biological samples, including cells in culture, and plasma, liver, kidney, and brain tissues

(Shurubor et al., 2017).

2.11.1.2. Gas chromatography
Gas chromatography (GC) is another most common type of chromatography based method
used for detection of pesticides. GC is a term used to describe the group of analytical separation

techniques used to analyze volatile substances in the gas phase such as nitrogen or helium
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(McNair et al., 2019). GC firstly invented in 1952, since that time until now it has been used for
detection and quantification the most types of compounds in foods and environment matrices. In
GC, the components of a sample are separated based on difference in partition coefficients
between a liquid stationary phase (silicone grease or wax) and a gaseous mobile phase
(Hubschmann, 2015). In GC, the mobile phase is a chemically inert gas that serves to carry the
molecules of the analyte through the heated column, while stationary phase composed of a liquid
or particulate solid in which the mixture is separated into its component compounds according to
their affinity for the stationary phase. The column which the gas phase passes is located in an
oven where the temperature can be controlled (McNair et al., 2019).

GC can be combined with different kind of detectors namely; mass spectrometry (MS),
tandem mass spectrometry (MS/MS), photoionization detector (PID), flame photometric detector
(FPD), thermal conductivity detector (TCD), electron capture detector (ECD), nitrogen
phosphorus detector (NPD), electrolytic conductivity detection (ECD*), and flame ionization
detector (FID) (Hubschmann, 2015).

GC has been used to quantify different kinds of pesticides in different matrices, such as the
use of GC-MS for detection of 8 OCPs in beef, liver, and kidney (Letta and Attah, 2013), and 37
PYRs, OCPs, and OPPs in fat (Castillo et al., 2011). GC-ECD used for detection of 7 PYRS in
beef (Niewiadowska et al., 2010), 8 PYRs in bovine fat (Akre and MacNeil, 2006), 15 OCPs in
meat (Dimitrova et al., 2018), and 6 PYRs in meat and egg (Nardelli, et al., 2018), GC-MS/MS
was used for detection 24 PYRs, OCPs, and OPPs in fish (Sahu and Nelapati, 2018), and 20
OCPs, OPPs and PAHSs (Polycyclic Aromatic Hydrocarbons) in beef (Arioli et al., 2019).

Some detectors respond to any solute eluting from the column, while others respond only

to solutes with specific structures, functional groups or atoms. The use of MS/MS may overcome
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the problems arising from chromatographic interference that occurred with GC-MS and ECD
(McNair et al., 2019), because it provides better sensitivity and able to determine pesticides from
different classes and to identify their metabolites and degradation products in the same
acquisition run (Giddings, 2017); while, it is still less used because of its high cost. MS detector
is one of the most preferred by laboratories, due to its high sensitivity, suitability for halogen and
non-halogen containing compounds (Grimalt and Dehouck, 2016). Compared to other detectors,
MS more suffered from sample matrix interferences, due to the impossibility of monitoring all
potential co-eluted compounds (Meligy et al., 2019). This has made difficulties to optimize a
method reliably screen several groups of pesticides in a complex tissue. Hence, it has to be

adapted with a sensitive analytical procedure during the analysis (McNair et al., 2019).

2.11.2. Other methods
There are several other methods have been used for detection of pesticides include:

Biosensors, which are methods, have also been described as novel strategy and analytical
machines (Lima et al., 2018). These devices have several advantages over traditional methods,
for example, in their simplicity, sensitivity, selectivity and capacity to be deployed in the field,
which is still highly desirable for the monitoring of pesticide contamination (Zamora-sequeira,
2019).They are coupled with bio recognition elements with various detection techniques and
used for detection of biological components including, antibiotics (Majdinasab et al., 2019), and
microorganisms (Kuss et al., 2018). It is also used for detection of heavy metals, illegal
additives, pesticide residues, veterinary drug residues, biological toxins, and foodborne pathogen
(Zeng et al., 2018). The significances of using biosensors are economical and can be produced in
large number of samples and require less sample size and easy to operate even by non-skilled

analyst (Hammond et al., 2016). In the detection of pesticides, biosensors pave the way to a more
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efficient analysis, with greater precision, and a low cost (Zamora-sequeira et al., 2019).
Nowadays, different types of biosensors are available, such as cell based biosensors, enzyme
based biosensors, immunosensors, nucleic acid based biosensors, etc.

Enzyme Linked Immunosorbant Assay (ELISA), also used for detection pesticides in
different kinds of food matrices especially fruit and vegetables (Malarkodi et al., 2017) and
water samples (Xiang et al., 2019). In a last 4 year program, highly specific and sensitive
antibodies against several groups of pesticides were studied. The study reported that direct and
indirect competitive ELISA protocols were developed with the capability of reaching the
detection limits ranging from 0.01 to 2.24 ppb (Chang et al., 2018). Commercial ELISA Kits
have been under development through technical transfer of the antibodies and the assay

protocols to biotechnology companies since 2016 (Chang et al., 2018).

2.12. Validation

Validation is a thorough examination obtains realistic and unequivocal evidence that
ensures either the procedure is effectively applicable for its purpose (Fajgelj and Ambrus, 2007).
Validation proving that any approach, strategy, experimental procedure, laboratory staff,
instrumentation, and room conditions selected for the method will function in a proper way
under a fixed set of conditions (Gowik, 2009); as well as, checks if every measurement in routine
analysis will obtain values close enough to the true value. Therefore, it verifies if the method is
suitable to be used in quality control and research support.

The validation consists the determination of quality parameters namely; selectivity,
accuracy (recovery percentages and precision), linearity, sensitivity (detection and quantification
limits), and matrix effect (Magnusson, 2014, Galuszka et al., 2013). Aware of its importance, a

number of international renowned organizations have offered guidance about method validation
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namely; American Society for Testing and Material (ASTM), Environmental Protection Agency
(EPA), European Commission referring Directorate for Health and Food Safety (DG SANTE
and SANCO), European Cooperation for Accreditation (ECA), European Medicines Agency
(EMA) (EMEA,2011), Food and Agricultural Organization (FAO), Food and Drug
Administration (FDA), International Organization for Standardization (ISO), US
Pharmacopoeia, World Health Organization (WHO) (Rambla-Alegre et al., 2012).

Consequently, many validation guidelines, with different scopes, have been issued to
describe the validation parameters with their acceptance criteria which include.

Accuracy/trueness is the closeness between the concentrations provided by the analytical
assay (calculated from the peak area through the calibration curve) and the true value which
shows the systematic errors affect the result (Miller and Miller, 2018). Accuracy is usually
determined in one of three ways. First, it can be assessed by analyzing sample of known
concentration (reference materials) and comparing the measured value to the true value. The
second approach is to compare test results from the new method with results from an existing
alternate well-characterized procedure that is known to be accurate. The third approach based on
the recovery of known amounts of analyte, is performed by spiking analyte in blank matrices.

Precision is also the closeness of agreement between the detector responses obtained by
several individual measurements of a homogeneous sample, under stipulated conditions. In
another word, precision is the measure of the degree of repeatability of an analytical method
under normal operation and is normally expressed as the percent of deviations (EC No.
SANTE/11813/2017). In chromatography science, the precision is expressed as the variance,

standard deviation or coefficient of variation of a series of measurements.
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Linearity also is the ability of the method to provide a signal directly proportional to the
concentration of the analyte in the sample. Calibration standard curves for the linearity can be
generated in two formats depending upon the methodology: standards in solvent and standards
fortified into control matrix. The last option is more preferable, because the values would
incorporate into calculation to correct the matrix effect (McMurry, 2014). The linearity should
be evaluated across the working range of the analytical method and described by a linear
regression plot of known concentration versus response signals using a minimum five different
concentrations. The evaluation of the analytes for each calibration point should be carried out
across at least three separate runs (Manav et al., 2018). Acceptability of linearity data is often
judged by examining the correlation coefficient (r?) and errors of intercept of the linear
regression line.

Sensitivity is the lowest analyte concentration that can be measured with acceptable
accuracy and precision (McMurry, 2014). In chromatographic analysis, it is calculated as the
derivative of the peak area regarding the concentration, thus the slope of the calibration curve
with the standard deviation of the intercept would inter the sensitivity values assessment. Finally,
the values are expressed by the limit of detection (LOD) and limit of quantitation (LOQ)
(Galuszka et al., 2013).

When a signal near the background noise is obtained, it must be decided if it corresponds
to random responses of the blank or to the presence of the analyte. According to EC No. SANTE
11813/2017 guidelines, the fluctuation in baseline noise has a strong impact on LOD and LOQ
values; hence, validation of LOD and LOQ in any condition is mandatory.

Limit of detection (LOD) is a value establishes the minimal concentration that provides a

signal for 95% of the samples (i.e. a false negative rate of 5% is accepted) which can be reliably
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differentiated from the background noise. Therefore, signals over that produced by the LOD are
assigned to the analyte, whereas inferior values are attributed to the background noise. In the
LOD assay, the presence of the analyte can be assessed, but not quantified with reliable accuracy
and precision (EMEA, 2009). It is expressed as a concentration at a specified signal-to-noise
ratio, usually 3:1. In the case of selectivity, the presence of false detects should be verified using
non spiked samples. For each commodity group, a basic validation of a qualitative method
should involve analysis of at least three samples spiked at the anticipated LOD.

LOD is calculated based on the standard deviation of the responses (SD) and the slope (y)
of the calibration curve at levels approximating the LOD according to the formula: LOD
=3.3(SD/y). The standard deviation (SD) of the response can be determined based on the
standard errors of the matrix- matched standards on the regression line (Barganska et al., 2018).

The limit of quantitation (LOQ) in EC No. SANTE 11813/2017 criteria, is also defined
as the lowest concentration of an analyte in a sample that can be quantified with acceptable
precision under the stated operational conditions of the method. It should be remembered that the
determination of LOQ is a compromise between the concentration and the required precision and
accuracy, hence when the LOQ concentration level decreases, the precision increases. It has been
recognized the 10:1 signal-to- noise ratio as typical LOQ. like in LOD, two additional options
that can be used to determine LOQ, visual non-instrumental methods and calculating the LOQ
(Luzardo et al., 2014, Barganska et al., 2018).

The calculation method is again based on the SD of the responses and the slope of the
calibration curve (y) according to the formula: LOQ =10 (SD/y) (Barganska et al., 2018). Again,
the SD of the responses can be determined based on the matrix-matched standards on the

regression line. As in LOD, for LOQ an appropriate number of samples should be analyzed at the
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limit to validate the level. One additional detail should also be considered; both the LOQ and the
LOD can be affected by the chromatography. Hence, in HPLC and GC, sharper peaks result in a
higher signal to-noise ratio, resulting in lower LOQ and LOD (EMEA, 2009). The LOQ should
be less than the studied analyte found concentration the real sample (FDA, 2018).

About matrix effects, signal suppression/ enhancement that related to the commodity, is
commonly called "matrix effect”, may cause serious problems including inaccurate quantitation,
low analyte detectability and increased method uncertainty (Uclés et.al.,, 2017). During
extraction matrix constituents can be co-extracted and later co-eluted with analysed components
and can consequently interfere with analyte identification and quantification. The co-extracted
compounds, especially lipids, tend to adsorb by chromatographs especially in GC system such as
injection port and column, resulting in poor chromatographic performance (Panseri et al., 2013).
In LC and GC, matrix effects may impact the separation and detection steps in the analysis and
leading to inaccurate quantitation and analyte detectability, reducing method ruggedness, and/or
reporting of false results (Barganska et al., 2018). Hence, unavoidable presence of co-extracted
matrix components in the final extract should be assessed at the validation stage.

For the assessment of the matrix effect, several designs of experiments have been
proposed, for example, postextraction spiking experiments, and isotopic labelled internal
standard (IS) spiking experiments; however post extraction spiking which is also called matrix-
matched calibration standards is the most preferable to compensate of matrix effects (George et
al., 2018), in which the standards are added to the extracts of blank matrix and used for
calibration, which must be the same type as the real matrix sample (Peris-Vicente et al., 2013).
According to EC No.SANTE 11813/2017 criteria, matrix effect percentages is assessed in the

base of ME% standard values in which 100% indicates no effect, less than 100% indicates
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ionization suppression and over 100% indicates ionization enhancement due to co-eluting
sample compounds. From this definition, mostly in chromatography techniques,
misunderstandings arise because the expression of “reduce matrix effect” does not mean reduced

value of %ME, but also means the ME% ionization value becoming closer to 100%.

2.13. Prevalence of pesticides in meat

Pesticide residues include any derivatives of pesticides such as conversion products,
metabolites, and reaction products considered being of toxicological significance, and growing
concern due to possible adverse effects on humans (Panseri et al., 2013).

Different kinds of pesticides have been found animal tissues already, and many studies
dealing with pesticides residues in animal tissues. In a study, high level of DMT (0.3- 1.13
mg/kg) found from sheep and goat meat samples collected near Sulaimaniyah (Abdurrahman,
2016). Researchers also found high DMT levels (0.4mg/kg) in beef samples collected in
Baghdad (Khashan, 2016). CMT residual level (2.2 and 2.7 mg/kg) have been also found in beef
samples in Faisalabad-Pakistan, where CMT applied in veterinary medicine and agriculture
extensively (Muhammad et al., 2010). Moreover, cattle and sheep meat samples tested for CMT
and DMT in Poland where rarely CMT and DMT are used in agriculture and livestock and found
no residue for both (Niewiadowska et al., 2010). CMT and DMT were also found low level (<
0.05 and 0.013 mg/kg, respectively) in Rome (Italy) from 50 beef samples (Stefanelli et al.,
2009). Moreover, researchers have found HCB in only 7% of lamb and beef in Jordan (Ahmad et
al., 2010), and low residual level of HCBs was found in less than 10% of the analyzed cattle and
sheep carcasses in Egypt (Sallam and Morshedy, 2008). Studies also found HCB < 0.05 mg/kg
from cattle meat samples in Rome (lItaly) (Stefanelli et al., 2009), while no HCB found in lamb

samples collected in Almeria- Spain (Frenich et al., 2006).
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Researchers also found high a-HCH in cattle (0.074 mg/kg) and sheep (0.039 mg/kg) meat
samples collected in Andhra Pradesh-India (Kiranmayi et al., 2016). High level of a, B, and y-
HCH (0.0460, 0.0355 and 0.0626 mg/kg, respectively) were also found in cattle meat samples
collected in Hyderabad, Telangana-India (Singh, 2017). The a-HCH was also found (<0.05
mg/kg) in beef samples collected in Rome (Italy) (Stefanelli et al., 2009).

Similarly, a, B, and y, 8-HCH have been found in sheep meat samples (0.028, 0.035, 0.045,
and 0.014 mg/kg, respectively) in Hyderabad, Telangana-India (Singh, 2017), and from mutton
samples (0.18, 0.18, 0.6 and 0.42 mg/kg of residues of a, B, y and 6-HCH, respectively from
samples collected Coimbatore-India (Suganthy and Kuttalam, 2003). Other isomers such as y-
HCH (0.019 mg/kg), and 6-HCH (0.074 mg/kg) were also found in goat meat samples collected
in Coimbatore-India (Suganthy et al., 2009). In another study, low level of a-HCH found in beef
samples collected in Egypt which was 0.0089 and 0.004 mg/kg in samples had been imported
from India and Brazil, respectively (Aboul-Enien et al., 2010).

Regarding fat tissues, high level of HCH mix isomers have been found in goat adipose
tissues samples (0.573 mg/kg) collected in Punjab-India (Bedi et al., 2005), this supported by
researchers who found high level of HCH (mixed isomers) residue in goat adipose tissue (0.084
—0.18 mg/kg) in India (Singh et al., 2015).

Moreover, researchers have found high level of CPS (0.34 -0.35 mg/kg) in cattle meat
samples collected in Andhra Pradesh-India (Muhammad et al., 2010). Similarly, for mutton
samples, high residual level (0.46 mg/kg) in samples collected in Coimbatore-India (Suganthy et
al., 2009); while, no CPS noticed in cattle and sheep meat samples collected in Hyderabad,
Telangana-India (Singh, 2017). Low CPS residue (0.026.5 mg/kg) also found in cattle meat

samples collected in Badrashen and Giza (Aboul-Enien et al., 2010), which was coincidence
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with finding low CPS residue (0.016 mg/kg) in cattle meat samples collected in Egypt markets,
which had been originally imported from Sudan (Aboul-Enien et al., 2010).

Yet, no enough study carried out to detect and/or quantify FTN residue in cattle, sheep and
goats tissues; however, studies found FTN in fish (> 0.01pg/kg) (Akan et al., 2014), and whole

milk (> 0.02mg/kg) (Anwar et al., 2011).

2.14. Minimizing pesticides residual levels in food

Pesticides are used indiscriminately and make the food unsafe for consumption. Besides,
the presence of residues above the permissible levels is a major barrier in the approval of meats
(Tilahun et al., 2016). Therefore, it is significant to evaluate, simple, cost effective strategies to
minimize pesticide residue concentration in the food commodities. The strategies including food
processing methods which are performed at home or industry such as washing, peeling, canning,
and cooking, which are consider as proper methods to the reduce of pesticide residues in food

and increase its quality (Keikotlhaile et al., 2010).

2.14.1. Heat treatment

To dissipate pesticides residues in food commodities, several heat treatment methods have
been applied; namely, moist heat treatment such as braising, boiling, pressure cooking, stewing
and dry heat treatment, such as broiling, barbequing, grilling, frying, roasting, baking, etc. (Yun-
Sang et al., 2016). Studies represent that heat treatment cause to considerable reduction of
pesticide residues in food commodities (Muthukumar et al., 2010, Witczak, 2009, Rajashekar et
al.,2007); coincidently, they agreed with that the reduction level depends on thermal
temperature, duration of heat treatment, methods of treatment, types of pesticides, and types of

commodities. To confirm the safety of meats, the levels of pesticides should be determined
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professionally before and after heat treatments which is important to develop some pragmatic
procedures to increase the food safety along with the reduction in consumption of pesticide
residues (Kiranmayi et al., 2016, Yun-Sang et al., 2016).

Reduction concentration of pesticide residues from heat treated meat and fat tissues could
be through some physicochemical processes, i.e. decomposition, evaporation, co-distillation and
thermal degradation, etc. which may vary with the chemical nature of the individual matrix and
pesticide (Muresan et al., 2015). The most common heating processes used to reduce the
pesticide load in raw meat and fat were boiling, broiling which used by consumes in the world

(Goldwyn and Blonder, 2016), which have been focused in this study.

2.14.1.1. Boiling process

Boiling is a rapid heat treating of foods ina liquid at its boiling point (Vaclavik and
Christan, 2008). Boiling is widely used for meat, by cooking meat in water at the boiling point
of 100°C (Sobral et al., 2018).Certain boiling processes would reduce the levels of chemical
contaminants in foods (Keikotlhaile et al., 2010, Kaushik et al., 2009). Boiling temperature and
duration both play important role in the reduction of stored pesticide, beside the chemical and
physical property of boiled compound (Muresan et al., 2015, Atkins et al., 2018). Researchers
have boiled meat and obtained different results in terms of pesticides reduction levels because of
using their different temperature and boiling period during the process.

In a study, boiling at 100°C for 30 min was tested on a-HCH in beef samples and reduced
32.60 % in naturally contained a-HCH samples and 44.71 % in spiked samples. Isomers of B, v,
0-HCH also reduced in natural contained samples by 15.2, 47.9, 12.3%, respectively, while in
spiked samples were 27.5, 58.3, and 57.9%, respectively (Singh, 2017). The same boiling period

and temperature were tested on mutton and noticed that a, B, y, 3-HCH reduced in naturally
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contained samples by 13.79, 27.76, 22.87, and 36.17%, respectively and in spiked samples were
50.67, 45.81, 48.27, and 38.0%, respectively. The a, B, v, 3-HCH content in natural and spiked
pork samples also tested by boiling temperature and reduced by 19.44,14.98,14.85 and 20.87%
in natural and 15.81, 26.01, 26.7, and 25.25% in spiked samples, respectively (Singh, 2017).

