CHAPTER 1

INTRODUCTION \
.{’3
X~

1.1 Background of the Study

As per Food and Agriculture Organization (FAO) (1989), a pesticide could be any
substance or combination of substances intended to destr mr reep a check on
any pest, including vectors of human or animal disea%esi aWI or plant

L
species that could initiate harm during, or if Wermg ith, e' pi@\@sc ing,
packing, production, or marketing of agricultural commoditigs, foo WOO<‘5@TId wood
products, or animal feedstuffs, or which m% ana ith~the @i{ff animals to

keep a check on pests in or on their bodies: terme sses@&micals employed
as growing controllers, desiccants, deoliants, a \INQ lay early fall of fruits, and the
applied materials to crops either‘@ efofe harvest to a@deterioration during the

transport or storage stage. ThM, h es n@clude those substances that
J pla

are employed as fertiligers nEZ'entsf
i ? '3
drugs. The FAO irqlla
%SQ

an %als, food additives and animal

S,

i
g $ . .
rat ith’ the @éd Nations Environment Program
(UNEP) (1990)

ined.the.ter esti(o'ge/%as those compounds that are developed

|
to fight again@ac of'v?lpe&%?nd vectors on domestic animals, agricultural
crops awkn be"m ) !;e efi@ns mentioned above allow us to assume that

pestici§ contain toxic chemi@%§§ents (mostly organic compounds) whose release

.

i \environment is intentional in a bid to fight crop pests as well as disease vectors.

In agriculture, employing pesticides has allowed substantial increase in crop yield
rh

ectare of land. Many studies have helped to establish a correlation relationship

between the amount of crop yields per hectare and the quantity of pesticides employed



per hectare (Hellar, 2002). Table 1.1 presents the use of pesticides and the
corresponding crop yield in some countries. It is clear from the table that the grew
number of pesticides used, the higher the production per hectare. For exa@pan,
which has the highest rate of pesticide use, up to 5.5 tons followed USA and
Europe, 3.4 and 2.6 tons per hectare respectively So, these two e the highest

production per hectare countries, while the African continent @Mexceed 1.2 tons
tare).

Table 1.1: Pesticides Use and the Corresponding Crop Yielgyin Spm.e\bedrjesl,égeas

Country/Area Pesticide Use (kg/Ha)
Japan
Europe

USA

Latin America

Oceania

Africa \g') (§‘12

Q Zfﬂ‘aﬁ'a and Tano (2011)
Like dichlorodiphenyltric@ae @%ﬁ 0 her(gg/%micals, pesticides have
9 Q—
proved their worth in agriculth ellasi hee@&Apart from reduction in the
'1 N
t-borne

number of fatalities dueto in isea s' e% ies were also seen to improve,
and substantial increase in crop y% d b'e(i@ieved. The use of insecticides has

helped to save theflives m'I*ons peop@at could have otherwise been affected
N
by insect-borrea?wses WHQO 0}11) unger. It has been a decade since the use

of pesticid%wed wide popularity to their effectiveness and potential economic
4

benefi wroleu epi{g a

sp&Kd eir use in the agricahure sector significantly. In the agriculture sector, the

per hectare due to the low rate of pesticide use (0.1 tons p

&

ck on agricultural pests and disease courses have

4

des’ role is to safeguard crops and amplify production to meet the rising demand

O\he growing world population.



Even though pesticides, in agriculture and public health, offer various advantages
as described above, their use generally leads to harmful environmental and publi
effects. Amongst environmental contaminants, pesticides contribute @\ially
because of their high biological activity as well as toxicity (chronic M&Jte). Few
pesticides that are thought to be selective in their modes of action aWetimes only
limited to test animals. In general, pesticides are not consi eFNe for mankind,
animals, birds and even the environment. QY.

Though employing pesticides is inevitable, developed countr have the
aX

required modern technology to increase crop yields. ver, indevel i‘g @tries,
factors such as poverty, gradual decrease in u as and hi opu@ﬁ growth

rate are likely to control the food producw comwum ion. Co@ge.ring such a

situation, pesticide use will more Iikewae in the eat@bture. So, the aim

here should be to reduce undesira%wvironm\’dk%n q@vces due to pesticide
N
residues in air, soil, food, hum%s, water angd in the<food chain. Efforts must be