The reduction in the levels of various OCPs after boiling of meat is also reported by Sallam
and Morshedy (2008), who used 100°C for 90 min and noticed overall reductions of 40.4%,
55.0%, 32.4%, 33.5%, 29.2%, 42.7% and 38.2% in DDTs, y-HCH, dieldrin, aldrin, endrin,
toxaphene and HCB contents, respectively. Boiling spiked meat at 100°C for 30 min could also
reduce OCPs by 31.6 % (dieldrin) and 33.2% (aldrin) (Krianmayi et al., 2016). Similarly, boiling
for 30 min in low-density water impermeable polyethylene bags reduced the OCPs by 58.3% (a-
Endosulfan) and 55.93% (B-Endosulfan) of pesticides in buffalo meat (Muthukumar et al.,
2010).

Boiling at 100°C for 30 min also tested on spiked cattle meat and mutton with CPS, and
noticed the reduction level of 57.6 % and 58.5% for cattle meat and mutton samples, respectively
(Singh, 2017). The same study reported that the result for spiked pork, fish and chicken after
boiling was different because they noticed reduction level of 33.33%, 44.57% and 48.52%

respectively, which were different from the reduction level in cattle and sheep meat samples.

2.14.1.2. Broiling process

Intense heating of foods in an oven at 170—288°C is typical broiling process (Goldwyn and
Blonder, 2016). Broiling differs from grilling and barbequing by the heat source in which is not
just below the food. In the broiling processes, foods is heated intensively which hydrolysis the
lipids at temperature raise above 100°C (Muresan et al., 2010). Broiling method used to enhance

the flavor of meat in which browning occurring on the surface of the meat; this is accomplished
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using dry heat. During broiling, thermo-degradation of fats is happened when the temperature is
around 180°C for 30—60 min (Muresan et al., 2015). In broiling process, higher fat is remained in
the tissue compared to boiling process (Utama et al., 2018), because the surface temperature well
exceed 100°C, leading to evaporation of moisture in the food and dry or crisp the surface; hence,
the a part of compounds are degrade, evaporate but not washed-out and the rest could be

decomposed and remained in the matrix tissue (Muresan et al., 2015).

2.14.2. Other methods

Pressure cooking is another commonly used method in which providing heat and pressure
together, produce high thermal steam and transferred to meat and affects far more quickly.
Pressure cooking (121°C, 30 min) has been tested on spiked beef with OCPs including aldrin and
dieldrin, and reduced their concentration by 35.9- 34.6%, respectively (Kiranmayi et al., 2016).
The method (130°C for 1 hr) also tested on spiked fish with aldrin and dieldrin, and showed the

reduction percentages of 91.4 and 91.3%, respectively (Muresan et al., 2015).

Frying is another commonly used heating treatment, in which the food fried for a short
time. Two types of frying procedures is mostly used namely; pan frying on a thin layer of fats
and oils, and deep frying, in which the food product is dipped into a fried oil (Boskou et al.,
2006). In both types, the oil is heated to about 180-200°C for 2—10 min. Frying methods can
destroy only the surface pesticides especially pan frying. However, the effect of deep frying is
higher; it affects nutritional values and destroys antioxidants (Boskou and Elmadfa, 2011).

In a study, frying process was tested on spiked fish with o-HCH, B-HCH, y-HCH,
heptachlor, aldrin, heptachlor epoxide isomer B, pp’-DDE, endrin, pp’-DDT, pan-frying for 10

min caused significant losses in concentrations of most studied OCPs. The dissipation rate
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ranged between 10-74% in different types of OCPs, but the most dissipated OCPs were -HCH
(Witczak, 2009). Another study tested pan-frying at 180°C for 10 min on spiked pork with aldrin
and dieldrin pesticides; reduction of 64.3% and 64.5% were noticed for aldrin and dieldrin,

respectively (Muresan et al., 2015).

In Baking in which the heat surrounds foods which is also called indirect broiling, which
is same as broiling process performed in lower temperature. It has been also used for reduction
pesticides in foods samples. Baking process (110°C, 60 min) was tested on spiked pork with
aldrin and dieldrin and showed dissipation of 52.4 and 53.7 %, respectively (Muresan et al.,

2015).

Grilling also refers to intense direct heat similar broiling cooking process with only one
major difference. In grilling, the heat source is below (like with a barbecue grill), but in oven
broiling, the heating source is above. Grilling at 260°C has also commonly used because it
retains aroma and flavor in the foods (Sun, 2016). In a study, grilling process tested on spiked
fish with a-HCB, B-HCB, y-chlordane, aldrin and found the redaction level of 100, 90, 11, 67%,
respectively. They also revealed that the reduction in OCPs concentrations by ratio of 11% to

100% depending upon the type of pesticide and its sensitivity to heat (Fatin et al., 2016).
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Chapter Three

MATERIALS AND METHODS

3.1. Materials

3.1.1. Chemicals

Table 3.1. Chemicals and compounds used in the study

No. Chemicals Exclusive Manufactured by. Origin
1 | Cypermethrin (CMT) 94% Sigma-Aldrich GmbH | Germany
2 | Deltamethrin (DMT) 99% Sigma-Aldrich GmbH | Germany
3 | Hexachlorobenzene (HCB) 98% Sigma-Aldrich GmbH | Germany
4 | Hexachlorocyclohexane (a-HCH) 98% Sigma-Aldrich GmbH | Germany
5 | Chlorpyrifos (CPS) 96% Sigma-Aldrich GmbH | Germany
6 | Fenitrothion (FTN) 95.5% Sigma-Aldrich GmbH | Germany
7 | Blank samples (meat and fat) FP BARCC Brazil

8 | Hexane 99% Merck Ltd. Germany
9 | Acetonitrile (MeCN) 99.5% Merck Ltd. Germany
10 | Acetic acid (A.A) 99.9% Merck Ltd. Germany
11 | Primary and Secondary Amine (PSA) 40 um P.S Merck Ltd. Germany
12 | Octadecylsilane (C18) 50 um P.S Merck Ltd. Germany
13 | Sodium Chloride (NaCl) 99.5% Merck Ltd. Germany
14 | Anhydrous Magnesium Sulfate MgSO, 99.5% Merck Ltd. Germany
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3.1.2. Equipment

Table 3.2. The main instrument and essentials used in the study

No. Instruments Manufactured Co. Origin

1 LC- 10AV series System(HPLC) Shimadzu Corporation Japan

2 SPD-10A Ultraviolet detector (UV) Shimadzu Corporation Japan

3 QP Gas Chromatograph (GC) Shimadzu Corporation Japan

4 QP Mass spectrometry Detector (MS) Shimadzu Corporation Japan

5 HPLC column C18 (50 x 4.6 mm LD, 3 um P.S) Supelco Analytical Co. UK

6 GC colum-n DB-5 (30 m DB-5 x 0.25 mm I.D, Supelco Analytical Co. UK
0.1 pum thickness)

7 Stream nitrogen evaporator LabX USA

8 Oven Memmert 93/42 EEC Germany

9 Water bath HAAKE USA

10 | Refrigerator Profilo Turkey

11 | Freezer Hitachi Japan

12 | Autoclave KSG Sterilisatoren GmbH | Germany

13 | Vortex mixer REAX top, Heidolph, Germany

14 | Centrifuge Sigma UK

15 | Electric meat grinder SANSUI China

16 | Sensitive balance Mettler Toledo USA

17| Thermometer Acculab USA

18 Syringe filters (0.45 and 0.20 um pore size) Supelco Analytical Co. UK

19 | 50 mL falcon tube Fisher Scientific USA

20 | Poly propylene Centrifuge Tubes Fisher Scientific USA

21 | lce box JY-CL China

22 | Micropipettes Eppendorf © Germany

23 | Polyethylene Zip Bag Four star plastics China
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3.2. Sample collection
3.2.1. Real samples

Meat (n =150) and fat (n = 150) samples were collected from carcasses of local animals
raised from Darbandikhan, Said Sadiq, Arbat, Bazian, Piramagrun districts, after slaughtering the
animals at Sulaimani new slaughterhouse. The collection strategy was equalization of sampling
from cattle (n = 50), sheep (n = 50) and goats (n = 50) carcasses.

All samples were taken from hind quarter of animals and packed in polythene zip lock
bags in cold box with respective labels in order to avoid any contamination transferred to
laboratory and kept at —18°C. Each sample was divided into three equivalent portions to make
450 samples (150 x 3) for meat and 450 (150 x 3) for fat samples. The first portion of meat (n =
150) and fat (n = 150) samples was straightforwardly prepared for extraction and analysis by
HPLC-UV and GC—MS. The second portion of meat (n = 150) and fat (n = 150) was transferred
for boiling heat treatment; then, prepared for extraction and analysis. The third portion of meat (n
= 150) and fat (n = 150) samples was also transferred for broiling heat treatment then, prepared
for extraction and analysis by HPLC-UV and GC-MS.

All samples were collected from July to October form adult cattle, sheep and goats of 12 —

18 months old.

3.2.2. Blank samples

Blank meat (250 g) and fat (250 g) samples were acquired from cattle free from the studied
pesticides. Aliquot meat and fat samples used for selectivity test, aliquot spiked for recovery
studies, and the rest used to prepare matrix- matched calibration standards and sensitivity studies.
The blank samples verified to confirm the existence or below limit of detection (BLD) of studied

pesticides before the use for spiking studies.
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3.3. Standards preparation

Individual stock solutions were prepared including of cypermethrin (CMT), deltamethrin
(DMT), hexachlorobenzene (HCB), a-hexachlorocyclohexane (a-HCH), chlorpyrifos (CPS), and
fenitrothion (FTN). Concentrations of 100 mg/L were prepared from standards with acetonitrile
in a pyrex glass vials, and stored at —18°C in a dark amber bottle. Working standard solutions
(WSS) were prepared at a concentration of 50 mg/L from the stock solution in acetonitrile.
Solutions were prepared for internal multistandards, multistandards for spiking meat and fat
samples for recovery, linearity, and sensitivity studies. All the solutions were protected against

light with aluminium foil and stored at — 4°C.
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Table 3.3. Standard preparations and spiking levels in meat and fat tissues

Working Used Vol (uL) | Conc. of Used Vol (uL) Total conc. of Matrices (meat | Conc. of each
Standard of single analytes (ug/ | multistandard six analytes and fat) weight | analyte in 2g
Solution (WSS) | standard 20 L) sol. (Mg/120 pL) (9) matrix (mg/kg)
Preparation for meat samples
1mg/L 20 0.02 120 0.12 2 0.01
2.5 mg/L 20 0.05 120 0.3 2 0.025
5 mg/L 20 0.1 120 0.6 2 0.050
10 mg/L 20 0.2 120 1.2 2 0.1
20 mg/L 20 0.4 120 2.4 2 0.2
50 mg/L 20 1 120 6 2 0.5
Preparation for fat samples
1 mg/L 20 0.02 120 0.12 2 0.01
2 mg/L 20 0.04 120 0.24 2 0.020
5 mg/L 20 0.1 120 0.6 2 0.050
10 mg/L 20 0.2 120 1.2 2 0.1
20 mg/L 20 0.4 120 2.4 2 0.2
50 mg/L 20 1 120 6 2 0.5




3.4. Chromatography operating parameters
3.4.1. HPLC-UV System

The pesticides concentrations were detected by high performance liquid chromatography
(HPLC) system. The eluted peaks were monitored by SPD-10A UV detector. To follow Al-
Rimawi, (2014) method with some modification depending on and Kromidas recommendations
in 2017, separation was performed on a reversed phase using C18 (50 x 4.6 mm LD, 3 um P.S)
column.

The column temperature was controlled at 35°C and the mobile phase (Water (% 0.1 A.A)
/MeCN 20:80, v/v)) as an isocratic elution, and pumped at a flow rate of ImL/ min and the wave

length of the UV detector was fixed at 260 nm. Each sample was run for 10 min.

3.4.2. GC-MS System

Gas chromatograph QP GC was equipped with a QP mass spectrophotometer detector
(MS) to detect and quantify the pesticide residues. To follow Sartarelli et al. (2012) method with
some modifications, separation was performed with capillary column of a 30m DB-5, with 0.25
mm 1.D and 0.1 pum film thicknesses. The injector, interface, and ion source temperatures were
kept at 250°C. Splitless injection (1.0 min) was also performed with using helium as a carrier gas
with a flow rate of 0.75 mL/min. The oven temperature was set at 4°C /min from 120°C to
190°C. Next, the temperature was increased from 32°C / min to 270°C, and was held for 4 min.
The mass spectrometer was operated with scan mode, put between m/z 45 and m/z 475 daltons,
which can detect analytes in a solvent to limit of 1.0mg/kg. Lower concentrations can be

detected in the SIM (single ion monitoring) for each compound.
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3.5. Preparation real samples:
3.5.1. Extraction samples

Based on previous original QUEChERS technique for extraction (Anastassiades et al.,
2003) and cleanup procedure (Lehotay et al., 2005b) were applied with little modification. Meat
and fat samples were blended well prior to use. Meat samples (2g) were taken and transferred to
a 50 mL falcon tube. For the first step of extraction, single — phase extraction was performed by
adding 4 mL acetonitrile (MeCN) (containing 1% Glacial A.A) to the meat samples.Then,1.6 g
anhydrous magnesium sulfate (MgSQO,), and 0.4 g sodium chloride (NaCl) were added and the
mixture agitated in a vortex mixer for 1 min. The mixture was centrifuged at 3000 rpm for 3 min
at room temperature to separate the phases which is called liquid-liquid partitioning (LLP). For
the second step which is called dispersive solid-phase extraction (d-SPE), the cleanup was
performed by taking the supernatants, corresponding to the organic solvent MeCN, and
transferred to a tube containing 70 mg primary secondary amine (PSA), 70 mg octadecylsilane
(C18), and 150 mg MgSQ,. The tube was shaken by hand for half a min, and centrifuged at 3000
rpm for 1 min. The supernatant was filtered by syringe filter (0.45um pore size). The filtered
supernatant was subjected to evaporation under a stream of nitrogen to remain 1 ml and stored at
4°C. Samples were transferred for analysis by HPLC-UV and GC-MS.

For fat samples, the extraction and cleanup procedures used were adapted with the original
developed QUEChERS method for extraction (Mastovska and Lehotay, 2006), and cleanup
(Lehotay et al., 2005a) procedure with little modifications.The samples were thawed at 4°C
overnight and blended prior to use. Blended samples (2g) were transferred to a 50 mL Falcon
tube. For the first step, double - phase extraction was performed by adding 5 mL hexane to the

tube and agitated in a vortex mixer for 1 min; next, 10 mL MeCN (containing 1% (v/v) of A.A)
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was added and mixed by vortex mixer for 1 min. Then, 1.6g anhydrous MgSQO,, and 0.5 g NaCl
were added and the mixture was agitated again in a vortex mixer for 1 min. The mixture was
centrifuged at 3000 rpm for 3 min to separate the phases (liquid-liquid partition). The upper
phase, corresponding to the organic solvent hexane, was drawn off with the aid of a pipette and
discarded. The next phase, corresponding to the organic solvent MeCN, was transferred to a tube
containing 70 mg of the adsorbent PSA and 150 mg MgSO,. The tube was shaken by hand for
half a min and centrifuged at 3000 rpm for 1 min. The supernatant was filtered by syringe filters
(0.45 and 0.20 pm pore size, successively).The filtered supernatant of each sample was subjected
to evaporation under a stream of nitrogen to remain 1ml and stored at 4°C. Samples were

transferred for analysis by HPLC-UV and GC-MS.

3.5.2. Quantification of pesticides residues in real sample
The concentration of the pesticides residues in mg/kg was calculated for meat and fat
samples as follow (Singh, 2017)

- . As Cstd _ Vf
Pesticides residue (mg/kg) = Astd X Ws X Vs X1 stg
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Table 3.4. Retention times and peak areas in meat and fat samples analysed by HPLC-UV

Pesticides | Rt(min) | ASspiked | ASMMC AS Std
Meat samples
1 | Hexachlorobenzene 1.91 117171 125346 132980
2 | a-Hexachlorocyclohexane 3.25 118087 127890 135893
3 | Cypermethrin 4.42 105936 111593 118121
4 | Chlorpyrifos 531 117147 129342 134662
5 | Deltamethrin 6.5 119747 125093 133772
6 | Fenitrothion 7.75 100206 109893 115331
Fat samples
1 | Hexachlorobenzene 1.91 136730 149728 165783
2 | a-Hexachlorocyclohexane 3.25 119803 130901 141998
3 | Cypermethrin 4.42 105766 118001 132330
4 | Chlorpyrifos 531 103512 112990 124381
5 | Deltamethrin 6.5 109958 120377 131183
6 | Fenitrothion 7.75 91569 105344 114991

Table 3.5. Retention times and peak areas in meat and fat samples analysed by GC-MS

Pesticides | Rt(min) | ASspiked | ASMMC AS Std
Meat samples
1 | Hexachlorobenzene 2.93 108294 113898 118909
2 | a-Hexachlorocyclohexane 3.83 139257 146894 152243
3 | Fenitrothion 5.46 184876 189410 195989
4 | Chlorpyrifos 7.44 116927 124000 128801
5 | Cypermethrin 8.52 105032 110798 116102
6 | Deltamethrin 9.75 73940 80782 84401
Fat samples
1 | Hexachlorobenzene 2.93 104619 115785 125002
2 | a-Hexachlorocyclohexane 3.83 144281 158980 169984
3 | Fenitrothion 5.46 178831 182786 197001
4 | Chlorpyrifos 7.44 116301 124879 137091
5 | Cypermethrin 8.52 107274 116878 129900
6 | Deltamethrin 9.75 79878 88080 99102

Values are referring concentration of 10 mg/L standards at spiking level of 0.1 mg/kg. R.t =

retention time, AS = peak areas, MMC= Matrix-Matched Calibration standards.

57




According to EC No.SANTE 11813/2017, discrepancies between the concentrations of
new and old standard solutions may normally differ by more than £10%, which could be due to a
number of factors such as, simply analyte degradation, analyte precipitation, solvent evaporation,
differences in the purities between the old and new reference standards; hence the readings were

accepted as above.

3.6. Validation study
All methods in this study validated according to internationally accepted criteria of EC
No..SANTE/11813/2017 i.e., selectivity, accuracy (recovery percentages), precision, linearity,

sensitivity (limit of detection and quantification), and matrix effects.

3.6.1. Method specificity and selectivity

Analytical single standards form stock solutions were injected to HPLC and GC system
separately to identify the analytes retention time. To improve the analytical retention time
validations, multistandard solutions injected into HPLC and GC system and maximum retention
time tolerance range checked based on EC No.SANTE/11813/2017 criteria (+ 0.2 min). This is
performed because the detector response of individual pesticides in multipesticide calibration

standards may be affected by one or more of the other pesticides in the same solution.

3.6.2. Recovery

Recovery values were obtained by spiking meat and fat samples with specific standard
concentrations. The spiked samples analysed and the obtained concentrations pesticides after
spiking were compared with the same concentrations of standard been spiked into samples. For
meat and fat samples, multistandard solutions were spiked into samples in different

concentrations separately (0.01, 0.025, 0.05, 0.1 and 0.01, 0.020, 0.05, 0.1 for meat and fat
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samples, respectively). Samples homogenized for two minutes and left for 40 minutes to allow
the pesticides to penetrate into the matrix. Then, spiked meat and fat samples were transferred
for extraction by QUEChERS method.

The injection concentration of 0.01 to 0.1 mg/ kg was considered for fortification in meat
and fat samples for recovery study, this is because; firstly, the amount of analyte added to the test
portion is advised to be around one to five times the estimated amount of the analyte already
present in the sample, which is recommended by EC No. SANTE/11817/2017. This technique
performed to obtain the highest method reliability during screening. The analyses were
performed in three successive days with the same instruments, same analyst and same
atmosphere temperature. The data were collected and average values were calculated per day for

each analyte to validate the results.