&
focused on striking a balan@en T € enefié negative impact associated
with pesticide use. In ug et al., fir ;dunbrganochlorine pesticide DDT in
4
milk obtained from Db&kAmeii \mq

contamination i %I dr on of&y researchers. As such, various methods

i

¢

were design:(&}sess esticide ngi u(e?in water sources, human milk, agricultural
\

product% ther Jiglogical qui%(Pirsaheb et al., 2015). Most of the applied

pesud&

ermeating to soil a@fants would certainly find their way towards water

&
ers.g&risk to human health from pesticides

S Intensified monitoring programmers have been deployed due to concerns
& d to water quality supplies and agricultural products containing possible
ontamination with pesticides. However, various analytical techniques that are being

developed and greater awareness regarding the need for extensive studies to keep a



check on biological and environmental contamination have helped to understand

X
N

1111 Classification of Pesticides Based on the Targeted Pest%ecies

environmental effects of pesticides as well as their biological risk.
1.1.1  Classification of Pesticides

In this type of classification, pesticides are named after “the name of the
sc

corresponding pest in target as shown in Table 1.2, insect r ingects, herbicides

for weeds and rodenticides for rodents and so on. \d

Table 1.2: Classification of Pesticides Bas the Targeted Iqxsi)ec\‘?

Type of pesticide et'organism. X~
Insecticides
Herbicides

Rodenticides \,

Fungicides \

Acaricides and Miticides
Molluscmdes

Bactericides
Avicide
V|ru0|
Algl £
. §
1.1.1.2 Classification esticide eﬁqhe Chemical Composition

@al @lon t@emlcal nature of the active ingredients
of pesticides Nes e&%?kl cation of pesticides based on the chemical
has been @ tooys gé" associated with the field of pesticides and
envir %nd tho;'e e

al will also providﬁome information regarding efficacy, knowledge of

ki{g %&'ﬁonal details. This is because classification based

on

%tlon physical and chemical properties of the respective pesticides, the

Oﬁllcatlon rates, and precautions required during application. Based on chemical

classification, the classification of pesticides could be done into four main categories,



namely organophosphorus, organochlorines, pyrethrin and pyrethroids and carbamates
(Kaur et al., 2019). Yv

Organochlorines pesticides are organic compounds such as OCPs %\Je or
more chlorine atoms. In the agriculture and public health sectors, th@*synthetic
organic pesticides to be employed were organochlorines. Some ofi¢organochlorine

pesticides chemical structures are shown in Figure 1.1. These Morine pesticides

were broadly employed as insecticides to control a rang ectsl Since they are

resistant to most chemical and microbial degradations, theigimpa tolﬂwgdvironment
@

disrupt th r{ot@stem,

s, andAit tual.death. DDT,

is a long-term residual effect. Organochlorine insecti
making the insect experience convulsions and
endosulfan, lindane, aldrin, chlordane and d% re soTe ofithe comé&l.y employed
representative examples of organochl p%icides. 6
1,1,1-trich|oro-2,2-bis(4-ch|o@g$nyl) @;@D )@s a popular synthetic
compound that was extensive%@ §

yedQn contrallin ects in agriculture and

%, p, p’-DDD and p, p’-DDE,

disease vectors. In this gro E’T) I\ S tab(gq
oil fdod@ff, even after many years of use,

are the most importan ounds. In
4 ¢ &
the metabolites Cjklﬁﬁfoun(i idue. In pational exposure, there is a direct
exposure to these chemicals irect ex@}&fe could be due to consumption of foods
\ ¢ ' CZ
comprising ues of these en‘ﬁca&.} ccumulation of these chemicals along the
food chQa/Ee

Cco ities, e.g., poultry, a@ products, human fat, fish, and milk (Kanja et al.,

N
en goted Pis fal&\to humans. DDT was identified in different food

1986; Rirsaheb et al., 2015). The presence of DDT in the system could lead to premature

G s and even impact neurobehavioral functions (Longnecher et al., 2001).
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Figure 1.1: Chemical Structure Or rnc ne’s/Pesticides

Aldrin: Pure aldrin is charactefi ed\bya mﬁW” ?\ﬁllid structure, which is
grgaﬂic solvents. @h remains stable during

d

Cl

CI™  chloridane

water insoluble but is soluble in m

storage and is not affected b ali a d ad.éb/ut oxidizing agents, heat,

N
concentrated mineral g€ids gd vario‘s ca Iypt@ could lead to decomposition

‘

(Tippawan, 1990). I@t ctiE\w& Ise ed as an ant killer, and compounds

such as isodrin, }Mlor, ieldringghd en fan are highly insecticidal. Endosulfan
i e | y
has an enwro% significa due té’l}s apparent persistence and toxicity for non-

D

@

target or such,as fishes het\t al., 2000).
e
ﬁga

orocyclohexane ) is present as isomers and a-HCH, R-HCH, y-

d 8-HCH are the most common isomers that are widely employed to control

ct pest when dealing with agriculturally important crops, vegetables and seeds.
Qrmers commonly use Lindane (y-HCH) as dust in the seed treatment. Under aerobic

conditions like Sphingomonas paucimobilis, some microorganisms can degrade one or



more HCH isomers, even though it is a challenging task to biodegrade y-HCH (Suar et
al., 2004). As per aguideline (Geneva, 1967) issued with the World Health Orga
(WHO) to keep a check on the active ingredient in the technical product, techni CH
should have 12%-16%, w/w of the r-isomer. In pest control of fooo?& the odor
associated with technical HCH was always seen as a problem. For Wle, potatoes
are prone to taint problems when growing on land, which have been‘treated with HCH
previously. In controlling locusts in crop fields and mal X;n

T mosquitoes in

households, technical HCH has also been employe an Iw to DDT

(Tippawan, 2003).
Organophosphorous insecticides: As
organophosphorus insecticides include a p

framework: Where R1 and R2 usually esea

In some compounds, S can substitu@s in thﬁ?%
of forms is associated with the %p é q

N /
QK e

|
F% 2: Gener orm I%'BfOrganophosphorus Pesticides
er

Ny
Indge ' thes€ nds gé\ more toxic to invertebrates and vertebrates since

choli rase inhibitors cause\Qérmanent overlay of acetylcholine neurotransmitter

iné\pse (Zacharia & Tano, 2011). As a result, nervous impulses cannot move across
e

Q ynapse, leading to rapid twitching of voluntary muscles, and eventually paralysis
n

d death. In the environment, several biological and chemical reactions can easily

decompose organophosphorus, thus are not considered tenacious for the environment



(Martin, 1968). A few examples of widely employed organophosphorus insecticides are

Dimethoate, Chlorpyrifos, malathion, parathion, glyphosate and diazinon (Figure 273Y.
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Figure 1.3: Chemical Structure of S Orww o‘sthorus Pesticides
&) A

Carbamates are organic @s defived f car@ic acid with the general
&
A‘j S

@
Fa' Ire 4:3 drmula of Carbamates Pesticides
\
wk ? >

1 represents tlé al\c/QTol group, R2 signifies the methyl group and R3 is

m@rogen atoms. Fairl)ﬁc;i?]h insect and mammalian toxicities can be associated

th aryl carbamates and oxime as cholinesterase inhibitors. The cholinesterase
ibitions occurring in carbamates vary when compared with organophosphorus and

species-specific and reversible characteristics can be associated with it (Drum, 1980,



Zacharia and James, 2011). Under this group, few of the widely employed insecticides

include carbofuran, carbaryl and aminocarb (Figure 1.5). Y'
o) o %\
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Figure 1.5: Chemical Structure of So bamates Pesti ® Y'

me Car
Pyrethroids are also a kind of pesticides populagfor their‘Jo m maIiQJ. Xicity,

fast effect against insect pests and superficia%iode ion. Alt d@ effective
insecticides are naturally occurring pyret@r u t‘\as |cultu,r<ell nsecticides are
impractical due to rapid photoche 'camra . llm)gurring pyrethrins’

ion
(pyrethroids) synthetic analoguesge signed by emg@e pyrethrin structure by
la

“« Q-

bringing in a biphenoxy moietN placem angﬁMNith some hydrogens. This
N

is done to impart not enly %bllity t al e@intact the basic properties of

pyrethrins (Zacharia & Ta 2011& f st employed synthetic pyrethroids

are cypermethrin&mewin ‘Idd methuﬁigure (1.6).

e
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Figure 1.6: Chemical Structure me Pyrethroi
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Other miscellaneous groups of pestici es:mro \CMdes oégﬁroxyacetic
acids as well the herbicide 4-(2,4 i@ ricé{d (2,4-DB) and
bipyridyls with the herbicides diqu@a%ﬁe

@
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F|Sre .7: Chemical Struéx of Some Miscellaneous Groups of Pesticides

<

\ngicides are pesticides that are utilized for controlling fungal infections in
rops. They exist in either organic or inorganic forms. Examples of inorganic fungicides

clude malachite, Cu (HO),. CuCO3z and Bordeaux mixture, Cu (OH).. CaSOa.

10



Alternatively, organic fungicides include Carbendazim, oxine copper and benomyl

(Figure 1.8) (Manahan, 2001). T

N—H—(CHZ)ZMe / \ @ 0
N /7) \Cu/
N / \
\
N OMe 0

benomy! 4/< 3 '
) \d. .