In recovery study, the spiked concentration values were found as this equation (Nilsen, 2010)

As —1
Conc = )
Y

The recovery values were also found as this equation (Nilsen, 2010)

Found conc.post spiking
Recovery % = — x 100
Initial conc.

The results of recovery for each analyte were assessed with minimum and maximum
recovery values which has been allowed by EC No. SANTE/11813/2017 criteria (70% — 120%).
The ability of the method to screen the target analyte was expressed by Extraction Efficiency
(EE %), which is also evaluated by the recovery percentages. Since it's impossible to extract
more analyte concentration than the initial amount in the samples, the extraction efficiency was

not validated to be greater than 100%, while validated for recoveries. Hence, any tiny found

59



concentration greater than initial, was accounted as an error in signals (signal enhancement) due

to matrix co-extractive effect.

3.6.3. Precision

The method precision in this study was determined by intermediate precision (inter-day)
assay. The intermediate precision was expressed by results of deviations of three successive days
(n = 3) which referred nine analyses involving three analyses per each day. The precision values

were also evaluated under EC No. SANTE/11813/2017 (< 20%).

3.6.4. Matrix-Matched Calibration assay (MMC)

Matrix-matching standards (standards added to blank extracts) were performed regarding
EC No. SANTE/11813/2017 recommendations, to minimize matrix effects during analysis.
Standard solutions prepared at a concentration of 50 mg/L of acetonitrile. For meat samples,
matrix-matched standards were prepared by diluting solutions to prepare 1, 2.5, 5, 10, 20 and 50
mg/L. Similarly for fat samples, standard solutions were diluted to prepare 1, 2, 5, 10, 20 and 50
mg/L. Later, 120 pL of each prepared multistandard solution spiked into the extracted blank
solutions of meat and fat samples to obtain concentrations of 0.010, 0.025, 0.050, 0.100, 0.200
and 0.500 mg/kg of spiked meat and 0.010, 0.020, 0.050, 0.100, 0.200 and 0.500 mg/kg of
spiked fat extracts. Matrix-matched standard solutions of meat and fat samples transferred to
HPLC-UV and GC-MS for analysis. The peak areas were obtained and the MMC curves were

built for each analyte.
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3.6.5. Linearity

The linearity can be tested using standard solutions or spiked blank samples. The latter
option is more preferred because the slope and intercept values in the calibration curve of spiked
standards would incorporate the calculation of sensitivity study (EC No. SANTE/ 11813/2017).
Hence, the matrix-matched standards were used to evaluate linearity across the working range of
the analytical method. To construct X and Y axis for the calibration curves, spiked
concentrations plotted versus the recorded peak areas. All the calibration datasets of 0.010,
0.025, 0.050, 0.100, 0.200 and 0.500 mg/kg for meat and 0.010, 0.020, 0.050, 0.100, 0.200 and
0.500 mg/kg for fat samples were used to construct the calibration curves.

Later, the standard deviation of intercept (responses) (SDI) values and calibration curve
slopes (y) proposed to validate the test sensitivity. The acceptability of the regression model was
confirmed by the determination of correlation coefficients (r%). The linearity of the model for
significance level (0.05) was validated by calculating standard error of intercept (responses)

(SEI) for each analyte and was used to assess method of sensitivity.

3.6.6. Sensitivity Assay

The concentration of analytes that produce a signal peak of 3 folds up the background
noise of the chromatogram was set as the limit of detection (LOD) value (Al-Rimawi, 2014).
Hence, LOD was calculated using the equation LOD = 3.3 x SD / b, where b is the slope of the
calibration curve and SD is the standard deviation of the curve intercept (Sahu and Nelapati,
2018). The concentration of analytes that produce a signal peak of 10 folds up the background
noise of the chromatogram, were set as the limit of quantification (LOQ) of the method (Al-

Rimawi, 2014). Hence, the limit of quantification was calculated as LOQ = 10 x SD / b (Sahu
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and Nelapati, 2018). LODs were kept in minimum for each analyte; hence, several spiking levels

were tried till the acceptable LOD and LOQ obtained for each pesticide.

3.6.7. Matrix Effect

In order to evaluate the influence of matrix components on the detector’s response, the
matrix effect was assessed. Quantitation was performed by comparing peak areas of calibration
standards involving matrix-matching (standards added to blank extracts) and non-matrix-
matching (standards in solutions). The evaluation was performed by comparing peak areas of the
matrix-matched solutions with the analytical multistandards signals at the same concentration.
For this approach the analytical multistandard solutions with known concentration of 10 mg/L

was prepared and analysed with HPLC-UV and GC-MS for meat and fat samples to obtain the

standards peak area (standards signal) called AS standarg- Next, a blank sample extracts were

spiked with multianalytes to prepare concentration 0.1 mg/kg (corresponding 10 mg/L for each

analyte); thereafter, analysed with HPLC-UV and GC-MS for meat and fat samples. The giving

peak area (matrix-matched solution signal) was expressed as AS pMm sample-

The data were put into the ME% equation and the ionization suppression /enhancement

effect were calculated as follow: (Vu-Duc et al., 2019, Rutkowska et al., 2018).

AS post extrraction spiked matrix(AS MMsample)—AS standard
ME% = X 100
AS standard

Matrix effect percentages assessed in the base of ME% standard values in which less than
100% indicates ionization suppression and over 100% indicates ionization enhancement due to
co-eluting sample compounds (Pang, 2018). The “reduce matrix effect” does not mean reduced

value of %ME, but also means the ME% ionization value becoming closer to 100%.
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3.7. Thermal treatment study
3.7.1. Boiling process

Meat (n =150) and fat (n =150) samples were about 50g, and placed in low-density water-
impermeable polyethylene bags separately. Next, all samples were cooked in boiling water
at100°C for 30 min using a water bath and the temperature were monitored with thermometer
during the test. After the boiling process, all the treated samples were transferred to —10°C and

prepared for extraction.

3.7.2. Broiling process

Similarly, meat (n = 150) and fat (n =150) samples were about 50g, and placed on a glass
bowl and broiled in a preheated air oven at 176°C for 20 min, and being turned upside every 5
min during the test. The oven temperature was also monitored by the oven thermometer gauge
during the experiment. After the broiling process, all the treated samples were transferred to

—10°C and prepared for extraction

3.8. Processing of results and statistical data analysis

The findings of this project were designed and analysed statistically by using computer
programs of Excel (Analysis ToolPak, Regression), SPSS Software (One-way ANOVA, Post
Hoc = Duncan, Student t-test). Multiple ranges were used to significantly compare means (p <
0.05) of pesticide residue concentrations between and within species, HPLC-UV and GC-MS

data, boiling and broiling data, and between and within districts data.
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Chapter Four

RESULTS AND DISCUSSION

4.1. Optimization of extraction and cleanup in meat and fat samples

Many food types have a fat composition of 2% — 20% including milk, fish, shellfish, liver,
kidney, meat from poultry, pork, cattle, small animals, and eggs. In fatty food samples, occurring
pesticides are fat and water soluble, so analytical methods should focus on non-polar and polar
pesticides (Hercegova et al., 2007).

QUEChERS method can extract polar and non-polar pesticides in the same matrix, it
depends what modification is performed in the procedure during extraction. In this study, same
extraction method used for samples analysed by HPLC and GC, because, when samples
extracted and cleanup by QUEChERS method, it can be injected to both LC and GC with
providing best recovery (Mastovska and lehotay, 2006).

Since the concentrations of pesticides in any kind of food samples including meat, are
quite low; hence, sample pretreatment for pesticide analysis can be considered a key step in the
whole analysis process which include pesticide extraction method (Liu et.al., 2016).

For extraction pesticides in meat samples, at the beginning of the study original
QUEChERS methods were applied for extraction (Anastasides et al., 2003) and for cleanup
(Lehotay et al., 2005b). The method contained liquid-liquid partitioning (LLP), in which single-
phase extraction and performed and for the second step (cleanup step), which is called dispersive
solid-phase extraction (d-SPE). The obtained recovery values ranged between 60 to 74% for
HPLC and GC analysis, with high RSD values (>20%) which was not acceptable. Hence, the
QUEChERS method was modified. By reduction sample weight from 10g to 2g, 10mL MeCN to

4 mL, 4g MgSO4 to 1.6 g and 1g of NaCl to 0.4g in the extraction step, and in the cleanup step
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increasing amount of each PSA and C18 from 50 mg to 70 mg, acceptable recoveries of 78.08 -
101.5% and 79.2 to 104.3% (Table 4.1) obtained in HPLC and GC analysis, respectively which
were in the range of EC No. SANTE/11813/2017 guidelines (70 —120%) and acceptable
precision (RSD) values obtained which ranged from 0.5 -15.7% and 0.32 t014.6% in HPLC and
GC respectively, which were satisfactory according to EC No. SANTE/11813/2017 (< 20).

Similarly, for fat samples, the original QUEChERS method was considered for first step of
extraction (Mastovska and lehotay, 2006), and original QUEChERS method used for second step
of extraction which specified for high fat samples (Lehotay et al., 2005a).

The recovery values obtained for the pesticides varied from 65 to 78, with high RSD
values (>20%) in HPLC and GC analysis which was not acceptable. Hence, the method was
modified in the second test samples weight (2 gm) used, and remaining 5mL hexane, 10mL
MeCN, and 0.5 g NaCl, same as original procedure with reduction 4 g MgSO4 to 1.6 g, in the
extraction step. In the cleanup step also PSA amount increased from 50 mg to 70 mg and
remaining MgSO4 (150 mg) same as original procedure. Single and double filtration steps also
performed with the extracted solutions for meat and fat samples, respectively.

For fat samples, the obtained recovery and RSD rates were between 77.3 -106.2 % in
HPLC and 81.5 to 98.6% in GC analysis (Table 4.1), which were in the range of EC No.
SANTE/11813/2017 guidelines. The relative standard deviation (RSD) were also between 0.23 -
12.9 in HPLC and 0.3- 9.3% in GC analysis, which were in the range of EC No.
SANTE/11813/2017 guidelines.

Modification of QUEChERS method has also been proposed by Sartarelli et al., (2012) for
extraction of 3 PYRs, OPPs, and PPs, in meat and fat by GC-MS and also used by Oliveira et al,

(2018), for extraction of 188 PYRs, OCs and OPs in meat and analysed by HPLC- MS. Other
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kind of modification of QUEChERS method for extraction pesticides was also made by
Paramasivam et al, (2011) for extraction 17 OCPs in meat and analyzing by GC-ECD.

Traditionally, pesticides have been extracted by liquid-liquid extraction (LLE) and
dispersive- solid phase extraction (d-SPE); however, these extraction procedures are not
recommended as they are time consuming, multistep procedures, and need large amounts of
organic solvents. By contrast, the use of QUECHhERS technique has recently become a very
popular technique for the determination of pesticide residue in different foodstuffs, due this
technique skips many complicated analytical steps used in the traditional methods, ease to
modify, requires low solvent, incurs low cost of the analysis per sample and consume little time
and work (Kim et al., 2019). Hence, it has been widely used and has been modified many times
for determination of multiclass pesticide residues in different foodstuffs such as vegetables and
fruits (Singh et al., 2018, Chawla et al., 2018), cereals (Koesukwiwat et al., 2009), honey
(Barganska et al., 2018), meat (Oliveira et al., 2018, Arioli et al., 2019), and fat (Zamariola et al.,
2017).

In this study, for the first step of extraction (LLP) in meat samples, original QUEChERS
method (Anastasiades et al., 2003) was used because, these method do not need buffer for the
extraction. While, for LLP in fat samples, originial QUEChERS method was used (Mastovska
and lehotay, 2006), because it involves hexane, which serves defatting and provides the best
extraction process when combined with acetonitrile in the extraction procedure.

For the second step, (d-SPE) the original QUEChERS methods of Lohety et al, (2005a)
and Lohety et al., (2005b) was used for fat and meat samples, respectively this is because it
involves large mass of PSA, this is due to the fact that PSA, C18 and MgSQ,, in extraction of

pesticides provide high level of cleanup (Okihashi et al., 2007).
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Regarding the chemical components used in QUEChERS technique, the MeCN was
selected for the extraction of pesticides in meat and fat samples because of its effectiveness in the
extraction of polar and non-polar pesticides from the diverse range of matrices (Paramasivam et
al., 2011), and miscible with water and it can penetrate water-based matrices for the extraction of

the target analytes (Lee et al., 2017).

It has also been demonstrated that phase separation is more successfully achieved using
MgSO4 and NaCl together rather than MgSQOa4 alone because the addition of NaCl leads to the
presence of fewer co-extractives. The salt combination (NaCl, MgSQO,) is commonly used as a
drying salt because they effectively bind with organic acids, polar material and/or glucosides,
removes residual water, and produce exothermic hydration reaction which elevates temperatures
that required to efficiently extract of non-polar pesticides (Lehotay, 2011).

The cleanup step in meat samples extraction was improved by increasing PSA and C18
from 50 mg to 70 mg. PSA can effectively eliminate matrix components such as organic acids,
certain polar pigments, and sugars from the meat and fat extracts. C18 can also thoroughly
remove fatty acids which are considered the main co-extract of the non-polar pesticides in meat,
among other components (Zamariola et al., 2017, Paramasivam et al., 2011).

For cleanup in meat and fat samples, the addition of filtration step(s) was/were another
modification which prompts the cleanup and prepares the solution for injection (Paramasivam et
al., 2011).

The difficulties of the method for the extraction pesticides are when minor or major
modification performed with the extraction method, such as extraction volume, and last
concentrate evaporation temperature (Li et al., 2014). Therefore, several volumes and amount of

sorbents were tested to achieve acceptable recoveries.
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Co-extractives in extract produce extra peaks, poor peak resolution and loss of detector
sensitivity (Stefanelli et al., 2009). Therefore, in this study “cleanup step” was mostly considered
to optimize and adapt the QUEChERS procedure with chromatography; firstly, to obtain
acceptable recovery, RSD, maximize extraction efficiency, and peak resolution; secondly,
because insufficient sample cleanup from the co-extractives in the extract causes deterioration
chromatographic system and detectors which precludes reliable results (Koesukwiwat et al.,
2009).

Under the optimized chromatographic conditions, a satisfying separation was achieved for
HPLC and GC technique with symmetrical and high resolution peaks in the retention times of
1.91 to 7.75 min for HPLC (Appendices B1, B3) and 2.93 to 9.75 min for GC (Appendices B5,
B7) for the six analytes. These due to the minimum co-extractives were presence in the meat and

fat samples extracts.

4.2. Validation study

Detection capability must not be confused with that the non-detected compounds are not
present in the matrices, it may present but in the level below the detection limit (BDL).This can
only be proved by validation studies, which showing the specific method that is employed on
specific matrices and detect the studied compounds as present at the levels of concern or
quantifying the exact existence level (Zeigenbaum and Stone, 2009), this is totally recommended
by EC No. SANTE/11813/2017.

In this study, the blank extracts eliminated a false positive in the extraction process,
analytical standards also spiked blank removed false negatives, and spiked blanks assessed the

extraction efficiency, matrix effect and calibration curves checked both, sensitivity and linearity
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in the working range of concentrations in order to avoid quantitation mistakes caused by possible

matrix co-extractives and instrumental fluctuations.

4.2.1. Recovery values
4.2.1.1. HPLC analysis

In HPLC analysis, the recovery values and RSDs were obtained using spiked samples at
four different concentrations for meat and fat samples. Acceptable recoveries were obtained
(78.08-101% and 77.3-106.2 % for meat and fat samples, respectively) which meets the EC No.
SANTE/11813/2017 guidelines. Hence, the extraction procedure that employed in this study was
efficient in recovering the amount of residues present in meat and fat samples. These results
demonstrating that the matrices co-extracts of meat and fat samples have little affected the

extracted analytes (Table 4.1).

Table 4.1. Recovery and relative standard deviations (RSD %) in different spiked concentrations

of meat and fat samples.

) Recovery + (RDS %), n=3
Spiked level
Meat samples
(mg/kg)
CMT DMT HCB o-HCH CPS FTN
0.01 78.08£5.9 | 97+15.7 80.8+5.1 83.8+13 85.9+11 97.7+2.5
0.025 90.4+5.4 | 101+5.7 98+9.3 83.7+11 79+11.9 96.6+3
0.05 88.1+8 10145.8 94.6+7.5 | 88.5+5.9 88.8+10 97.6+2.1
0.10 97.7+1 99.6+£1.7 | 98.7£0.5 | 97.1+1.1 97.9+1 99.2+0.7
Fat samples
0.01 96.7+3.7 | 77.3+4.2 | 80.9+6.5 98.8+13 93.8+6.1 91.5+12
0.020 94.8+2.3 81.1+7 82.3+12.3 88.6+9 97.7+7.7 | 106.2+3.9
0.05 104.5+1.2 | 86.5+2.7 | 93.9+12.9 | 102+1.6 103.7£3 | 99.04+4.7
0.10 99.1+0.23 | 97.4+0.6 | 97.2+1.2 | 98.8+0.4 | 99.2+0.5 | 100.06+1
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Moreover, the intermediate precision was expressed by the RSD of the results of nine
analyses performed on three different days (n=3). In the HPLC analysis, the obtained inter-day
RSD was 0.5-15.7% for meat and 0.23-12.9% for fat samples in the four different spiked
concentrations, which meets the EC No. SANTE/11813/2017 guidelines (RSD < 20%) (Table

4.1).

4.2.1.2. GC analysis

In GC-MS analysis, satisfactory recovery values and RSDs were also obtained for meat
and fat samples in four different concentrations, which ranged from 79.2 —104.3% and 81.5 —
98.6 % for meat and fat samples, respectively and meets the criteria reported in EC No.
SANTE/11813/ 2017. Hence, it can be stated that the extraction procedure that applied in this
experiment was efficient in recovering the maximum amount of residues present in the samples.

The precision in GC-MS was also determined by intermediate precision (inter — day). The
RSD of the results of nine analyses performed on three different days. The obtained RSD was
0.32 —14.6% for meat and 0.3 — 9.3% for fat samples, which meets EC No. SANTE/11813/2017
guidelines (RSD < 20%) (Table 4.2).

According to Vogel et al., (1989), yields close to 100% are quantitative, yields above 90%
are excellent, yields above 80% are very good, yields above 70% are good, yields above 50% are
fair, and yields below 40% called poor recovery and the method is inapplicable; hence, it can be
stated that overall recoveries obtained for meat and fat samples in HPLC and GC analysis in this

study are good to quantitative and advisable to be applied.
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Table 4.2. Recovery and relative standard deviations (RSD %) in different spiked meat and fat

samples.
Recovery £ (RDS %), n=3
Spiked level
Meat samples
(mg/kg) CMT DMT HCB a-HCH CPS FTN

0.01 79.2+7.4 | 85.8+1.7 | 85.8+13.09 | 82.7+3.8 | 88.3+13.3 | 97.6+6.3
0.025 82.7+7 88.9+1.8 | 86.1+10.2 | 104.3+4.6 | 91.4+8.6 96.2+3.1
0.05 86.8+4.1 | 93.5+1.3 | 88.6+14.6 | 98.7+5.1 92.1+9 96.3+4.8
0.10 97.3x0.9 | 98.1+0.3 | 98.07£15 | 97.5£3.1 | 98.6x1.5 99.6+0.6

Fat samples
0.01 91.2+49 | 88.7+x4.5 8745.3 83.2+7.6 | 82.5+7.3 81.5+5
0.020 88.4+2.3 | 86.3+6.8 | 85.9+3.8 | 86.846.9 | 87.6+9.3 | 84.5+3.4
0.05 03.5+2.1 | 92.5+28 91.7+5 9052 | 95.6+3.3 | 90.8+2.2
0.10 98.6+0.3 | 98.3+0.6 98.3+0.4 | 98.2+0.3 | 97.9+1.2 97.6+0.4

These results agreed with the results obtained by Oliveira et al. (2018), who obtained
recoveries value of 70.2 — 108.5% with RSD 4 —20 % using modified QUEChERS method with
HPLC-MS to quantify multiresidues of 188 PYR, OCPs and OPPs in beef meat, and it is also
agreed with modified QUEChERS method conducted by Paramasivam et al. (2011), who
obtained recoveries values between 70 —110 % and 84 — 99 % with RSD 4 — 9.29 and 2.97—
8.42% in spiked and naturally contaminated sheep meat samples respectively, for detection of 17
OCs and 11 PYRs by GC-ECD. Results in this study also agreed with Zamariola et al. (2017)
recovery values (75% to 93% with RSD <13%) using modified QUEChERS method in extract
spiked fat with 10 PYRs and OCs pesticides analysed by GC-ECD.

However, the recovery values of extraction method of this study was better than recovery
percentages (81-129 %) and RSD (0.4-27 %) for meat samples and recovery percentages (70 —

123%) with RDS (0.5 —25 %) for fat samples obtained using modified QUEChERS method from
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spiked beef meat and fat with 3 PYRs, OPs, and PPs pesticide that analysed by GC-MS
(Sartarelli et al., 2012).

Finally, accuracy results in this study was not better than accuracy obtained by Letta and
Attah., (2013), who obtained recovery values of 82.9 — 99.2% and RDS of 1.4 —7.2% using
other methods like modified SPE for extraction of 8 OCPs in meat samples in five concentration
level and analysis by GC-MS.

It is worth to mention that, some of the tested compounds showed lower recovery than
others. This might be due to some kind of interaction which could not be corrected with matrix-
matching, or could be due to samples that have been decomposed through extraction and/or
cleanup, or evaporation (Okihashi et al., 2007), or could be occasionally related to the active
sites in the chromatography system because liners and columns have active sites which cause the
system to give a lower response after running a few samples; therefore, in chromatography
methods more than 5% variability recovery for the entire methods process is a usual
consideration due to the positive bias on a chromatography system (Smith, 2013). Some
recoveries percentages and RSD also presented high (>100%) in HPLC and GC data for meat

and fat samples, this could be signal enhancement of co-extractives in the extract.

High RSD in some analytes in HPLC and GC might be due to the high amount of co-
extractives that interfered in the chromatography system (Okihashi et al., 2007). The main
analytical problem in chromatographic analyses of foods has been reported to be the complexity
of the matrix together with interfering co-extractive substances which may deteriorate the
chromatographic columns (Frenich et al., 2006). Therefore, the analysis of three groups of
pesticides in meat and fat samples are recommended to be cleaned up thoroughly prior to the

injection.

72



4.2.2. Linearity

Acceptability of linearity data is judged by examining the correlation coefficient and y-
intercept of the linear regression line for the response versus concentration plot. A correlation
coefficient of 0.999 is generally considered as evidence of acceptable fit of the data to the
regression line EC No. SANTE/11813/2017.

In this study, the linearity was evaluated by constructing regression graphs and the
acceptability of the regression model was confirmed by using all the calibration datasets. In the
HPLC-UV analysis, the obtained correlation coefficients (r’) for the six pesticides ranged
between 0.9998 - 0.9999 for meat and fat samples. In GC-MS analysis, the coefficients (r?) of the
six studied pesticides were also ranged from 0.9997 to 0.9999 for meat and fat samples for the
five different spiking levels, which considered as acceptable for the data to the regression line.

The residual plots presented that both used methods are sufficiently sensitive and little
errors presented and randomly distributed around the concentration axis (Appendices A).
According to (Kaonga et al., 2015), the response of the detector to any analysed pesticide by LC
and GC was found to be dependent on the studied matrix properties; therefore, the achieved
slope (y) values for the studied analytes in meat were close to each other, which was also true for
fat matrices. This could be due to the fact that the six anlytes extracted from same composition
matrices of meat and fat.

It was expected to obtain the lower slope values for the analytes in the fat matrix
compared with meat due to differences in the composition of the matrices, while, the way of
extraction and cleanup in QUEChERS might have minimised the co-extractives in both matrices
which also minimised the slop differences (Appendices A). This can be supported by a study in

which GC-MS was used for quantification of extracted PYRs, OPs, and PPs in meat and fat
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samples by QUEChERS method and obtained almost about same slope values in meat and fat

samples (Sartarelli et al., 2012).

4.2.3. Sensitivity assay, (Limit of detection (LOD) and Limit of quantification (LOQ))

Basic validations of qualitative and quantitative methods in this study were spiking of
extracted samples by five different concentrations to obtain data for LOD and LOQ values. The
LOD may be defined as the minimum concentration of contaminant (pesticide) in a food sample
that can just be qualitatively detected, but not quantitatively determined, under a pre-established
set of analysis conditions; whereas, the LOQ is the minimum concentration of a contaminant in a
food sample that can be determined quantitatively with an acceptable accuracy and consistency
by applying the complete analytical method. Hence, LOD could confirm the “below detection
limit”, presence and non-presence values, and LOQ could determine the ability of the analytical
method to quantify the lowest concentration of the analyte in the given sample. These all due to
the fact that the quantitative screen analytes in matrices needs a very sensitive method and

reliable assessment technique and must meet the criteria of EC No. SANTE /11813/2017.

In this study, the HPLC analysis showed that the LOD values ranged from 0.003 to 0.013
and 0.003 to 0.016 mg/kg for meat and fat samples, respectively and the LOQ ranged from 0.011
to 0.039 and 0.010 to 0.048 mg/ kg for meat and fat samples, respectively. In GC-MS analyais,
the LOD values also ranged from 0.004 to 0.014 and 0.0052 to 0.014 mg/kg in meat and fat
samples, respectively. The LOQ also ranged from 0.012 to 0.043 and 0.015 to 0.044 mg/kg
respectively.

The LOQ vales in all meat and fat samples in HPLC and GC analysis were below the
respective found pesticide concentrations. Regarding SANTE/11813/2017 criteria, this refers

that the method can detect the studied pesticides at an adequately low level which accentuates its
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validity and provides typical sensitivity. Very low LOD in this study also confirmed the
acceptable sensitivity of the method, because the aspect of low LOD is the key-factor for
evaluating analytical methods, as the lower LOD values, the lower probability of false negative

results
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Table 4.3. HPLC-UV analysis presenting, linearity range, regression equation, coefficients (), limits of detection (LOD) and

quantification (LOQ) for meat and fat samples (mg/ kg).

Pesticides Linearity | Regression equation | Regression equation I I2 LOD | LOD | LOQ | LOQ

range Meat Fat Meat Fat | Meat | Fat | Meat | Fat

CMT 0.01-0.5 |y=1067.8x +2148.6 |y=1160.1x +2090.4 | 0.9998 | 0.9998 | 0.013 | 0.016 | 0.039 | 0.048
DMT |[0.01-0.5 |y=1219.2x +1995.8 |y =1200.3x +87.178 | 0.9999 | 0.9999 | 0.009 | 0.006 | 0.028 | 0.019
HCB 0.01-0.5 |y=1249.x-785.5 y =1495.2x + 178.01 | 0.9999 | 0.9999 | 0.006 | 0.004 |0.018 |0.013
a-HCH | 0.01-0.5 |y=1262x - 1455 y=1299.3x +829.9 | 0.9999 |0.9999 | 0.005 | 0.003 |0.017 |0.010
CPS 0.01-0.5 |y =1258x + 2226.7 y =1128.5x + 1365.4 | 0.9998 | 0.9998 | 0.012 | 0.014 | 0.039 | 0.044
FTN 0.01-0.5 |y=1105.x - 630.4 y =1057.8x - 455.23 | 0.9999 | 0.9999 | 0.003 | 0.003 | 0.011 |0.010

Table 4.4. GC-MS analysis presenting, linearity range, regression equation, coefficients (r?), limits of detection (LOD) and

quantification (LOQ) for meat and fat samples (mg/ kg).

Pesticides Linearity | Regression equation | Regression equation I r2 LOD | LOD | LOQ | LOQ
range Meat Fat Meat Fat | Meat | Fat | Meat | Fat
CMT 0.01-0.5 |y=11955x +502.26 |y=1266.3x-385.31 |0.9999 |0.9999 | 0.014 | 0.0148 | 0.043 | 0.044
DMT 0.01-0.5 |y=2820.48x +835.28 |y =908.83x -1953.9 |0.9999 |0.9998 | 0.009 |0.0111|0.027 | 0.033
HCB 0.01-0.5 |y=1120.2x +1060.5 |y=1139.7x + 1142 0.9999 | 0.9999 | 0.006 | 0.0059 | 0.019 | 0.017
a-HCH 0.01-0.5 |y=14423x +846.02 |y=1572.2x +414.92 | 0.9999 | 0.9999 | 0.006 | 0.0054 | 0.020 | 0.016
CPS 0.01-05 |y=1102x +2010.9 |y=1082.7x+3710.9 |0.9998 | 0.9997 | 0.014 | 0.0052 | 0.043 | 0.015
FTN 0.01-0.5 |y=1900.6x +679.8 |y=1860.5x-2091.8 |0.9999 |0.9999 | 0.004 |0.0064 | 0.012 | 0.019
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4.2.4. Matrix effect study

In any multiresidue pesticide extraction method, there could be a residual matrix effect which
making it difficult to quantify some specific compounds in certain cases. Signal
suppression/enhancement, commonly called "matrix effect”, may cause serious problems
including inaccurate quantitation, low analyte detectability and increased method uncertainty
(Ucleés et al., 2017). Determination of the matrix effect allows the assessment of the reliability of
an existing HPLC and GC method (Matuszewski et al., 2003).

According to the HPLC readings in this study, matrix effects (ME %) ranged between — 4
to — 6.5% for meat and — 7.9 to — 10.9 % for fat samples, while in GC was — 3.35 to — 4.58% for
meat and — 6.47 to — 11.2% for fat samples. In both methods, the ME% were in the range of low
or mild signal suppression effect, because if the impact of the matrix was in the range from
—20% to +20%, which is considered as a mild signal suppression or enhancement effect, and If
ME% was higher than £20%, it is considered as a medium effect, and > + 50, is considered as a
strongly affected (Barganska et al., 2018). Such distributions can depend not only on the matrix
effect but also on the compound-matrix combination, and finally the detection technique (Pang,
2018, Barganska et al., 2018, Rutkowska et al., 2018). Obtaining mild or low ME% in this study
was attributed due to the matrix corrections performed through matrix-matched standards in meat

and fat samples.
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Table 4.5. Matrix effects in meat and fat samples detected by HPLC-UV, spiked level 0.1 mg/kg

versus standard concentration of 10 mg/L

Pesticides

ME% CMT DMT HCB a-HCH CPS FTN
Meat samples
Collected % 94.4+1.8 | 93.5£2.8 | 94.2+25 | 94.1+2.7 | 96.0+1.7 | 95.2+2.0
Loss % -5.6 -6.5 -5.8 -5.9 -4 -4.8
Fat samples
Collected % 89.1+2.6 | 91.7+2.9 | 90.3t1 92.1+3 | 90.8+2.8 | 91.6+1.8
Loss % -10.9 -8.3 -9.7 -79 -9.2 -84

Table 4.6. Matrix effects in meat and fat samples detected by GC-MS, spiked level 0.1 mg/kg

versus standard concentration of 10 mg/L.

ME% Pesticides | o7 DMT HCB | a-HCH | CPS FTN
Meat samples
Collected % 95.4+3.4 | 95.7£5.0 | 95.7£2.6 | 96.4+2.8 | 96.2+4.5 | 96.6+£1.8
Loss % -4.58 -4.28 -4.21 -3.51 -3.72 -3.35
Fat samples
Collected % 89.9+2.7 | 88.8£3.5 | 92.7+2.2 | 93.5£2.3 | 91.1 £0.8 | 92.7£1.7
Loss % -10.1 -11.2 -7.3 -6.47 - 8.90 -7.3

The matrix effects of fat samples in this study were more than that found by Zamariola et
al., (2017), who used QUEChERS with GC-MS and found ME% of -3% in PYRs (cis-
permethrin), -5% in OCP (dieldrin), while it was less than matrix effect of trans-permethrin
(+14%) and a-endosulfan (+21%).

ME% is not similar between analytes and matrices in both HPLC and GC methods, and
same pesticides in different matrix always show different matrix effect (Pang et al., 2006). This
difference may due to variation between different commodities to detector responses. Matrix

effects is different between each pesticide and different between meat and fat matrices this is
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because when using chromatography, the matrix effect depends on the co-elution of each
individual pesticide with co-extracted matrix components, which also vary between different
commodities (Kromidas, 2017).

In this study, the ME% in fat samples showed higher than in meat samples in both LC and
GC method. This could be due to, analytical problems associated with co-extractive extraction,
which are well known due to matrix interferences and causes signal suppression (Castillo et al.,
2012).

When a food extract is injected, the matrix components tend to fill (block) active sites in
the inlet and column, thus it reduces of susceptible analytes due to irreversible adsorption and/or
degradation (Vitha, 2016). This phenomenon results in a higher transfer of these analytes to the
HPLC and GC column and consequently higher or lower signals exists for solutions with matrix
compared with matrix-free solutions.

Practically, no cleanup method completely removes all the matrix components from a
crude extract. Therefore, occasionally the matrix components injected into chromatographic
system may lead to false in results, low analyte detectability, inaccurate quantitation (Hercegova

et al., 2006).
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4.3. Real sample analysis
4.3.1. HPLC analysis

In the HPLC analysis, the kind of pesticide that found in the highest concentration was
DMT in sheep fat samples (0.256 mg/kg)( Table 4.7) followed by HCB in cattle fat samples
(0.247 mg/kg), then DMT in sheep meat samples (0.218 mg/kg) and HCB in cattle meat samples
(0.213 mg/kg). High concentration of a-HCH also found in fat samples of cattle (0.204 mg/kg)

and sheep (0.201 mg/kg).

Table 4.7. Residual levels of pesticides in cattle, sheep and goat tissues analysed by HPLC-UV

Pesticides Cattle Sheep Goats
Meat Fat Meat Fat Meat Fat
CMT 0.067*V+ [0.079"®V+ [0.110°V+ [0.176°"™+  [0.079"®"*+ [0.091%" +
0.004 0.005 0.002 0.006 0.003 0.002
DMT 0.060"V+ [0.108%" + [0.218%% + 0.256°Y + 0.104°Y + 0.1265* +
0.005 0.008 0.011 0.010 0.006 0.005
HCB 0.213%+ [0.247°Y+ [0.136%¥+ [0.194°"™+  [0.094" + 0.121B* +
0.009 0.009 0.005 0.006 0.004 0.005
ey |0-161°%# 102047+ 10157% %  [0.201%*+  [0.093"7%  |0113M
a 0.009 0.008 0.007 0.005 0.005 0.005
CPS 0.135°"+ [0.200%+ [0.113*"™+ [0.169°" + 0.073"" + 0.108%" +
0.008 0.007 0.004 0.005 0.005 0.020
FTN 0.043%V+ [0.080°"+ [0.061°" + 0.095%" + 0.024™ + 0.0317%V +
0.002 0.003 0.003 0.005 0.002 0.003

ABCDE Different superscript letters denote significant differences within row (p < 0.05). YW*¥:%;

Different superscript letters denote significant differences within column (p < 0.05), Values refer

mean of 50 samples + Standard error of the mean (SEM).

Regarding pesticides, statistically there was no significant difference between pesticides
residual levels of CMT, DMT and FTN in cattle meat samples (P > 0.05); this was also true for
a-HCH and CPS. In sheep meat samples, no significant difference was also noticed between

HCB and a-HCH. There was also no difference between CMT, and CPS residual levels in sheep
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meat samples. In goat meat samples, no significant difference noticed between residual
concentrations between HCB, a-HCH and between CPS and CMT.

Regarding fat samples no significant difference (P > 0.05) found between CMT and FTN
and between a-HCH and CPS in cattle samples, while in sheep fat samples no difference were
noticed between CMT, HCB, and CPS. There was also no difference between HCB and a-HCH
in sheep fat samples which was true for goat samples. In goat fat samples, no difference also
found between DMT, HCB, and a-HCH residual concentration. No difference also seen between
residual concentrations of CMT and CPS in goat fat sample.

Regarding to species versus meat samples, significant difference were found between
cattle, sheep and goat meat samples in terms of residual levels of the “six pesticides” except
CMT between cattle and goat samples and a-HCH between cattle and sheep meat samples

Regarding species versus fat samples, there were also significant difference between
residual levels of the six studied pesticides in cattle, sheep and goats samples, except DMT
between cattle and goat fat samples, and a-HCH, between cattle and sheep samples.

However, CPS and FTN are two pesticides in the same group of OPs, but they presented in
different levels. High CPS concentration was found in fat samples of cattle, sheep and goat
which were 0.200, 0.169 and 0.108 mg/kg, respectively which were more than that found in meat
samples of cattle, sheep and goat samples (0.135, 0.113 and 0.073 mg/kg, respectively); while,
the lowest pesticides concentration found in this study was FTN in meat (0.043, 0.061, and 0.024
mg/kg) and fat (0.080, 0.095, and 0.031 mg/kg) samples of cattle, sheep and goats, respectively.

The level of CMT and DMT detected in cattle, sheep and goat meat tissues were high and
exceeded their MRLs (0.05 and 0.03 mg/kg, respectively) set by EU R No. 396/2005. Except

that, CMT residue in fat sample which was less than CMT MRL (0.2 mg/kg) set by EU R No.
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2377/90, 2004. DMT concentration in fat samples also found in level exceeded the DMT MRL
(0.05 mg/ kg) set by EU R No. 396/2005.

The levels of HCB and a-HCH in meat samples of cattle, sheep, and goat also exceeded the
HCB and a-HCH MRLs (0.01 mg/ kg) set by EU R No. 978/2017, beside that HCB just in cattle
fat samples was exceeded HCB MRL in fat (0.2 mg/kg) set by EU R No. 396/2005. Residual
levels of a-HCH in cattle and sheep fat samples were also higher than MRL of a-HCH in fat (0.2
mg/kg) set by EU R No. 396/2005, while it was not in goat fat samples.

CPS residual levels in cattle, sheep and goat meat and fat samples were also high and
exceeded than MRL (0.05 mg/kg) set by EU R No. 396/2005, By contrast, the residual level of
FTN in cattle and goat samples were low and below MRLs (0.05 mg/ kg) set by EU R No.
396/2005, except in cattle fat samples. In sheep meat and fat samples, FTN residual levels also
exceeded the FTN MRL.

Regarding the dominant pesticide in every species, in cattle species HCB was the highest
pesticide concentrations in their fat and meat samples (0.213, and 0.247 mg/kg respectively),
followed by a-HCH in meat and fat samples (0.161, 0.204 mg/kg respectively).While, in sheep
and goat samples, DMT was highest pesticide concentrations, as level of 0.218, 0.256 mg /kg in
sheep meat and fat samples respectively, and 0.104, 0.126 mg/kg in goat meat and fat samples

respectively.
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4.3.2. GC analysis

In the GC-MS analysis, DMT residual level in sheep fat samples presented the highest
level (0.248 mg/kg). Followed by, HCB in cattle fat samples (0.236 mg/kg). This was also true
for meat samples in which DMT showed the highest level of residual concentration (0.210
mg/kg), followed by HCB in cattle meat samples (0.204 mg/kg). Similar in HPLC analysis, FTN
residual level showed the lowest concentration in goat meat (0.019 mg/kg). CPS as an OPP was
expected to be found in low level, but it was found at high level in goat meat (0.071 mg/kg) and

fat (0.093 mg/kg) samples.