Figure 1.8: Chemical Scw)f Sor?;p F icidii

1.1.1.3  Other Minor Classes %stimdes \T &-\

1.1.1.31 Classification Ac o AGtivit ectr&@\of the Pesticide

&

Pesticides are categorimto S f@his classification: selective
es.

pesticides and broad-gpec pestic roa %trum pesticides also include

St ¢ _
‘N oad raﬁ}' of pests and even other organisms

esticides (éth as chlorpyrifos and chlordane mostly

pesticides that are bglieved™o

that are not usu@ tar

show toxicit h, pets, Fep

a
l

!
s}an&(ﬁ}ds. On the other hand, selective pesticides

refer to &E th@t lydnfl en@\a specific group of pests. This means that other
v, :
organisms experience little or n@?gct at all. A good example for this type of pesticide

\
|s~<h\eﬂ'¢ide 2,4-D, which effects broad-leaved but not on the grassy crops.

S

11



1.1.1.3.2  Classification of Pesticides According to the Mode of Formulation
1. Emulsifiable concentrates (EC) refer to fine suspensions of oil droplets |Wr
that possess a milky color. Constant agitation is not needed t@}very
application. *
2. Wet table powders (WP) describe a suspension of fine particles ingvater. For these

suspensions, constant agitation is needed before every applica

3. Granules (G) — For applications, granules are collec ixi g clay with the

\d

4. Baits — Preparation of the baits is done by mixing,a food ba |'1 ‘@ctlve

active constituents.

ingredient, which is especially utilized fo contral. T

5. Dusts (D) — Application of the dusts on ry.

with carriers like talc, clay, or SI%i)

he plcall ergo mixing

‘<

_J?t

6. Fumigants — Fumigants are g insectic ?t a "b‘rcally packaged under
pressure before being ke |ds ‘ﬂtey so{o \ln pellet or tablet forms
that release gas upon xtu wit r. A

. =3

¢'
1.1.1.3.3 Classifieation of Ii’ Acc g to Toxicity Level of Pesticides
The Worl Org (W as developed a classification system that
categorlses b ed on eﬁotbl | risks that they pose to human health when
they ac get twﬂh&Jmans For this classification, the pesticides are

gro to these classes: Cla{:l}“- extremely hazardous; Class Ib = highly hazardous;

é\h: moderately hazardous (Zacharia & Tano, 2011).



1.1.2 Heavy Metals

A heavy metal is a term that describes any kind of metallic element that po?!s
a relatively high density and poisonous or toxic even at low concentrations (Ir 1 and
Farida, 2009). Furthermore, heavy metals are generally not further met into less
harmful constituents, and they undergo accumulation upon their release (Akan et al.,
2009). Mercury (Hg), arsenic (As), cadmium (Cd), thallium (T1), chsomium (Cr), and
lead (Pb) are examples of heavy metals that may cause h &:to individuals and
animals due to their high toxicity as well as their likeliho und rgWumulation

B T
ntak ef al., 2011). @utlon
e aW\JI i pred@anent and

ingh, Z&andy etal,

2006). Industrial activities have caus e r&ase of toxi ace@ﬁals like mercury,

within the food chain despite their low concentration

of the environment with toxic heavy metals ha

it is mostly a result of different human activities

copper, cadmium, nickel, and chroﬁ% into th v"o\nment (Yedjou et al.,
N
eQ(an the organs and tissues

2012). Furthermore, there is an%
XM &

of aquatic organisms. Their_int at:I bsor@ are also dependent on the

physiology and elem% ganisms as v‘\‘éII@their environmental, chemical,
’ &
\I'Ns ther% important to monitor the content of

)
2
>
(@]
—h
-0
<
b 3
3

physical, and biologieal conditio

heavy metals foq nm

¢
to food and ural products. Iﬂea@(;%etal contamination in food may result into

NN
serious Qh/ isks bas p'ue ty element and the relative levels of this element.