Table 4.8. Residual levels of pesticides in cattle, sheep and goat tissues analysed by GC-MS

Pesticides Cattle Sheep Goats

Meat Fat Meat Fat Meat Fat

CMT 0.060*" + [0.075°V+ [0.102°"+ [0.1695"*+ [0.076°" + 0.087°" +
0.004 0.005 0.004 0.005 0.003 0.002

DMT 0.057*" + [0.104°"+ [0.210°*+ [0.248%* + 0.100%" + 0.122%Y +
0.005 0.007 0.010 0.010 0.005 0.006

HCB 0.204°%+ [0.236Y+ [0.131%+ [0.185°Y + 0.091% + 0.114%9 +
0.008 0.009 0.005 0.006 0.004 0.004

g-HCH |0152%7% 101947+ 0151+ 101917+  10.090™+  0.109%+
0.009 0.008 0.006 0.005 0.005 0.005

CPS 0.124°+ [0.192%*+ [0.110%°"+ [0.156°"+ 0.0717" + 0.093%" +
0.007 0.006 0.004 0.004 0.005 0.004

FTN 0.040°V+ [0.077%V+ |0.059°V+ [0.0897 + 0.019"" + 0.029°%" +
0.002 0.003 0.003 0.004 0.002 0.003

ABCDE Different superscript letters denote significant differences within row (p < 0.05).

VW, XY, Z.

Different superscript letters denote significant differences within column (p < 0.05), Values refer

mean of 50 samples + Standard error of the mean (SEM).

Regarding species versus pesticides concentrations, there was significant difference
noticed between the six pesticides residual levels in meat between the three species samples (P <
0.05) except a-HCH between cattle and sheep meat samples which was also true for CPS.

Regarding fat samples, there was significant difference between the six pesticides residual levels

83



between the three species samples except residual levels of a-HCH between cattle and sheep
samples.

The level of DMT and CMT detected in cattle, sheep, and goat meat samples were high
and exceeded the DMT and CMT MRLs (0.03 and 0.05 mg/kg, respectively) set by EU R No.
396/2005. DMT levels in fat samples in the three species also were exceeded the MRL (0.05
mg/kg) set by EU R No. 396/2005. However, CMT residual level in fat samples found in high
concentration, there were still less than MRLs (0.2 mg/ kg) for fat tissue set by EU R No.
2377/90, 2004.

The levels of HCB that detected in cattle, sheep, and goat meat samples also exceeded the
HCB MRL (0.01 mg/kg) set by EU R No. 978/2017. The residual level of a-HCH in cattle,
sheep and goat meat sample was also exceeded a-HCH MRL (0.01 mg/kg) set by EU R No.
978/2017, while in fat samples; the found residual levels of a-HCH were less than its MRL (0.2
mg/kg) set by EU R No. 396/2005, this was also true for HCB, except cattle fat samples.

Regarding OPs, the CPS residual level in cattle, sheep, and goat meat and fat samples
exceeded the CPS MRL (0.05 mg/kg) set by EU R No 396/2005. However, the FTN residual
concentrations were less than the studied PYRs, OCPs and CPS; it was exceeded the FTN MRLs
(0.05 mg/kg) set by EU R No. 396/2005 in sheep meat and fat samples and even in cattle fat
samples.

Similar in HPLC analysis, the highest concentration of pesticide were DMT in sheep meat
and fat samples (0.210, 0.248 mg/kg, respectively) followed by HCB in cattle meat and fat
samples (0.204, 0.236 mg/kg, respectively).

Concerning pesticides concentrations in meat samples, there was no significant difference

between CMT and DMT residual levels in cattle meat samples, the levels of rest pesticides
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residuals were different in cattle samples. In sheep meat samples, no significant difference also
noticed between the residual level of CMT and CPS, the rest pesticides residual levels were
different significantly. In goat samples, no difference noticed between residual levels of DMT,
HCB and a-HCH, and no difference also noticed between CMT and CPS in the same goat meat
samples.

In fat samples, statistically no significant difference noticed between CMT and FTN and
between o-HCH and CPS in cattle samples. While, in sheep samples, no difference was noticed
between the residual levels of CMT and CPS and between HCB and a-HCH. Similarly, in goat
samples, no difference noticed between residual levels of CMT and CPS, and between HCB and
a-HCH, and between HCB and DMT.

Results of DMT in HPLC-UV and GC-MS, agreed with other studies that also found high
level of DMT (0.3- 1.13 mg/kg) in sheep and goat meat samples respectively, that collected near
Sulaimani (Abdurahman, 2016). The result also agreed with the study that found high DMT
levels (0.4mg/kg) in beef in Baghdad (Khashan, 2016). Researchers also found high CMT
residual level (2.2- 2.7 mg/kg), in beef samples in Faisalabad-Pakistan, where CMT applied
extensively in veterinary medicine and agriculture (Muhammad et al., 2010). However, this
result disagrees with researchers who tested cattle and sheep meat for CMT and DMT in Poland
and found no residue for both (Niewiadowska et al., 2010), and they reported that the result
could be due to the CMT and DMT are rarely used by their local farmers. CMT and DMT were
also found at low level (< 0.05 and 0.013 mg/kg, respectively) in Rome (Italy) from 50 beef
samples (Stefanelli et al., 2009), because CMT and DMT are not used as a routine pesticides in

most of their live stocks.
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Results of HCB residue in meat using HPLC and GC was disagree with that found by
Ahmad et al., (2010), who detected low HCB residue in 7% of lamb and beef in Jordan. It also
disagree with the study that found low residual level of HCB in less than 10% of the analyzed
cattle and sheep carcasses in Egypt (Sallam and Morshedy, 2008), and the study that found HCB
< 0.05 mg/kg from cattle meat samples in Rome (ltaly) (Stefanelli et al., 2009). These
researchers found low level of HCB in meat tissues think that the results could be due to where
farmers are not use HCB as a routine pesticide in their fields because of its alternatives PYRS
and OPPs.

Results of a-HCH residual level in this study agreed with a study that found high a-HCH
in cattle meat (0.074 mg/kg) and sheep meat (0.039 mg/kg) samples collected in Andhra
Pradesh-India (Kiranmayi et al., 2016). It is also agreed with study that found high level of a, f,
and y-HCH (0.0460, 0.0355 and 0.0626 mg/kg, respectively) in cattle meat samples, and in sheep
meat samples (0.028, 0.035, 0.045, and 0.014 mg/kg, respectively) collected in Hyderabad,
Telangana-India (Singh, 2017). The a-HCH have also been found (< 0.05 mg/kg) in beef
samples collected in Rome (Italy) (Stefanelli et al., 2009), and in Benin City (Southern Nigeria)
(Tongo and Ezemonye, 2015), and in mutton samples (0.18 mg/kg) collected in market in
Coimbatore-India, where a-HCH is routinely used by farmers (Suganthy and Kuttalam, 2003).
While, very low level of a-HCH (0.0089 and 0.004 mg/kg) quantified in beef samples which had
been imported from India and Brazil respectively to Egypt (Aboul-Enien et al., 2010).

Regarding fat tissues, high level of HCH (mixed isomers) residue have been detected in
goat adipose tissue (0.084 — 0.18 mg/kg), that collected in different districts in India (Singh et
al., 2015). They also found a-HCH in 16% of same samples at concentrations of 0.231 + 0.13

006 mg/kg in India.
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Results of CPS in this study also agreed with results of other studies found high level of
CPS (0.34 and 0.35 mg/kg in winter and summer, respectively) in cattle meat samples collected
in Andhra Pradesh-India (Muhammad et al., 2010). Similarly, results of CPS for mutton samples
agreed with residual level of CPS that found (0.46 mg/kg) in mutton samples collected in
Coimbatore-India (Suganthy et al., 2009); while, disagreed with results of CPS (below detection
limit) noticed in cattle and mutton samples collected in Hyderabad, Telangana-India (Singh,
2017). Low CPS residue has also found in cattle meat samples collected in Badrashen and Giza
(0.026.5 mg/kg), and samples collected in Egypt markets (0.016 mg/kg), which had been
originally imported from Sudan to Egypt (Aboul-Enien et al., 2010).

Yet, no enough study carried out to detect and/or quantify FTN residue in cattle, sheep and
goats tissues; however, studies found FTN in other animal like in fish (> 0.01pg/kg) (Akan et al.,
2014) and animal products such as whole milk (> 0.02 mg/kg) (Anwar et al., 2011).

Some pesticides residual levels found in above studies are almost about same as in our
study, but some differed from residue levels found in this study. The reasons cannot be critically
stated because it is related to several factors.

First, high concentration pesticides residues are always found in animals tissues that are on
contaminated feeds and water by pesticides especially highly environmental resistance pesticides
which are used in agriculture such as OCPs including HCB and HCH, and OPPs including CPS
and FTN (Tongo and Ezemonye, 2015) and/or in animals that are treated with pesticides to
control external parasite such as PYRs including CMT and DMT (Choudhary et al., 2018).

Second, inadequate information concerning the age of animals used for above studies,
because older age could present higher residual level than young ages if they are on same

contaminated feeds (Kumar et al., 2013). This could be due to the reduction function of liver and
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kidneys, because liver and kidneys in older adults become less efficient in eliminating pesticides
from the body (Risher et al., 2010). Coincidentally, the highly acidic (pH 2) gastric juices (young
animals) reduce absorption the amount of some active pesticide from the gut.

Third, in adequate information about animal’s body parts where the samples been taken
from, because pesticides could be distributed in body parts differently. In a study, lower residual
level of HCB found in pig (0.038 mg/kg) in dorsal fat samples than in perirenal fat tissue (0.079
mg/kg) (Bazuli¢ et al., 2002).

Fourth, lack information about the period between animal treatment and slaughtering
process could be another factor, because residual concentration and distribution in organ and
body tissues depend period of time between drug consumption and slaughtering date of animals
for instance, in a study CMT topically administrated (15 mg/kg) to sheep, and tested after 4, 7
and 14 days and found 0.66, 0.17, and 0.08 mg/kg in fat samples (Suérez and Eliis, 2002).

Fifth, in adequate information about the sample collection period and season is another
reason to make difference with results in this study, because pesticides concentrations differ
between the seasons in the same animal (Muhammad et al., 2010). In a study, atmospheric
concentrations of OCPs have showed seasonal variation as the maximum and minimum
concentration noticed in summer and winter, respectively (Yeo et al., 2004), which was agreed
with Li et al., (2011) study found annual peak of OCPs in summer, this was also coincident with
highest PYRs residue from meat tissues (Khashan, 2016) in summer compared to winter.
Researchers have suggested that variation in levels of pesticide residues during different season
may be due to frequent use a specific group of pesticide in a specific season, and environmental

variation factors on some pesticides (Ashoub and Azam, 2016).
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Sixth, luck information about animal weight could also be another reason, because higher
residual level can be in animals with grater body fat and vice versa (Edwards, 2013). This is also
depends on animals age, because fat tissues of older animals could have higher residue level than
young aged animals in same weight if they are both raised in same field (Bill, 2016).

High level of PYRs (CMT and DMT) was found in cattle, sheep and goat samples. This
could be attributed to extensive use of PYRs in livestock to control ticks, flies, fleas, lice, mites
in animal fields. However, CMT and DMT found in higher level in sheep and goat samples than
in cattle samples. This could be due to sheep and goats have exposed by DMT and CMT more
than cattle. Dipping process which is mostly applied on sheep and goats to control ectoparasites
could be a major reason to find high residue in sheep meat and fat samples, besides grazing
outdoor on contaminated grass and crops with DMT and used for agriculture, as well as maternal
transfer through the breast milk would be the minor reason (Darko and Acquaah, 2007).
Similarly, finding high CMT in meat and fat samples especially in sheep and goat samples could
be due to the extensive use of CMT especially alpha isomer to control aphids, fungus gnats,
shore flies, thrips, cutworms, etc in greenhouses and open field cultivated area.

Finding, high HCB and a-HCH in cattle, sheep and goat tissues could be due to extensively
use of HCB and a-HCH in agriculture to control white flies, aphids, mealy bugs, caterpillars,
scale crawlers insect and most other insects. This is because HCB and a-HCH have wide
spectrum of biological activities, high stability in the environment (Park et al., 2006). Compared
to PYRs, and OPPs, the OCPs have the highest environmental resistance, low volatility, together
with high lipophilic behavior which makes to be accumulated in environment for ages and

deposit in water, soil, and agricultural products and contaminate animal feeds (Davis, 2014).
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Generally, the residual levels of HCB and a-HCH, in cattle samples were higher than their
level in sheep and goat samples; means the exposing degree in cattle could be higher than sheep,
and goats. This result agreed with the results obtained by Singh (2017) who also found higher
level of a-HCH in cattle meat compared to that of sheep meat. Feed represent a main source for
contamination of pesticides through the feed-chain for bovine (Panseri et al., 2013), and farmers
mostly use leftover parts of crops, fruit and vegetables such as cucumber, cabbage, tomatoes, and
watermelon after harvesting as a source of feed for their animals, and these leftovers may contain
large amounts of pesticides such as HCB and HCH. Hence, the high incidence of HCB and a-
HCH in bovine have originated from the feed, due to massive using of HCB and a-HCH to treat
of seasonal crops controlling the fungal disease and the mosquito and /or used as an antifouling
agent. Lower OCPs in sheep and goats compared to cattle samples could be due to the fact that
they are mostly grazing far from agricultural or rural area (Darko and Acquaah, 2007), and
farmers mostly use leftover parts of crops, for their cattle but not for sheep and goats.

High incidence of CPS in cattle, sheep and goat samples also indicating the extensive
exposure to CPS, which mostly used in horticulture viticulture, and forestry on a wide range of
crops, in residential and nonresidential applications to control cutworms, corn root worms,
cockroaches, grubs, flies, termites, fire ants, and lice (Davis, 2014).

However, FTN residual levels in sheep samples exceeded MRL, it was much less than
CMT, DMT, HCB, a-HCH and CPS residual level in meat and fat samples. Lower residual
levels of FTN could be due to the less use of FTN, due to high prices, its less biological
spectrum activity and low stability in the environment (Deguine et al., 2017).

Overall, finding high levels of pesticides in animal tissues in this study could be justified

by the reality of over use or over dose levels of pesticides by farmers (Al-Zahra and Najim,
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2017). Butchers also slaughter the animals without knowledge on the withholding periods of
veterinary drugs, and they may slaughter animals or harvest crops only few days after treatment
(Khan et al., 2017). Moreover, after dipping the animals, farmers disposed their pesticide
containers around the dipping area and contaminate the whole soil and grazing area; therefore,
the contaminated materials such as contaminated empty containers or old application equipment
are another source of pesticide residues and pasture contaminations (Tarla et al., 2014). This
agreed with the results of a survey that found, 78% of the farmers disposed their pesticide
containers around the spray area, and 6% used the containers for domestic use. The contents of
the containers can be washed into the environment and water bodies thus contaminating the
water quality (Turyahikayo, 2013).

Finally, the time of dipping animals in ectoparasiticides and seasonal crops that pesticide
used for is in the summer causes to higher levels of residue in animal tissues during this time.
The samples in this study were collected in mid of summer to about mid of autumn, which could

justify the presence of higher pesticide levels in the animal tissue.

4.4. Comparisons of residual concentrations between meat and fat samples

The results in this study showed that residual levels of the six pesticides in cattle, sheep
and goat fat tissues were higher than the residual levels in muscle tissues (Tables 4.7, 4.8). This
could be due to the fact that the studied pesticides were lipophilic and have high tendency to be
stored in fat tissues than in muscle tissues, and fat has been confirmed as target tissue able to
store pesticides with lipophilic behavior; however, muscle tissues can also store lipophilic
pesticides due to its fat content, as well as low lipophilic behavior of some pesticides can partly

be stored in meat due to water content of meat; hence, the level of pesticides residues in fat tissue
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depends on lipophilicity behavior of the pesticides, and higher lipophilic pesticide may store
more than lower lipophilic behavior pesticides in fat and vice versa (Panseri et al., 2013).

Obtaining higher level of lipophilic pesticides in fat tissues than in muscle tissues of same
animals agreed with other studies that found higher residual level of OCPs (Lindane, Aldrin,
Dieldrin, Endosulfan, DDT and DDE) in fat than in lean beef in the same animal (Darko and
Acquaah, 2007), and also agreed with the study that found less concentration of HCH in muscle,
than that in adipose tissue of same animals (Singh, 2015), and agreed with a study that found
higher levels of HCH in goat adipose tissue compared to their level in muscle tissues (Bedi et
al., 2005).

In low fat or fatty samples, lipophilic and hydrophilic pesticides can occur, so analytical
methods should cover a wide pesticide polarity range. However, in fatty food samples, dominant
pesticides are fat soluble, so analytical methods should focus on non-polar pesticides (Hercegova
et al., 2007).

The distribution of pesticide in meat and fat tissue also depends on lipophilic behavior of
the pesticides isomers, for instance a-HCH, has less lipophilic behavior than the other OCPs and
has a lower tendency to be stored in fat compared with lindane (y-HCH) (Ware, 2000); hence,
same pesticides but different isomers may be distributed in meat and fat tissue differently.

Moreover, distribution of pesticides residual levels in meat and fat could be different
between animals as it depends on body fat versus meat ratio, body parts that sample where taken
at, and route of ingestion and (Suarez and Ellis, 2002). The more fatty animals tend to store
higher and faster fat soluble pesticides and vice versa (Edwards, 2013). About route of ingestion,
animals may have high residue in milk, blood, meat, liver and kidney directly after sudden huge

dermal exposure and/or oral such as in dipping (Banerjee et al., 2015), but dermal absorbed
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pesticides will not exceed residues in organs such as liver than oral taken, this was also
confirmed by testing animals through bile duct canulation (EFSA, 2011).

Animal physiological status also plays important role on the residue level in tissues for
example, during weight loss, the accumulated and stored pesticides in fat are slowly released into
the bloodstream, and may shows higher pesticides and metabolites in blood and meat tissues;
therefore, adipose tissue considered as a continual source of internal exposure of lipophilic

pesticides during losing weight (Chevrier et al., 2000).
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4.5. Residue levels in animals tissues regarding districts
4.5.1. Cattle samples
4.5.1.1. HPLC analysis

Statistically, there were significant differences between pesticide residual levels (P< 0.05)
among some districts in samples analysed by using HPLC, but no pesticide type presented non-
significant difference among the “five districts”. Moreover, no pesticide residue presented the
highest or the lowest level over the “five districts”

Regarding pesticides concentration between districts, the highest level of pesticide residue
in this study noticed in cattle meat and fat samples collected in Bazian, which was OCPs
including HCB (0.307 mg/kg) in meat and (0.344mg/kg) in fat; followed by, a-HCH (0.255
mg/kg) in meat and (0.290 mg/kg) in fat samples. Bazian also presented the highest level of
CMT concentration in meat and fat samples (0.101 and 0.125 mg/kg, respectively). The second
district that presented highest concentrations in some pesticides (DMT and FTN) was
Piramagrun. DMT showed 0.103 and 0.169 mg/kg and FTN showed 0.059 and 0.099 mg/kg in
meat and fat samples, respectively, which are the highest DMT and FTN concentration among
the five districts.

Moreover, Darbandikhan, presented the lowest concentrations of PYRs including CMT
(0.035 and 0.043 mg/kg), DMT (0.023 and 0.050 mg/kg) for meat and fat samples, respectively.
This was also true for OPPs including CPS (0.067 and 0.145 mg/kg), and FTN (0.028 and 0.064
mg/kg) in meat and fat samples, respectively. While, the lowest OCPs including HCB (0.162 and
0.190 mg/kg), and a-HCH (0.077 and 0.143 mg/kg) residue found in meat and fat samples

collected in carcasses of animals reared Arbat respectively.
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4.5.1.2. GC analysis
Statistically, no pesticide type presented similar value over “all districts” and no pesticide

presented the highest or lowest residue among “all districts”.

Similar to HPLC analysis, Bazian presented the highest concentration of pesticides
residues in CMT (0.092 and 0.119 mg/kg), HCB (0.285 and 0.327 mg/kg), a-HCH (0.239 and
0.266 mg/kg), and CPS (0.197 and 0.253 mg/kg) in meat and fat samples respectively. While, the
highest DMT (0.105 and 0.178 mg/kg) and FTN (0.056 and 0.098 mg/kg) residue level was
found in meat and fat samples had been collected in animal carcasses reared in Piramagrun,

respectively.