For 'méme, cadmium and eu%r(y contamination may have an effect on the kidney

ubli&élth concerns, especially when it comes

a g about chronic toxicity symptoms, which include poor reproductive capacity,

& ened kidney function, tumors, hypertension, and hepatic dysfunction (Husnaetal.,
0

14). Furthermore, lead contamination may result into liver damage and renal failure

(Wibowo & Suhartono., 2014). Zinc, chromium, and copper lead to anuria, nephritis,

13



and extensive kidney lesions (Luckey and Venugopal, 1977; Mishra and Shukla., 2014).
Even in extremely low concentrations, cadmium is highly toxic to aquatic orngs
and possesses an accumulative polluting effect. It is therefore considered @f the
elements that possesses the most toxicity in the environment. Earlier r@%—\ers have
observed the presence of considerably toxic levels of cadmium irWent aquatic
ecosystems (Audry et al., 2004; Chrastny et al., 2006). It has t eMcy to behave as
an endocrine disrupter, which means that it could inter ]Rh.cirtain biological
functions such as growth, reproduction, osmoregulation,*develo Whe ability

" X

of fishes to cope up with stress. After entering the or of freshwate fi’he@’ough

their gills, it leads to significant metabolic alte? nd%' ysta@aﬁjuries at
. A\
varying levels (Pratap and Bonga, 1990; BW . SAfter n.éﬁ'ers the organs

of freshwater fishes through their gw ium has r@ d to result into
@ons (Svanberg, 1976).

anaemia in different fish species for @50w an \fm%ce
N
The absorption of cadmium a%wds @ based «©on its.solubility. Moreover, its

\h &
accumulation mainly takes Q!;ce ther' eysh In h@s, its biological half-life can
range from 10to 35y ar et al); 2013). { 0
4 4 &
\& on-

Lead is also sidered |t eﬁollal heavy metal. Furthermore, lead

Lea@!’o influences the hematologic, renal, and

poisoning is Iin@ﬁnenta

neurologic sys (Needlema tJ., @3 ; Hosseini et al., 2015). It is harmful because
% NN

it also aQs/ e centr us s*;&m. Lead exposure also leads to the differential

diaQAof microcytic anae{%*’since this heavy metal increases the erythrocyte
%&ion rate and inhibits the synthesis of heme (Flora et al., 2006; Gautam et al.,
)

. In the environment, common lead exposure sources include lead paint, soil or
ust near highways or lead painted homes, airborne lead that comes from the

combustion of petroleum products that contain tetraethyl lead, batteries, plumbing



leachates from solders or pipes, and lead from leaded chips (American Committee of
Environmental Health, 2005). Heavy metal contamination has been linked twﬂm
center discharges, sewage and waste leakages into rivers, and the entry@erent

agricultural chemicals, domestic wastes, and petroleum products into nd rivers

(M’onica et al., 2006). q

1121 The Toxic Effects of Heavy Metal and PestiCi Cixu'res on Human

Health \d
®

- < s by X
The risk to human body is increased by dail sure to m fo'd _ng ants.

th%' thi@ﬁger. The

toxicity of the mixture of pesticides and I% not @. understood.
Nonetheless, due to their interaction Manother an th tféﬁvironment, these

mixtures may have impulsive conse@ses (Wa\,\gD' rdjevic, 2020).
N
There is also a scarcit i rmaﬂon i e I('Qlc@ure about cellular and

molecular changes that oc*\;muml nd ﬁ}human genetics. Studies on
at

animals revealed that %

inefficiency and semfiniferous e‘)

Heavy metals and pesticides, when combined, i

ogenic e mén@s significantly lost, along with

’

'3
, andﬁfz of germ cell maturation in rats due
to the combinedeffectof C i mon@émkovicova etal., 2014).

[
The ¢ t&)@ity Cd/ Ioéy@ mixture resulted in lipid accumulation in
N
hepatoc% ich incre 9hepa®toxicity (He et al., 2015). A recent study of
Y’

patients ‘with pancreatic canc@()m various occupations who had been exposed to

p \cﬁes discovered that they had higher levels of Cd and Mn (Seo et al., 2019).
& ever, the exposure to chemical mixtures at high concentrations, along with the
pact of co-exposure to multiple toxicants, should be investigated further.

15



1.1.3  Method Development and Validation in HPLC Analysis

1.1.31  Principals and Instrumentation Yv
High Performance Liquid Chromatography (HPLC) is a chromatogr@thod

commonly used for pesticide residue analysis in food and other fiel es et al.,
1996). Analysts are divided between the stationary phase and the mabile phase after
contact with the stationary phase in the HPLC column. ahs,m mixtures are
separated by the liquid mobile phase under high pressure. A%p:r ion depends on
the degree of interaction and affinity between the solute one tsWstationary

hase will iiol‘{e}‘z;rst.
se% cess\tEE'mode of

action of HPLC chromatography is define rse pb@?’RP), normal

phase, ion exchange and size exclusior\% er @ 2012). Reversed

phase (RP) HPLC separation is cha@sized t%;%o cAnt ractions between the

stationary phase and the mobil = eperﬂing e rggéind proportion of organic

solvents in the mobile ph Mh reversed \phase {&‘omatography, normal-phase
N ke fon S

chromatography oper i oppasite aﬁneb‘l’ he stationary phase of HPLC
4 2 &
ial su

column is made of ﬁw pola' ch ilica gel, whereas the mobile phase

phase. The low affinity compound for the station

Regarding the existence of the stationary phase

-poler-%dvent polar solvent like isopropanol and

e%t@ ons, the polar compounds retained by the

NN
I ﬁxcha@technique, the contact is ionic in nature, and the

v

sol separated as ions @an ion exchange resin or bound silica. In exclusion
@@graphy, the separation is based on the size and shape of molecules of the
G es in the mixture solution, the molecules with larger size are less retained by the

ationary phase (Lindsay, 1992).

16



HPLC instrument consists of the following units: the mobile phase reservoir, high
pressure pumps, injector, column, detector, and data analysis unit. The mobile p i
reverse phase chromatography is generally comprised of water or buffer mi e\m one
or more organic solvent with different percentages such as acetonitril?égmethanol.
The high-pressure pump is used to drive mobile phase mixture fromw/oir into the
column at a continual and constant flow rate and pressure. HP CW@ are mainly two
types: constant pressure and constant flow rate pumps. C Lﬁm‘ rate pumps are
used in most of current HPLC applications because it has'less basgline-noi z:nd‘tée'tter

retention precision (Lindsay, 1992). Prior to pumpingithe mobile asia d be

sonicated and filtered to remove air bubbles a ulate M at cql\;gffect the

can b ormed either

r @‘ent elution which
involving increasing of the mobile ;ﬁﬁstrengtﬁ\ou}ﬂ&w @e\separation process.
d% >

pumping action and the column efficiency. ib@ entﬂut

isocratically using a mobile phase withfeonstant solvent

S,
@)
3

The sample is introduce e H h the injector either by

using conventional injecti ms 0 0
injection devices Whi%gtensive used
4

7 &
\Ho devié&,mable loading the sample by syringe

&
d @on devices. The automated

D

rhodbl systems to analyze up to one

hundred sample. T tomate

—

into the loop mixing i 'e mo@é’phase prior to entering to the column

¢
(Lindsay, 1 %\e injector | p&ole_rp(?varies from 10 pL to 500 pL, however, 20
§ NN
pL is t}% sed stand The%ples must be filtered before injection to avoid
i

acc ion of any particul@#htter that could affect the injector, column inlet or
C

@wacking efficiencies, therefore more obstacles can be experienced during HPLC
G m operation (Snyder et al., 2012).

The column is the most important part in the HPLC structure. It consists of a

stainless-steel tube packed with regularly sized and shaped particles (polymer or silica)



known as stationary phase. The rule of the stationary phase material is to help retaining
molecules on the column according to their chemical properties i.e., polar, no?ﬂ,
ionic, or neutral (Snyder et al., 2012). The silica stationary phase has acti@tion
sites for silanol (Si-O-H) groups that are bound to an organic surface omposed
of C8 or C18. These organic surface layers exhibit great selectivity and¢Sensitivity for a
variety of chemicals. C18 is the most often used non-polar hMoctadecylsilane
(ODS). The majority of HPLC systems contain a ¢ &v.en' to control the

temperature of the column, and a guard column to safeguard the COW retaining
B

Yw

any insoluble components in the injected sample extr ' _@
Detection of the analysts is achieved by a per i etector with low

detection limit e.g., Ultraviolet UV, diode AD);\qu cenc@:z(:trochemical

(ECD, or mass spectrometry detecto@. For a or, @most significant

characteristics are sensitivity, Iinea%lecti@% @\/olume, and easy use

N
(Lindsay, 1992). Many chemicalérces 91 the mplefg@nown to absorb UV light

at different wavelengths, arqu\ﬂetef areyvery lar due to their inexpensive
cost and ability to mo% iple wavele ths i@e UV spectrum. A conventional

4 f &
UV detector can m re the aia of t mpound at one wavelength, while a
diode array detegtor D) ret orbance at several wavelengths and can

!
¢
also provid %e identit or’a (;_)J(;;Ricular sample component. With HPLC
\

r%the\ﬂro ‘pmpom{‘hs

|égtrical signal \'Y-
asa rical signal.