The lowest pesticides residue in terms of CMT (0.030 and 0.032 mg/kg), DMT (0.021and
0.048mg/kg), CPS (0.065 and 0.139 mg/kg), and FTN (0.025 and 0.060 mg/kg) found in cattle
meat and fat samples, respectively, from samples taken from carcasses of animals reared in
Darbandikhan. The lowest residue of HCB (0.154 and 0.169 mg/kg) and o-HCH (0.071 and

0.135 mg/k) also found in Arbat cattle meat and fat samples, respectively.
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Table 4.9. HPLC-UV analysis, found concentrations of pesticides in cattle meat and fat samples.

Pesticides CMT DMT HCB a-HCH
Locality Meat Fat Meat Fat Meat Fat Meat Fat
O o o ot

C c c a a b b
I e B A e A i e A o
Arba 008 " 0008 |+0006 |»oams
bc b
Bazian ?:.8.50710 28?0211
C C
pamagun |00 * |20 S Lo

Table 4.10. GC-MS analysis, found concentrations of pesticides in cattle meat and fat samples.

esticides HCB o-HCH
Locality Meat Fat Meat | Fat

. 0.166® +{0.210° + [ 0.155° + | 0.187™
Darbandikhan 0006 |0.010 |0.004 |+0.004

. . 0.183° + [0.216° + [0.102° + | 0.168° +

Said Sadiq 0.004  |0.005 0.006
Arbat
Bazian
Piramagrun

Values present mean of 10 samples (mg/kg £ SEM).

a,b,c,d,

®: Different superscript letters denote significant differences within column

(p < 0.05). Red and green colors refer the highest and lowest concentration levels, respectively.
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Overall, in HPLC and GC analysis, the highest residual concentration found in carcasses of
animals raised in Bazian and Piramagrun, while the lowest residual values were mostly presented
in samples of carcasses raised in Darbandikhan, and these results can be attributed to the feeding
program. Basically, cattle are grazing outdoor during the day and fed concentrate fodder at night.
While, the pastures where the cattle fed in are different in terms of crop and grass types between
districts.

In Darbandikhan, cattle are grazing out on left over harvested wheat, barley grain, grasses
and rye in summer. While, in spring cattle are mostly graze out on grasses and in winter consume
left over of seasonal crops such as, cabbage, cauliflower and lettuce etc, as well as, consume hay
and concentrate feed at night. In Said Sadiq and Arbat cattle are grazing out on left over
harvested wheat, barley grain in summer, as well as, in seasonal crops such as tomato, cucumber,
courgette, and melons in open cultivated fields which are already treated by HCB, HCH, a-CMT,
CPS and FTN pesticides; while, grasses and mixture of concentrate feed are fed to cattle in
spring and winter, respectively. Left overs of seasonal crops such as cabbage, cauliflower and
lettuce etc, also used sometimes; but mostly the crops cultivated in open fields instead of green
houses.

In Bazian and Piramagrun, cattle also graze out on left over in summer seasonal crops such
as tomato, cucumber, green beans, zucchini, and melons in open cultivated field which are
already treated with a-CMT and/or DMT. Beside, greenhouse byproducts including deteriorate
products and crops left over which are highly treated with a-CMT, HCB, a-HCH, CPS.

Besides outdoor contaminated pastures, left over crops, and contaminated water,

concentrate feed could be another source of pesticides, however feeds made by feed factories
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expected to be less contaminated due to the high processing temperature (80°C) during pellet

making in the machine.

4.5.2. Sheep samples
4.5.2.1. HPLC analysis

Regarding the deference in pesticide concentration in sheep samples between districts,
there were significant differences between pesticide residual levels among these districts in
samples analysed by using HPLC. No significant difference presented between the five districts
regarding CMT residue in sheep meat samples (P < 0.05).

Samples collected from carcasses of sheep raised in Piramagrun presented the highest
concentrations residue including CMT (0.119 and 0.227 mg/kg), a-HCH (0.215 and 0.227
mg/kg), CPS (0.142 and 0.190 mg/kg), and FTN (0.089 and 0.142 mg/kg) in meat and fat
samples, respectively. While in Bazian district which is near Piramagrun presented greatest
concentration of HCB in meat (0.166 mg/kg) and fat (0.246 mg/kg) samples. The highest DMT
residue (0.304 and 0.328 mg/kg) among the five districts was found in meat and fat samples
collected in carcasses of animals reared in Said Sadiq.

Moreover, the lowest residual levels of CMT (0.104 and 0.154 mg/kg), DMT (0.135 and
0.177 mg/kg), HCB (0.102 and 0.154 mg/kg), and a-HCH (0.109 and 0.170 mg/kg) found in
meat and fat samples, respectively from the carcasses of sheep reared in Darbandikhan, which
also presented very low residual level of CPS in meats and fat samples. While, the lowest CPS

residue among the five districts was found in Arbats’ sheep meat samples (0.090 mg/kg).
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4.5.2.2. GC analysis

Statistically, there was also no significant difference between districts regarding CMT
residue in sheep meat samples (P > 0.05), while no pesticides showed the highest or lowest
residue level over all the “five districts”.

The highest concentration of CMT (0.116 and 0.217 mg/kg), a-HCH (0.207 and 0.211
mg/kg), CPS (0.138 and 0.182 mg/kg), and FTN (0.085 and 0.132 mg/kg) was found in meat and
fat samples of sheep reared in Piramagrun. Moreover, the highest HCB residue among the
districts was found in Bazian sheep meat (0.161mg/kg) and fat (0.234 mg/kg) samples. DMT
was the only pesticide presented the highest concentration in sheep meat (0.293 mg/kg) and fat
(0.335 mg/kg) samples collected in carcasses of sheep fostered in Said Sadiq.

In contrast, Darbandikhan presented the lowest residue of CMT (0.090 and 0.149 mg/kg),
DMT (0.135 and 0.170 mg/kg), HCB (0.097 and 0.142 mg/kg), and a-HCH (0.105 and 0.162
mg/kg) in sheep meat and fat samples, respectively. Regarding the OPPs in sheep carcasses, the
lowest CPS residue level was found in Arbat meat (0.088 mg/kg) and fat (0.133 mg/kg) samples,
while the lowest FTN residue level was in meat (0.033 mg/kg) and fat (0.054 mg/kg) samples
collected in sheep carcasses reared in Said Sadiq.

Overall, in samples analaysis by HPLC and GC Piramagrun presented high residue level in
all studied pesticides except DMT and HCB. While, Darbandikhan presented the lowest residual

level in all the studied pesticides except CPS and FTN.
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Table 4.11. HPLC-UV analysis, found concentrations of pesticides in sheep meat and fat samples.

Pesticides CMT DMT HCB a-HCH CPS FTN
Locality Meat Fat Meat Fat Meat Fat Meat Fat Meat Fat Meat Fat
Darbandikhan 0.100° 0.054" [0.084°

+ 0.005 +0.002 |+ 0.004

Said Sadig 0.108* + | 0.155% 0.154°° |0.207° [0.124* |0.180* |0.114* |0.182

0.004 +0.014 +0.009 |+0.016 |+0.011 |+ 0.005 |+ 0.006 |+ 0.006
Arbat 0.107* [0.161* |0.213 0.247° |0.116* |0.194* |0.168° |0.210° 0.051° [0.096

+0.003 |+0.008 |+0.012 |+0.009 |+0.004 |+0.006 |+ 0.006 |+ 0.009 +0.004 | +0.006
Bazian 0.111* [0.175* [0.150° [0.236" 0.170° |0.216" [0.116° [0.184° |0.079° [0.096°

+0.007 |[+0.008 |+0.007 |+0.011 +0.006 |+ 0.009 [+ 0.010 |+ 0.007 |+ 0.004 |+ 0.006
Piramagrun 0.286° | 0.292° |0.144 0.169°

+0.018 |+ 0.020 |+ 0.009 |+ 0.009

Table 4.12 GC-MS analysis, found concentrations of pesticides in sheep meat and fat samples.

Pesticides CMT DMT HCB a-HCH CPS FTN
Locality Meat Meat | Fat Meat | Fat

Darbandikhan

Said Sadiq

Arbat

Bazian

Piramagrun

Values present mean of 10 samples (mg/kg + SEM). **“%¢: Different superscript letters denote significant differences within column

(p < 0.05). Red and green colors present the highest and lowest concentration levels, respectively.
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4.5.3. Goat samples
4.5.3.1. HPLC analysis

Statistically, all the six pesticide residue level showed difference level among the five
districts. At the same time, there were no significant differences between the residual levels of
some pesticides among some of districts. While, no pesticide residue showed the highest or
lowest level over the “five districts. Regarding the deference in pesticide concentration in goat
samples between districts, there were differences between pesticide residual levels among these
districts using HPLC analysis, Piramagrun presented the highest residue concentration of PYRs
including CMT (0.100 and 0.102 mg/kg), and DMT (0.143 and 0.162 mg/kg) in meat and fat
samples, respectively. This was true for OPPs including CPS (0.120 and 0.206 mg/kg), and FTN
(0.049 and 0.065 mg/kg) in meat and fat samples, respectively. The highest OCPs including
HCB in meat (0.139 mg/kg) and fat (0.173 mg/kg) and a-HCH in meat (0.126 mg/kg) and fat
(0.142 mg/kg) were found in samples collected in carcasses of goats reared in Bazian.

By contrast, Arbat showed the lowest CMT residue in meat (0.065 mg/kg) and fat (0.085
mg/kg) samples in comparison with other districts, which was almost about equal residual levels
to Darbandikhan (0.066 and 0.086 mg/kg in meat and fat samples, respectively). Beside to
finding low CMT residual concentration in samples collected in carcasses of animals reared
Dabandikhan, it also showed the lowest DMT in meat (0.038 mg/kg) and fat (0.065 mg/kg)
samples, which was also true for HCB that presented the lowest residual level in meat
(0.071mg/kg) and fat (0.095 mg/kg) samples and a-HCH in meat (0.039 mg/kg) and fat (0.063
mg/kg). Arbat goat meat and fat samples also presented the lowest residual level of OPPs
including CPS in meat (0.039 mg/kg) and fat (0.057 mg/kg), and FTN in meat (0.009 mg/kg) and

fat (0.010 mg/kg) samples.
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4.5.3.2. GC analysis

Statistically, all the six pesticide residue level showed significant difference over the “five
districts, but only few non-differences noticed between the residual levels among some districts.
No pesticide residue showed the highest or lowest residual level among all the “five districts”.

Similarly, there were significant differences between pesticide residual levels among these
districts in sheep samples using GC analysis, Piramagrun presented the highest residual
concentration of CMT in goat meat (0.096 mg/kg) and fat (0.098 mg/kg) and DMT in meat
(0.136 mg/kg) and fat (0.155 mg/kg) samples. Samples collected from carcasses of animals
reared in Piramagrun also presented the highest CPS residue in meat (0.115 mg/kg) and fat
(0.143 mg/kg) samples; this was also true the FTN in meat (0.042 mg/kg) and fat (0.062 mg/kg)
samples. While, Bazian presented the highest residual concentration of OCs including HCB
(0.133 and 0.164 mg/kg) and a-HCH (0.121 and 0.138 mg/kg) in meat and fat samples,
respectively.

The lowest residual levels of CMT, DMT, HCB, and o-HCH were also found in
Drbandikhan which were 0.063, 0.036, 0.067, and 0.037 mg/kg in meat and 0.082, 0.060, 0.090,
and 0.059 mg/kg in fat samples, respectively. CMT also found in Arbat (0.063 and 0.083 in meat
and fat samples, respectively) which was almost equal level as in Darbandikhan. Arbat also
presented the lowest OPPs residue including CPS and FTN as 0.037 and 0.009 mg/kg in meat

samples and 0.054 and 0.010 mg/kg in fat samples, respectively.
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Table 4.13.HPLC-UV analysis, found concentrations of pesticides in goat meat and fat samples.

Pesticides

CMT

DMT

HCB

o-HCH

CPS

FTN

Locality
Darbandikhan

Said Sadiq

Arbat

Bazian

Piramagrun

Table 4.14. GC-MS analysis, found concentrations of pesticides in goat meat and fat samples.

w CMT DMT HCB o-HCH CPS FTN
Locality Meat | Fat Meat | Fat
Darbandikhan 0.044* [0.064* [0.019° [0.035°
+ 0.005 |+ 0.004 | £ 0.003 |+ 0.002
Said Sadi . 0.086" [0.111° [0.008* |0.019°
q 0.004 + 0.007 |+ 0.007 |+ 0.003 [+0.006 |+0.004 |+0.006 |+£0.005 |+£0.012 £ 0.001 |+ 0.003
Arbat
Bazian
Piramagrun

Values present mean of 10 samples (mg/kg + SEM). **¢%¢: Different superscript letters denote significant differences within column (p <

0.05). Red and green colors present the highest and lowest concentration levels, respectively.
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Overall, in HPLC and GC analysis, the data showed that the highest residue levels of PYRs
and OPPs found in goat tissue samples collected in carcasses of animals reared in Piramagrun,
while the highest OCPs concentrations found in samples collected in carcasses of animals reared
in Bazian. Hence, Bazian and Piramarun the two districts which are relatively close to each
other, both showed higher pesticide residue in the three species than other districts. By contrast,
Darbandikhan district showed the lowest pesticide residue in goat tissue samples regarding PYRs
and OCPs. While, the lowest OPPs found in samples collected in carcasses of animals that reared
in Arbat, this was also true for CMT.

In the all five districts, no regular feeding program for sheep and goats is applied. Sheep
and goats are mostly grazing outdoor during the day and fed concentrate fodder at night. The
pastures where the sheep and goats fed in are different in terms of crop types between districts,
and grazing area in sheep and goats are different from that of cattle, because owners have a
massive herd of sheep and goats are mostly take them to lands, mountains, meadow and far from
agricultural area to graze, whereas the opposite in cattle as the owners mostly have small herd of
cattle and let them to graze close around, rural, and agricultural area and feed mostly on left over
of planted crops.

In Darbandikhan, the pastures for sheep and goats are mostly left over of harvested wheat
barley grain, rye, oat and some seasonal crops in open fields, such as cucumber, tomato, melons
and beans are occasionally used for animals, while greenhouses byproducts hardly ever used for
animals.

In Said Sadiq and Arbat, sheep and goats mostly graze on grasslands, left over and
harvested wheat, barley grain and less on rye and oat and almost no greenhouse byproducts are

used for small ruminants, except some seasonal crop left over planted in open fields.

104



In Bazian and Piramagrun, sheep and goats usually graze out on grass in spring and on left
over of wheat and barley grain in June to about the end of August. Deteriorated vegetables in
open planted field and greenhouses byproducts are frequently fed to animals frequently such as,
tomato, cucumber, eggplants, etc which are already treated with a-CMT, HCB, a-HCH, and CPS
by tetra dose higher than open cultivated cops; as well as, contaminated grass around the
cultivated areas are a main source of all animals feed in spring.

Generally, Bazian and Piramagrun presented the highest pesticides residue in cattle
samples in this study. This indicated that farmers use these pesticides to treat open planted crops
and greenhouses plants extensively and have caused to contaminate crops, grasslands, pastures
and even might have contaminated water/environment. By contrast, Darbandikhan cattle samples
presented the lowest PYRS, and OPPs and low OCPs residues. T his refers to less use of these
studied pesticides by farmers in Darbandikhan; as well as, farmers plant their crops in open field
lands instead of greenhouses, which uses much less pesticides.

In Bazian, sheep samples showed the highest concentration of OCPs especially HCB, this
was true for goat samples which presented the highest HCB and o-HCH; while Piramagrun
presented the highest PYRs (CMT, DMT) and OPPs (CPS, FTN) in meat and fat samples of goat
samples, this is also true for sheep samples except DMT. Overall, Bazian and Piramagrun
presented high concentration of all pesticides in sheep and goat tissue samples.

The main reason to find high residue of studied pesticides in these two districts is due to
that sheep and goats usually sometimes graze on left over of wheat and barley grain, harvested
deteriorate vegetables in open cultivated field and greenhouses byproducts which are already
treated with a-CMT, HCB, a-HCH, CPS, and FTN by much higher dose than open cultivated

cops.
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While, samples collected in Darbandikhan presented lower pesticide residual concentration
(CMT, DMT, HCB, and a-HCH) in sheep and goat samples. This indicated that the less used
pesticides by farmers to treat animals and crops, as well as no greenhouses by-products used for
animals.

Finding high PYRs in all the three animal species in the five districts indicated that the
residue could mostly come from feeds because the use of DMT and CMT for cattle is not very
common in veterinary medicine.

In this study, no pesticide presented the highest concentration over the five districts means
farmers are not stick with a specific pesticide, but also they use pesticides randomly depends on
firstly; prices, secondly; market availability, and thirdly; broad spectrum activity. Hence, the
residual level of studied pesticides was significantly different among districts except CMT in

sheep meat samples of all the five districts.

4.6. Heat treatment impacts
4.6.1. HPLC analysis

Boiling and broiling process could destroy pesticides residues differently. Boiling at 100°C
for 30 min reduced the concentrations of the six pesticides significantly (p < 0.05) in cattle,
sheep, and goat muscle and fat tissues except FTN in goat meat and fat samples (p > 0.05).

In meat samples, the highest reduction percentages noticed in PYRs (Table 4.17), including
CMT and DMT ranged from 37.31 — 41.77% and 38.46 — 40 %, respectively. Followed by OCPs
including a-HCH which showed the dissipation level of 36.65 — 37.63% which was higher than
the reduction level in HCB (33.82 — 35.11%). The least reduction level in boiling process noticed
in FTN which was 23.26 — 26.23%; followed by CPS which showed the second most reduced

pesticide percentages (27.4 — 28.32%).
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Similarly, the highest reduction level in fat samples was observed in PYRs including CMT
and DMT that presented 34.07 — 41.48% and 32.54 — 39.81%, respectively, followed by the
OCPs including a-HCH which presented reduction level of 33.91 —-39% and HCB reduced by
30.58 — 34.54%. OPPs in fat samples again presented the lowest reduction level including FTN
(22.5 - 27.37%); followed by CPS (25.93 — 28.99%).

On the other hand, broiling at 176°C for 20 min reduced the studied pesticides
concentration in questionable level, and the effect of broiling was less than boiling significantly
(p < 0.05), except in FTN in goat meat and fat samples and CPS in goat meat samples.

In broiling process for meat samples, the most reduced pesticides was PYRs including
CMT and DMT which were ranged between 15.43 — 17.72% and 15.38 — 16.67%, respectively.
Followed by, a-HCH which reduced by 11.83 — 13.98%, and then HCB reduced by 11.03 -12.77
%. Regarding OPPs, FTN presented the lowest reduction level (6.56 — 8.33%), followed by CPS

which reduced by 9.33 — 11.11%.
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Table 4.15. Residual levels of pesticides in meat samples analysed by HPLC after boiling and

broiling processes

Pesticide | Species Raw meat Boiling (100°C, 30 min) | Broiling (176°C, 20 min)
Cattle | 0.067°+0.004 0.042° +0.003 0.056" + 0.004
CMT Sheep | 0.110°+ 0.002 0.066° + 0.002 0.093" + 0.002
Goat | 0.079°+0.003 0.046%+ 0.002 0.065" + 0.002
Cattle | 0.060°+ 0.005 0.036%+ 0.003 0.050°+ 0.004
DMT Sheep | 0.218°+0.011 0.133%+ 0.007 0.184"+ 0.009
Goat | 0.104°+ 0.006 0.064° + 0.004 0.088" + 0.005
Cattle | 0.213°+ 0.009 0.140% + 0.006 0.188°+ 0.007
HCB Sheep | 0.136°+ 0.005 0.090° + 0.003 0.121°+ 0.004
Goat | 0.094°+ 0.004 0.061%+ 0.003 0.082° + 0.004
Cattle | 0.161°+0.009 0.102%+ 0.006 0.141°+ 0.008
o-HCH | Sheep | 0.157°+0.007 0.098* + 0.004 0.1385"+ 0.006
Goat | 0.093°+ 0.005 0.058%+ 0.003 0.080° + 0.005
Cattle | 0.135°+0.008 0.097%+ 0.006 0.120°+ 0.007
CPS Sheep | 0.113°+0.004 0.081%+ 0.003 0.101°+ 0.004
Goat | 0.073°+0.005 0.053+ 0.003 0.066%° + 0.005
Cattle | 0.043°+0.002 0.033%+ 0.002 0.040° + 0.002
FTN Sheep | 0.061° +0.003 0.045%+ 0.003 0.057°+ 0.003
Goat | 0.024* +0.002 0.018%+ 0.002 0.022%+ 0.002

Raw and heat treated values, represent mean concentration (mg/kg + SEM), n =50.

ab.¢ Different superscript letters denote significant differences within a row (p < 0.05).