{

chroma sensitivity to UV light absorption is recorded

\e software is finally being utilized in the HPLC system to display the peak
& s (e.g., retention time, peak area, and peak height) and to guide instrumental
evelopment through control techniques (improving the validation for precision and
accuracy). Additional features include using the software to make predictions and
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decisions aimed to improve component’s separation as a function of conditions (Snyder

g
A0

The ultimate goal of method development is to establish experimental

etal., 2012).
1.1.3.2 The Method Development
approach that enables the extraction and determination of the pqr;Mthe experiment.

In developing methodologies, there are a number of poin take into consideration,

such as: the characteristics of the sample, the analysis objectives, achssibility
B

of HPLC instruments. Essential data on the analyte
structure, UV spectrum and solubility, should

av?id erfere@;nd column

damaging. The separation objectives %pecified er @%hemical, various

chemical or all sample components %to be ige\ﬁeﬁg'%an d{%’rmined. For example,
E N
it shall be determined whether entﬂeeds 'ngle%de@nination to be measured

or qualitative analysis, wh harii[ e tiong\a'eferred (Snyder et al., 1988)
for selecting an appro@:tor for stahiﬂb’nethod development. Following

4 2
this, the developm Whe mf uld @With a chromatographic separation

HPLC, the pretreatment for samples is regg@

HP@'ﬁethod and optimizing the experimental

step that required seléeting i
¢ ! (,a
conditions. approachesto ﬁe @/ opment of HPLC methods are offered.
\
h m

Reve se (RP. e@s is often chosen as the first option. Because of
the high=resolution, short time fﬂ%ﬁmproved and reproducible retention time, HPLC is
N
inergasingly considered to be best separation technology (Wang et al., 2003; Majors &
& byciel, 2002). Separation is the main goal of HPLC routine methods and plans to
S

olve the sample components from each other. However, different types of

chromatography are appropriate depending on their sample’s composition. The
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resolution is the parameter of measuring the separation quality. In fluid chromatography

resolution (Rs) is used to measure the maximum distance between the two

bands of chromatographic data (Dolan, 2002). It is usually stated as t@mng

equation:

Rs = [2 (t2— tr) / (W1 + W2)] \;

3
where t; and t, are the retention time of two neighborin 1l‘m
width measured at baseline (Snyder et al., 1988, Sher Mohammed, ‘Eq!s@ﬂon
(1.1) can be utilized to calculate Resolution wheﬂ%d peaks ar Ieﬁ«ly split.
Basically, because of difficulty in measurw ?ek@ band between

overlapping peaks, the bandwidth at haI@'o

excellent way for measuring Rs thus, Rs 1S'defined by f

% A
Rs = (B —aﬁ%?wz)] S
% “ &
i"
A;} R
For symmetrical %Cth equ ;ﬂlﬂ@l .2) provide roughly the same
n be e cas

(1.1)

» are peak

=

1a d 2) is the most

(1.2)

3 4
Rs value (1.5). This

il =
peaks touches {l&gelm hb qa}&ntatlve research use of this reference

resolution as G\‘)‘umu vaI sfstrajl’y suggested. However, during the method

develop ncdm lic d mlx@ms some researchers propose values of 1.75 to

ZOSFlﬂe .9) (Snyder et al., LQ)J Dolan, 2002).

N

Y,

when the valley between two adjacent
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\'Sher Mﬁmed (2012)
Figure 1.9: HPLC Chromatograms Indicating Recomm

d R@Utions between
Two Adjacent Peaks \V
: () ,
Resolution can change pecCause thm%jrrms %\IA sed, or the experimental
conditions fluctuate. Therevﬁree i’dep nt factors controlling the (Rs) which
!
expressed by the follox%uation: s P <</0

N.) O
&\RS ='(1/4) - 1) @[k'/ (1+ k)]
N
C\ ) Y
Where: ( ﬁ%’par?i fagtor’ of tw bands on the column (or selectivity), (k') the

4
capamzfa r and (N) the plat%:%&ber.
;W achieve arequired Ie\h of resolution, the selectivity factor (o) should be larger
0

(1.3)

ne (a >1), the peaks must be maintained on the column (1< k'< 20) and some
Inimum number of plates must be developed by the column (Lindsay, 1992; Snyder

et al., 1988). These variables must be optimized to achieve the best conditions for a
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specific separation (Sher Mohammed, 2012). Selectivity optimization can either be
achieved by adjusting the column temperature, the stationary phase or the n