In fat samples, the most dissipated pesticides were also CMT and DMT that reduced by
16.32 -17.58% and 15.74 — 17.46 %, respectively (Table 4.17). Followed by a-HCH and HCB

that dissipated by 13 —14.71% and 12.89 —14.05%, respectively. Among the six pesticides, FTN
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presented the lowest reduction level (8.42 —10%) in fat samples, and CPS presented the second

lowest reduction level (9 — 11.83%).

Table 4.16. Residual levels of pesticides in fat samples analysed by HPLC after boiling and

broiling processes

Pesticide | Species Raw fat Boiling (100 °C, 30 min) | Broiling (176 °C, 20 min)
Cattle | 0.079° +0.005 0.049° + 0.003 0.066° + 0.004
CMT | Sheep | 0.176°+0.006 0.103% +0.003 0.146" £ 0.005
Goat | 0.091°+ 0.002 0.060%+ 0.001 0.075° + 0.001
Cattle | 0.108" +0.008 0.065° + 0.005 0.091° + 0.006
DMT | Sheep | 0.256°+0.010 0.156° + 0.006 0.213°+0.008
Goat | 0.126°+ 0.005 0.085 + 0.004 0.104° + 0.005
Cattle | 0.247°+0.009 0.162% + 0.006 0.214° + 0.008
HCB Sheep | 0.194°+0.006 0.127% + 0.004 0.169" + 0.005
Goat | 0.121°+ 0.005 0.084% +0.003 0.104° + 0.005
Cattle | 0.204°+0.009 0.130% + 0.006 0.174° + 0.008
a-HCH | Sheep | 0.200°+0.005 0.122% + 0.003 0.174° + 0.004
Goat | 0.113°+0.005 0.076 + 0.004 0.0997° + 0.005
Cattle | 0.200° % 0.007 0.145% + 0.005 0.182° + 0.006
CPS Sheep | 0.169° % 0.005 0.120° + 0.004 0.149° + 0.003
Goat | 0.108°+0.020 0.080° £ 0.015 0.097° £ 0.018
Cattle | 0.080°+0.003 0.062% + 0.002 0.072° + 0.003
FTN Sheep | 0.095° + 0.005 0.069% + 0.003 0.087° + 0.004
Goat | 0.031%+0.003 0.024% + 0.002 0.028% + 0.002

Raw and heat treated values, represent mean concentration (mg/ kg £ SEM), n =50.

ab.¢. Different superscript letters denote significant differences within a row (p < 0.05).
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Table 4.17. Reduction percentages (R %) of meat and fat samples analysed by HPLC in boiling

and broiling processes

Pesticide Species Boiling (100°C, 30 min) | Broiling ( 176°C, 20 min)
Meat (R%) | Fat (R%) | Meat (R%0) Fat (R%)

Cattle -37.31 -37.97 -15.43 -16.32

CMT Sheep -40.00 -41.48 -15.45 -17.05
Goat -41.77 -34.07 -17.72 -17.58

Cattle -40.00 -39.81 -16.67 -15.74

DMT Sheep -38.99 -39.06 -15.60 -16.80
Goat -38.46 -32.54 -15.38 -17.46

Cattle -34.27 -34.41 -11.74 -13.77

HCB Sheep -33.82 -34.54 -11.03 -12.89
Goat -35.11 -30.58 -12.77 -14.05

Cattle -36.65 -36.27 -12.42 -14.71

o-HCH Sheep -37.58 -39.00 -11.83 -13.00
Goat -37.63 -33.91 -13.98 -13.27

Cattle -28.15 -27.50 -11.11 -9.00

CPS Sheep -28.32 -28.99 -10.62 -11.83
Goat -27.40 -25.93 -9.33 -10.19

Cattle -23.26 -22.50 -6.98 -10.00

FTN Sheep -26.23 -27.37 -6.56 -8.42
Goat -25.00 -22.58 -8.33 -9.68

Boiling and broiling values for meat and fat samples represent mean of reduction concentration

(n =50).
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4.6.2. GC analysis

GC-MS analysis confirmed the HPLC data, in which boiling process could reduce
pesticides significantly (P < 0.05), and the effect of boiling was significantly higher than broiling
in reduction of all pesticide except FTN in goat meat and fat, and cattle meat samples and CPS in
goat meat samples.

GC-MS analysis confirmed the HPLC data, in which boiling process could reduce
pesticides significantly (P < 0.05), and the effect of boiling was higher than broiling in reduction
of all pesticide except FTN in beef, goat meat and fat samples and CPS in goat meat samples.

The most reduced pesticides were PYRs group in meat samples including CMT (36.67 —
42.16%) and DMT (35 — 36.84%). OCPs presented slightly less reduction percentages compared
to PYRs, because the highest reduction level that was noticed in a-HCH was 34.87 — 35.56 %
(Table 4.20). However, HCB was in same group of pesticide with a-HCH, it showed lower
reduction level (31.86 —34.36%) than in a-HCH. OPPs including FNT and CPS presented the
lowest and second lowest reduction levels which were 21.05 — 25.42% and 23.94 — 29.84%,

respectively.
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Table 4.18. Residual levels of pesticides in meat samples analysed by GC after boiling and

broiling processes.

Pesticide | Species Raw meat Boiling (100°C, 30 min) | Broiling (176°C, 20 min)
Cattle | 0.060° + 0.004 0.038% + 0.003 0.051° + 0.003
CMT Sheep | 0.102°+0.004 0.059° + 0.002 0.086" + 0.003
Goat | 0.076° £ 0.003 0.048% +0.003 0.0636" + 0.002
Cattle | 0.057° +0.005 0.036° + 0.003 0.048" + 0.004
DMT Sheep | 0.210°+0.011 0.134% + 0.007 0.1762° + 0.009
Goat | 0.100° £ 0.005 0.065° + 0.004 0.086" + 0.005
Cattle | 0.204° +0.008 0.139% +0.005 0.177°+0.007
HCB Sheep | 0.131°+0.005 0.088% + 0.003 0.114° + 0.004
Goat | 0.091° + 0.004 0.059° + 0.002 0.0811° + 0.003
Cattle | 0.152° +0.009 0.099° + 0.006 0.135” + 0.008
o-HCH | Sheep | 0.151°+0.006 0.098% + 0.004 0.130° + 0.006
Goat | 0.090° £ 0.005 0.058% + 0.003 0.080° + 0.004
Cattle | 0.124° +0.007 0.087% + 0.005 0.110° + 0.006
CPS Sheep | 0.110° £ 0.004 0.082° + 0.003 0.099° + 0.004
Goat | 0.071° +0.005 0.054° + 0.003 0.064% + 0.004
Cattle | 0.040° +0.002 0.031% + 0.002 0.036%° + 0.002
FTN Sheep | 0.059° +0.003 0.044% + 0.002 0.054° + 0.003
Goat | 0.019% £ 0.002 0.015% + 0.002 0.017% + 0.001

Raw and heat treated values, represent mean concentration (mg/ kg £ SEM), n =50.

ab.¢ Different superscript letters denote significant differences within a row (p < 0.05).

Similarly, in fat samples the most reduced pesticide percentage noticed in PYRS group

including CMT and DMT which were 35.63 — 39.05% and 34.43 — 36.54%, respectively (Table

4.20). While, the OCPs presented lower reduction percentages than in PYRs because the

reduction percentages in OCPs were 33.94 — 37.11 % and 33.33 — 36.44% in a-HCH and HCB,
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respectively. OPPs including FTN and CPS presented the lowest (21.09 — 24.14%) and second
lowest (26.28 — 29.69%) reduction percentages, respectively.

Broiling process also reduced pesticide concentration in meat samples, and the most
reduced group was PYRs including CMT (15 — 16.47%) and DMT (14 — 16.10 %). Followed by,
OCPs including a-HCH and HCB which were reduced by11.11 —13.91% and 10.89 —13.24%,
respectively. The lowest reduction percentage in broiling process found in FTN (8.47 — 10.53
%), followed by CPS that presented the reduction level of 9.86 —11.29% (Table 4. 20).

In fat samples, PYRs group was the most reduced pesticides including CMT (14.33 -
18.34%) and DMT (13.93 — 17. 31%), followed by OCPs including a-HCH (12.04 — 13.74%)
and HCB (11.40 —12.41%). The lowest reduction level was also noticed in OPPs including FTN

(8.99 — 10.39%), followed by CPS (10.26 — 11.46%) (Table 4.20).
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Table 4.19. Residual levels of pesticides in fat samples analysed by GC after boiling and broiling

processes
Pesticide | Species Raw fat Boiling (100°C, 30 min) | Broiling (175°C, 20 min)

Cattle | 0.075" + 0.005 0.046% + 0.003 0.0642" + 0.004

CMT | Sheep | 0.169° +0.005 0.103% + 0.003 0.138" + 0.004
Goat | 0,087° +0.002 0.056" + 0.002 0.073" + 0.001

Cattle | 0.104° +0.007 0.066° + 0.004 0.086" + 0.006

DMT | Sheep | 248°+0.010 0.158% + 0.006 0.207° + 0.008
Goat | 0.122° +0.006 0.080% + 0.004 0.105" + 0.005

Cattle | 0.236° +0.009 0.150% + 0.006 0.2067° + 0.008

HCB Sheep | 0.185° +0.006 0.120% + 0.004 0.1627° + 0.006
Goat | 0.114°+0.004 0.076% + 0.003 0.101° + 0.004

Cattle | 0.194° +0.008 0.122% + 0.005 0.168° + 0.007

a-HCH | Sheep | .191°+0.005 0.125% +0.003 0.168° + 0.004
Goat | 0.109°+ 0.005 0.072% + 0.003 0.0940° + 0.008

Cattle | 0.192° +0.006 0.135% + 0.004 0.170° + 0.006

CPS Sheep | 0.156° + 0.004 0.115% + 0.003 0.140° + 0.004
Goat | 0,093 + 0.004 0.068% + 0.006 0.083" + 0.008

Cattle | 0.077°+0.003 0.059% + 0.002 0.069" + 0.003

FTN Sheep | 0.089" + 0.004 0.0702° + 0.003 0.081° + 0.004
Goat | 0.029° +0.003 0.022% + 0.002 0.026% + 0.003

Raw and heat treated values, represent mean concentration (mg/ kg £ SEM), n=50.

ab.c Different superscript letters denote significant differences within a row (p < 0.05).
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Table 4.20. Reduction percentages (R %) of meat and fat samples analysed by GC in boiling and

broiling processes

Boiling (100°C, 30 min) | Broiling (176 °C, 20 min)
Pesticide Species
Meat (R%) | Fat (R%) | Meat (R%) Fat (R %)

Cattle -36.67 -38.67 -15.00 -14.33

CMT Sheep -42.16 -39.05 -15.69 -18.34
Goat -36.84 -35.63 -16.47 -16.09

Cattle -36.84 -36.54 -15.79 -17.31

DMT Sheep -36.19 -36.29 -16.10 -16.53
Goat -35.00 -34.43 -14.00 -13.93

Cattle -31.86 -36.44 -13.24 -12.41

HCB Sheep -32.82 -35.14 -12.98 -12.05
Goat -34.36 -33.33 -10.89 -11.40

Cattle -34.87 -37.11 -11.18 -13.40

a-HCH Sheep -35.10 -34.55 -13.91 -12.04
Goat -35.56 -33.94 1111 -13.74

Cattle -29.84 -29.69 -11.29 -11.46

CPS Sheep -25.45 -26.28 -10.00 -10.26
Goat -23.94 -26.88 -9.86 -10.75

Cattle -22.50 -23.38 -10.0 -10.39

FTN Sheep -25.42 -21.09 -8.47 -8.99
Goat -21.05 -24.14 -10.53 -10.34

Boiling and broiling values for meat and fat samples represent mean of reduction concentration
(n=50).

In general, the HPLC-UV and GC-MS results presented that in boiling process, the residue
of the six pesticides in the meat and fat samples reduced significantly (p < 0.05), except FTN in

goat meat and fat samples and CPS in goat fat samples.
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In boiling process, the HPLC-UV and GC-MS data showed that, the highest reduction
percentages found in PYRs including CMT and ranged from 36.64 — 42.16% and DMT from 35
— 40% in meat samples. While, the least reduction percentages in HPLC and GC presented in
OPPs residuals which was in FTN and ranged from 21.05 — 26. 23 and 21.09- 27.37 in meat and

fat samples, respectively.

Similarly, in HPLC and GC analysis, the broiling process reduced PYRs more than OCPs
and OPPs residues. The most reduced pesticide level in broiling presented in CMT in meat (15 —
17.72%), and fat samples (14.33 —18.34%). Moreover, the most reduced level presented in FTN

which ranged from 6.56 —10.53% in meat and 8.42-10.39% in fat samples.

These results agree with some studies that spiked cattle meat with dieldrin and aldrin and
boiled at 100°C for 30 min, and noticed the reduction level of 31.6% and 33.2%, respectively
(Krianmayi et al., 2016), and also agreed with the study that tested boiling at 100°C for 30 min
on sheep meat samples and noticed that naturally contained a, B, v, -HCH samples reduced by
13.79, 27.76, 22.87, and 36.17%, respectively (Singh, 2017).

Furthermore, higher reduction (38.2%) level of OCPs (HCB) was also recorded in spiked
cattle meat samples after using boiling at 100°C for longer period (90 min) (Sallam and
Morshedy, 2008). In natural contaminated meat samples, boiling at 100°C for 30 min reduced a,
B, vy, 6-HCH by 13.79, 27.76, 22.87, and 36.17%, in sheep meat samples, while in spiked
samples reduced by 50.67, 45.81, 48.27, and 38.0%, respectively, and boiling at 100°C for 30
min has also been tested on naturally contained a-HCH beef and reduced 32.60%, while in
spiked samples reduced by 44.71% (Singh, 2017). Different reduction levels of other HCH
isomers such as B, y, & also found in naturally contained pesticides and spiked beef samples

which reduced by 15.2, 47.9, 12.3% and 27.5, 58.3, 57.9% for naturally and spiked contained
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samples, respectively (Singh, 2017), due to variation in bonding of xenobiotic to some
compounds of medium.

These results referring that the effect of heating treatments on reducing the level of
pesticide depends on the kind of studied pesticide, which differ in their chemical and physical
properties which make the pesticides have different heat susceptibility (Muthukumar et al.,
2010), because dissipation level being influenced by the properties of individual pesticide, such
as, different partition coefficients between the lipid and aqueous phase driven by differences in
solubility, degree of volatilization, hydrolysis, which governed by different boiling points and
different stability of pesticides s at high temperatures (Muresan et al., 2015).

In this study, the reduction level of PYRs and OCPs were almost close from each other, but
not from OPPs reduction level; however, there is no strong correlation between a single
physiochemical property of PYRs and OCPs. Since various parameters involving molecular
weight, volatility (vapor pressure), hydrolysis rate and water solubility and lipophilic behavior
impacts reduction rate (Hammond, 2014), no critical statement can be reported about the degree
of each parameter grant to the amount loss of pesticides during boiling or broiling.

Moreover, results of heat treatment in this study could be different from studies that tested
the impact of boiling and broiling on meat tissues, because they have used different critical limits
in the parameters such as higher temperature, different heating period, and cooking process or
using spiked samples rather than naturally contained samples, as the level of reduction of
pesticide in natural contaminated meat samples are less than that of spiked samples (Singh,
2017). Hence, the reduction level of heat treated spiked samples may not correspond the realistic

effect of heat treatment on dissipation pesticide level.
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Regarding, the differences in the effect of heat treatments on the reduction levels of
pesticides residues between the three species (cattle sheep and goat), which almost very close to
each other (Table 4.17 and 4.20). This agreed with the study carried out by Singh (2017), who
found no significant difference between the reduction levels observed between ruminants even
differences in the reduction levels observed between ruminants versus pig and fish meat. The
differences in reduction levels of pesticide residues through processing in the species is due to
the variable kind of lipid as well as to the variation in the level of lipid content in their samples
(Muresan et al., 2010).

Heat treatments can reduce pesticides in animal tissues, due to fat rendering induced by
thermal temperature such as, co-distillation, thermal degradation and/or evaporation of fat, while
the chemical nature of specific pesticides dictates which of those will prevail (Bajwa and Sandhu
2014, Pordevi¢ and Purovic¢-Pejéev, 2016); and the effects of heat depends on the method of
heating, heating period, and specific food item (Muresan et al., 2015, Kiranmayi et al., 2016,
Letta and Attah, 2013).

The results of this study indicate that the effect of boiling is significantly higher than
broiling in reduction of level of the studies pesticides this is agreed with Pordevi¢ and Purovi¢-
Pejcev, (2016) who found that moist heat treatment such as boiling and pressure cooking is
significantly higher than dry cooking such as grilling and broiling. This could be due to the fact
that in wet cooking (boiling) the boiled and steamed water droplets incorporate into the tissue
and cells and wash out from the matrix (Perello et al., 2010) and low fat content remained in
boiled matrices due to its fat loss to the water (Utama et al., 2018); besides the provoke co-
distillation with thermal degradation and evaporation occur due to the thermal effects and

eliminate some pesticides (Perello et al., 2010).Therefore, boiling procedures can extensively
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release or remove fat from the product and tend to reduce the concentrations of the pesticides in
the cooked food as confirmed previously (Utama et al., 2018, Utama et al., 2016, Muresan et al.,
2015, Rawn et al., 2013).

By contrast, in dry heating such as, baking, roasting, grilling, broiling and barbecuing, the
surface temperature may well exceed 100°C, leading melting lipids and evaporation of moisture
in the matrices and dry or crisp (Muresan et al., 2015, and Perell6 et al., 2010). Hence, a part of
pesticide could be hydrolysis and co-distillated and the rest decomposed due to thermal
degradation and remained in the matrix, which may vary depends on the chemical nature of the
individual pesticides (Muresan et al., 2010).

Another cause in the reduction of the pesticides content is chemical transformations that
are taking place during heat treatment has some roles in the reduction level (Muresan et al.,
2010). Hence, the method ability for detection and quantification plays a vital role to obtain a
precise result during analysis by reading the total compound, its metabolites, isomers and non-
totally chemical transformed compounds.

However, less effects of broiling process on dissipation level of pesticide in meat were
recorded compared to boiling process, broiling also converts fatty acids to carcinogenic
substances such as advanced glycation end products (AGEs) (Nguyen and Katta, 2015), which
have been linked to an increased risk of several diseases of heart and kidneys and skin aging
(Prasad and Tiwari, 2017). At the same time, broiling is still preferred by consumers to obtain
the maximum flavor with little sacrificing nutritional values (Goldwyn and Blonder, 2016). On
the other hands, boiling at high temperatures destroys pesticides properly and improves food
quality; but it dissolves and washes away water-soluble vitamins and almost of minerals (Yun-

Sang et al., 2016 and Choi et al., 2016).
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4.7. Comparisons between HPLC and GC resultants, performances and validations
4.7.1. Real sample concentrations

Methods based on LC and GC has been used in the analysis of a broad range of pesticides
for several decades. Therefore, it is necessary to compare performances in terms of accuracy
(recovery and deviations), linearity, sensitivity (limit of detection and quantification), and matrix

effect of both technique to prove the suitability of methods specifically developed in this study.

Table 4.21. Concentration of the pesticides in the raw meat of cattle, sheep and goat samples
analysed by HPLC-UV and GC-MS.

Meat samples
Pesticide Cattle (mg/kg) Sheep (mg/kg) Goat (mg/kg)
HPLC GC HPLC GC HPLC GC
CMT 0.067 £ 0.060 £ 0.110 £ 0.102 £ 0.079 £ 0.076 £
0.004 0.004 0.002 0.004 0.003 0.003
DMT 0.060 £ 0.057 £ 0.218 £ 0.210 £ 0.104 £ 0.100 £
0.005 0.005 0.011 0.011 0.006 0.005
HCB 0.213 £ 0.204 0.136 0.131 £ 0.094 + 0.091 £
0.009 0.008 0.005 0.005 0.004 0.004
a-HCH 0.161 + 0.152 + 0.157 + 0.151 + 0.093 £ 0.090 £+
0.009 0.009 0.007 0.006 0.005 0.005
CPS 0.135 + 0.124 + 0.113 + 0.110 £ 0.073 £ 0.071 £
0.008 0.007 0.004 0.004 0.005 0.005
ETN 0.043 + 0.040 £ 0.061 + 0.059 + 0.024 + 0.019 +
0.002 0.002 0.003 0.003 0.002 0.002

Values represent mean of 50 samples + SEM. No statistical difference was observed between

HPLC-UV and GC-MS concentration in each species.
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Table 4.22. Concentration of the pesticides in the raw fat of cattle, sheep and goat samples
analysed by HPLC-UV and GC-MS.

Fat samples
o Cattle (mg/kg) Sheep (mg/kg) Goat (mg/kg)
Pesticide
HPLC GC HPLC GC HPLC GC
CMT 0.079 + 0.075 0.176 + 0.169 + 0.091 + 0.087 +
0.005 0.005 0.006 0.005 0.002 0.002
DMT 0.108 + 0.104 + 0.256 £ 0.248 + 0.126 + 0.122 +
0.008 0.007 0.010 0.010 0.005 0.006
HCB 0.247 £ 0.236 £ 0.194 + 0.185+ 0.121 + 0.114 +
0.009 0.009 0.006 0.006 0.005 0.004
o-HCH 0.204 £ 0.194 + 0.201 £ 0.191+ 0.113 + 0.109 +
0.009 0.008 0.005 0.005 0.005 0.005
CPS 0.200 = 0.192 + 0.169 + 0.156 = 0.108 = 0.093+
0.007 0.006 0.005 0.004 0.005 0.004
ETN 0.080 = 0.077 = 0.095 + 0.089 = 0.031 + 0.029 +
0.003 0.003 0.005 0.004 0.003 0.003

Values represent mean of 50 samples + SEM. No statistical difference was observed between

HPLC-UV and GC-MS results in terms of residual concentrations in each species.

Both HPLC and GC method have been used for detection and quantification of same group
of pesticides; however, they have some specifications for instance, GC-MS is useful for
monitoring highly hydrophobic, volatile and small to medium molecular weight pesticides that
are not ionized in the (electrospray ionization) ESI source of LC-UV, while, using LC-UV is
allowing for analysis of larger molecular weight, polar and planer compounds in samples (He

and Aga, 2019, Barganska et al., 2018).
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Figure 4.1. Concentration of the pesticides in the raw meat of cattle using HPLC-UV and GC-
MS. Columns represent mean of 50 samples and error bars represent standard error of the mean

(SEM). No statistical difference was observed between the groups using student t-test.
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Figure 4.2. Concentration of the pesticides in the raw fat of cattle using HPLC-UV and gas GC-
MS. Columns represent mean of 50 samples and error bars represent standard error of the mean
(SEM). No statistical difference was observed between the groups using student t-test.
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Figure 4.3. Concentration of the pesticides in the raw meat of sheep using HPLC-UV and GC-
MS. Columns represent mean of 50 samples and error bars represent standard error of the mean

(SEM). No statistical difference was observed between the groups using student t-test.
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Figure 4.4. Concentration of the pesticides in the raw fat of sheep using HPLC-UV and GC-MS.
Columns represent mean of 50 samples and error bars represent standard error of the mean
(SEM). No statistical difference was observed between the groups using student t-test.
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Figure 4.5. Concentration of the pesticides in the raw meat of goat using HPLC-UV and GC-MS.
Columns represent mean of 50 samples and error bars represent standard error of the mean

(SEM). No statistical difference was observed between the groups using student t-test.
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Figure 4.6. Concentration of the pesticides in the raw fat of goat using HPLC-UV and GC-MS.
The columns represent the mean of 50 samples and the error bars represent the standard error of

the mean (SEM). No statistical difference was observed between the groups using student t-test.
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In this study, same sample weight used for preparation samples and injection into HPLC-
UV and GC-MS, similar procedure of extraction was also used, in order to obtain almost close
and acceptable recovery value, which agreed with studies that used both HPLC and GC for
detection and quantification of multi pesticide residues in food products (Barganska et al., 2018,
Pang et al., 2006) and agreed with who used different kinds of detectors (Therdteppitak and
Yammeng, 2003). However, HPLC-UV results presented little higher concentrations in all
studied pesticides from cattle, sheep and goats meat and fat samples; statistically, there was no
significant difference between HPLC and GC readings (p > 0.05) in terms of pesticides
concentrations among meat samples, this was also true for fat tissues samples and these were
also true for the three species. This could be due to the fact that HPLC is fit for wide range of
pesticides molecular weights and allow the detection of compounds with wide polarities without
concerning their chemical derivatization, as well as the use of high UV absorbance detector
(wavelength 260 nm) in this study. This agreed with a study who noticed no significant
differences (p > 0.05) between the results from LC and GC analyses for detection broad range of
OCPs and OPPs in water (He and Aga, 2019), and also agreed with study determined six PYRs,
OPPs, and PYZPs (Pyrazolopyrimidines) in honey bee samples using HPLC and GC and found
no significant difference in pesticides concentration (Barganska et al., 2018).

In LC and GC analysis, when a matrix is analysed to detect concentration of any analyte,
same exact concentration cannot be obtained in reading for both methods (Barganska et al.,
2018). This could be due to the matrix effect, detector responses, columns; protocols

used for HPLC and GC, and analytes physiochemical properties (Uclés et al., 2017).
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4.7.2. Validation values differences
4.7.2.1. Accuracy and sensitivity (recovery values, linearity, LOD and LOQ)

The recovery in HPLC and GC seems to be similar in the analysis of meat samples.
However, in GC analysis the recoveries for fat samples (81.5 to 98.6 %) are not plenty as in
HPLC analysis (77.3 to 106.2 %) which means better recovery (Table 4.1), while still considered
as similar of HPLC results because the difference between HPLC and GC recovery values are
little and are both in acceptable range, this is also true for precision values in between GC (0.3 to
9.3 %) and HPLC (0.2 to 12.9 %) analysis.

Similarly, for meat samples, recoveries for GC (79.2 to 104.3%) and HPLC (78.08 to
101%) with precision of 0.32 t014.6% for GC and 0.5 to 15.7 % for HPLC, which are almost
close together and in acceptable range.

This agreed with a study used similar extraction method (QUECHES) for pesticides
multiresidues (PYRs, OPPs, and PYZP), and quantified by LC and GC and obtained almost
similar recovery (75- 116%) for both GC and HPLC detection method (Barganska et al., 2018).

Regarding recovery data it can be stated that GC accuracy is higher than HPLC in this
study, while still cannot be recommend the GC performances over HPLC, because sensitivity of
HPLC in terms of LOD and LOQ was obviously better than GC for six calibration points in the
sensitivity assays, besides that for recoveries only four calibration points have incorporated to
constriction the calibration curves.

Some compounds in HPLC analysis showed different recovery and precision to GC
analysis, because the HPLC series mixture contains polar compounds and their recoveries might

be affected by change of pH (Kromidas, 2017). While, different RDS in GC or LC analysis
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might be caused by the different responses to co-extracts that interfered in GC or HPLC
chromatograms.

In the linearity study, the results showed that the correlation coefficients (r?) in HPLC
method almost similar that of GC for the studied pesticides with few exceptions for instance,
linearity in terms of correlation coefficients (r?) for CMT (0.9999) in GC might be better than in
HPLC (0.9998) for meat and fat samples. Whereas, in fat samples analysed by HPLC linearity of
DMT (0.9999), and CPS (0.9998), seems to be better than linearity of DMT (0.9998) and CPS
(0.9997) in fat samples analysed by GC. Better linearity in HPLC for DMT and CPS could be
due to the fact that they are well transferred LC-UV and vice versa for CMT. Overall, same
extraction method and spiking level for both HPLC and GC could provide almost similar and
accepted linearity.

Moreover, all the LOD and LOQ values in HPLC for meat and fat samples were equal or
less than in GC except LOD of CMT and CPS values in fat samples (Tables 4.3, 4.4). This
confirm the higher sensitivity of HPLC-UV in quantification of four studied pesticides, because
the lower LOD and LOQ, the more sensitive during analysis (Stefanelli et al., 2009). This agreed
with study that compared LOD and LOQ between LC and GC and found little higher sensitivity
in LC for twelve OPs, TZNs (Triazine), CARs, CADs (Chloroacetamide) pesticides compounds
(He and Aga, 2019). The tiny difference between LOD in HPLC and GC is attributed to the same
injection volume and the same dwell time employed (He and Aga, 2019).

The results demonstrate that the HPLC-UV method is an excellent choice for multiresidue
analysis of studies pesticides in meat and fat samples if the pesticides extracted with QUEChERS
method. In contrast to GC-based techniques, HPLC is not fit to volatile or low molecular weight

compounds and allows for the detection of compounds with wide polarities. Coincidently, GC-
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MS (using capillary column) is a better tool than LC (with any detector) for detection impurities
or unknown compounds (Vitha, 2016). According to EC No.SANTE/11813/ 2017, GC is also
highly preferred for detection of pesticides in animal tissues when the technique in conjunction
with the MS/MS detector because it enables the determination of a wide spectrum of analytes
without derivatization.

However, the selection of the most suitable method for pesticide analysis is not
straightforward because the chemical and physical properties of pesticides from various classes
differ considerably.

It is important to prioritize the target analytes based on the pesticide use in the study area
and based on the research goals. For instance, if a study aims to determine the efficiencies of
waste water treatment plants, then LC is the method of choice because most of these target
chemicals will be polar and planar which are be ionized in ESI. On the other hand, if the aim is
to determine the fate of legacy pesticides in high fat samples then GC-MS/MS may be a better
choice because the dominant of analytes will be lipophilic.

For cases of analysis wide range of pesticides in different polarity and molecular weight,
UV may use (variable wave length detector not single) because of absorbs wide range
wavelength light. For complex matrices or fatty matrices and high fat matrices, GC-MS/MS can
also mostly be used if the target compounds are highly lipophilic compound, unless any method

else used for the quantification may need to be confirmed by another chromatographic technique.
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4.7.2.2. Matrix effect study

In this study, the matrix co-extractives affected readings in LC and GC differently but not
questionably.

Table 4.23. Matrix effects in meat and fat samples detected by HPLC-UV, and GC-MS in

samples spiked level 0.1 mg/kg versus standard concentration 10 mg/L.

ME% Pesticides | o7 DMT HCB | a-HCH | CPS FTN
Meat samples
HPLC-UV 56 65 58 59 4 48
GC-MS ~458 | -428 | -421 | -351 | -372 | -335
Fat samples
HPLC-UV -10.9 83 97 79 9.2 8.4
GC-MS -101 | -112 73 -647 | -890 73

This agreed with study used QUChERS and GC and LC QqQ MS/MS (Triple quadrupole
tandem mass spectrometry) for quantification of multiresidues and found no matrix effect in 10%
of analyzed samples and found moderate effect in the rest of samples (Uclés et al., 2017). In this
study, the ME% in meat samples showed lower than in fat samples, probably due to the
difference matrices lipids percentages for meat, and fat samples caused higher matrix co-
extractives in fat extracts.

According to Uclés et al., (2017), the matrix effects have a different character when using
liquid chromatography and gas chromatography, while the difference does not depends only on
method signal-responses, but also depends on the co-elution of each individual pesticide with co-
extracted matrix components, which vary between different commodities to detector responses

(Kromidas, 2017).
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Chapter Five

CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusion

1. It was concluded from the results of this study that the proposed method is well suited
to accurate screening of CMT, DMT, HCB, a-HCH, CPS, and FTN in meat and fat tissues.

2. The analytical preparation QUEChERS method could successfully extract of six
pesticides among three different pesticides groups in meat and fat tissue due to its optimzation
with HPLC-UV and/or GC-MS technique for detection and quantification and enable to provide
validations within the acceptable ranges according to international EC standards.

3. Method validation, demonstrated that the proposed method allows the quantification of
studied residues in meat above the level of 0.01mg/ kg. This finding suggests that using one-step
extraction procedure in LLP and not less than 70 mg of adsorbents in d-SPE for can cover the
extraction procedure of PYRs, OCPs, and OPPs in muscle tissue; this is also true for fat samples
with two-steps of extraction in LLP step with using hexane.

4. All of the six studied pesticides were found in cattle, sheep and goats samples as
residues and their levels of contamination were mostly exceeding than MRLs specified by EC.

5. Regarding the effect of districts, Bazian and Piramagrun presented the highest pesticides
residue in cattle, sheep and goat samples in this study. By contrast, Darbandikhan cattle, sheep
and goat samples presented the low residue compared to other districts samples.

6. Regarding the effect of boiling (100°C for 30 min), it destroyed pesticides significantly
(p < 0.05), except in FTN in goat meat and fat samples, while the reduction level in broiling
process (176°C for 20 min) was questionable means in several of samples the reduction level was

much less than in boiling and the heating effect was not significant. The highest reduction

130



percentages also found in PYRs including CMT, and DMT in meat and fat samples, while, the
least reduction percentages presented in OPPs residuals which was in FTN and CPS in meat and
fat samples.

7. The analytical performance HPLC and GC methods for the analysis of studied pesticides
in meat and fat samples were compared. The results from the GC-MS and method for analytes
that were detected in HPLC-UV were not significantly different, indicating that one of existing
HPLC-UV and GC-MS methods can be used easily for small scale pesticide types in a specific
and matrix. While, for wide range pesticide groups and analytes, a single method of
chromatography cannot be considered, especially when the analytes properties vary such as

volatility, lipophilicity, molecular mass, etc.

5.2. Recommendations

1. To critically confirm the studied methods, a plenty range of pesticides groups and
compounds should be tested because using this method for only six pesticides in three groups
may not confirm for the total group.

2. More research might be also considered to find out and quantify pesticide and other
toxic chemicals in animal tissue like internal edible organs or animal product such as milk.

3. A study could also be performed for a larger group of PYRs, OCPs and OPPs to find out
more about the effect of heating on various pesticides groups and the role of each pesticide
parameter in the dissipation rate.

Using other heat treatments methods such as boiling under pressure, microwave could be
tested to find out the best method to dissipate pesticides completely.

5. Using new rapid method for determination of pesticide in food including use of biosensor

techniques.
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Appendix A. Linearities

APPENDICES

Appenxix Al. Plot linearities of matrix- matched calibrration in meat samples used for

sensitivity test in HPLC-UV analysis.
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Appendix A2. Plot linearities of matrix- matched calibrration in fat samples used for sensitivity

test in HPLC-UV analysis.
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Appenndix A3. Plot linearities of matrix- matched calibrration in meat samples used for

sensitivity test in GC-MS analysis
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Appendix A4. Plot linearities of matrix- matched calibrration in fat samples used for sensitivity

test in GC-MS analysis

Peak Area

Peak Area

Peak Area

600000 - 1000000 -
HCB
500000 - 800000 a-HCH
400000 - 00000
300000 y =1139.7x + 1142
R?=9999 400000 y = 1572.2x + 414.92
200000 o
100000 200000
0 T 1 0 T 1
0 200 400 600 0 200 400 600

1000000 - 700000 -

800000 - FTN 600000 -

500000 -
600000 V= 1860.5x - 2091.8| | 400000 -
400000 R?=0.9999 300000 y =1082.7x +3710.9
200000 R2 = 0.9997
200000 100000
0 T ] 0 T 1
0 200 400 600 0 200 400 600

600000 - 500000
500000 - 400000
400000 -

300000
200000
100000

0

y = 1266.3x - 385.31
R?=0.9999

0 200

400 600

Concentration (ug/g)

164

300000

200000

100000

0

y:

908.83x - 1953.9
R?=0.9998

200

400

600

Concentration (ug/g)




Appendix B. Chromatographs
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Appendix B1. HPLC-UV chromatograms: (1) Multistandard solutions (10 mg/L); (2) Blank meat

samples. a. Hexachlorobenzene; b. a-Hexachlorocyclohexane,;c. Cypermethrin; d. Chlorpyrifos;
e. Deltamethrin; f. Fenitrothion.

165



: (1)
125-; a b d e
c f
~ 100+
2 :
< H
E
2
£ 507
25
; B/ O W VTS —
— — R — SE— SR S— ,
c 1 2 3 4 5 6 7 8 9 10
Time (min)
150 = ’
: a e
1254
¢ f
100 =
)
<
E
> 75
2 .
[ H
£ %01
25
S— - feeesanees rrmereaqeeserasees SR — SR S— ,
o 1 2 3 4 5 6 7 8 9 10
Time (min)

Appendix B2. HPLC-UV chromatograms: (1) Spiked meat samples before extraction (0.1
mg/kg); (2). Spiked meat sample after extraction (0.1 mg/kg). a. Hexachlorobenzene;
b. a-Hexachlorocyclohexane; c. Cypermethrin; d. Chlorpyrifos; e. Deltamethrin; f. Fenitrothion.
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Appendix B3. HPLC-UV chromatograms: (1) Multi-standard solutions (10 mg/L); (2)
Blank fat samples. a. Hexachlorobenzene; b. a-Hexachlorocyclohexane,;c.
Cypermethrin; d. Chlorpyrifos; e. Deltamethrin; f. Fenitrothion.
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Appendix B4. HPLC-UV chromatograms: (1) Spiked fat samples before extraction (0.1 mg/kg);

(2). Spiked fat sample after extraction (0.1 mg/kg). a. Hexachlorobenzene;
b. a-Hexachlorocyclohexane; c. Cypermethrin; d. Chlorpyrifos; e. Deltamethrin; f. Fenitrothion.
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AppendixB5. GC-MS chromatograms (1) Mmultistandard solutions (10 mg/L); (2) Blank
meat samples. a. Hexachlorobenzene; b. Hexachlorocyclohexane; c, Fenitrothion; d.
Chlorpyrifos; e. Cypermethrin; f. Deltamethrin.
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Appendix B6. GC-MS chromatograms (1) Spiked meat samples before extraction (0.1 mg/kg); (2)
Spiked blank meat samples after extraction (0.1 mg/kg). a. Hexachlorobenzene; b. a-
hexachlorocyclohexane; c, Fenitrothion; d. Chlorpyrifos; e. Cypermethrin; f. Deltamethrin
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Appendix B7. GC-MS chromatograms (1) A multistandard solutions (10 mg/L); (2) Blank fat
samples. a. Hexachlorobenzene; b. a-hexachlorocyclohexane; c, Fenitrothion; d. Chlorpyrifos; e.
Cypermethrin; f. Deltamethrin
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Appendix B8. GC-MS chromatograms (1) Spiked blank fat samples before extraction (0.1 mg/kg); (2)
Spiked blank fat samples after extraction (0.1 mg/kg). a. Hexachlorobenzene; b. a-

hexachlorocyclohexane; c, Fenitrothion; d. Chlorpyrifos; e. Cypermethrin; f. Deltamethrin
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