X
composition of the mobile phase. (’}

The capacity factor (k') can be managed by modifying thé'%le phase

composition. While, managing the column length, the particle size%/‘or changing
flow rate can be employed for controlling the number o twcal plates (N).
Practically, these factors (a, k' and N) are correlated, thu ange' in one of these
factors might lead to significant changes in the other. Howeyer, th rwimtor (RT)

Yw
should be given the priority during the optimization ss andt ttfa @Itions

affecting selectivity and the theoretical plate beo{ i (Li@a-y, 1992;

Snyder et al., 1988). \, g
Trial and error strategy should %o optimiz ex@‘?’nental conditions
such as column packing materia(ﬁnperatu;?e:\ng

Choosing a suitable stationary p%the l&zy point 4o a&{&e a sufficient separation
factor (Fekete et al., 2009)&%19 lf onded p a@ClS is highly recommended

p‘@ phase composition.

for (RP) HPLC. Anoth rion considere f‘gtl co@m efficiency and separation with
4

sufficient peak sy W is af ith a.mirimum plate number (approximately

10,000). About 400 differen ' phaﬂe}dlumns are commercially available, they

¢
differentiatesgnhe selectivi Jf {l_\z? hydrophobic solvent-column interactions
., 200

(Fekete , 9).{D): é\\
EN A

are several elen{e@s‘ affecting column efficiency and performance,

i XQ particle size, performing temperature, duration, and mobile phase flow rate

:f der et al., 1988; Wang et al., 2003). Temperature of the column has great effect on
t

ention time controlling, selectivity enhancing and peak symmetry in liquid

chromatography, but it may possibly cause challenges (Dolan, 2002). Temperature can
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be varied (0-70 °C) to control selectivity, usually better resolution can be achieved at
higher temperatures, typically in the range 25 to 60°C (Snyder et al., 1988).

Increasing the column length is not good choice since it increases @}ntion
time and cause peak expansion. Decreasing the plate height equivalenFUNweoretical
plate by decreasing the particle size of the stationary phase, leading to‘increased HPLC
column separation efficiency (Lindsay,1992). This can result 'nwack pressure if
samples contain some particulate matter. Though the o Y:m'/ rate is highly
affected by the experimental conditions, particle size™of. 3 - 5 pm. itabig'for
performing flow rate of 1 mL/min. The retentio@parati se ti'ity_f& also
differ between column producers and productiv;; es of ds den@' columns
from the same manufacturer (Dolan, 2002): \ %\T

Successful selection of columns @Ie phase 1 y p@o develop simple
and quick analytical HPLC proce%Wang e\m% (@‘Nhe mobile phase is

responsible for passing the solu% the s?ation yepha erefore it should be pure

&
to avoid any material that %ge 17 ationary @ or instrument parts such as
strong acids or bases a@;. For RP-HP ,'thsbst choice is the use of acetonitrile
d &
solvent for initia@on, ff M y m ol. Lower pressures, slightly higher
concentration oﬂl S as 'etec@‘épplicability in UV range 185 — 205 nm
¢
are the adva t&@)f acetonitri (Iﬁmfz?lQQZ; Snyder et al., 1988).
\
F%k selegtion ‘,the mc&le phase is to choose the elution mode which

m“o

s

ending on separati@‘ace. For separation space (> 40%), gradient elusion
@uitahle. While separation space of less than 25 %, isocratic elution is suitable.
:T separation space is defined as (dt / tG) when dt is the last peak retention time (tn)

i

inus the first peak retention time (t1), and tG is the gradient time or run time (John

mai

Dolan, personal communication). Despite the gradient elution, isocratic elution is
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preferred for simples containing of less than 10 elements because of its low cost
(Schellinger & Carr., 2006). Yv
The pH of the mobile phase has a significant impact on peak spacing@larly
on separation of acid or base sensitive compounds. The typical run‘ﬂkor HPLC
method is between 10-20 min (Dolan et al., 1998; Snyder et al., 198&.
Y
1.1.33 Principles of an Analytical Method Validati Y. l
A validation of a method tests the applicability o tica mWaIidation

Y
priatefess,of the E@Ioped

ana% wix@z~ required
limits (Maldener, 1989). Method validation% o

g sa\mp repar@'ﬂ, review, and
results evaluation. Applicability and s@ns depen inIy@%he target analyte,
the analytical method used and p@re imp \m%io @@\a In 2006, European
Commission guidelines for ad% mefl’md ( C?{@@SZ) established quality

control protocols for pesticide r 'du? y (Eur@an-Commission, 2006). The

is a structured and logical way of demonstrating the

method for assessing the analyte providing p

-

analytical n@mds are briefly explained below.

g b o
Qo

most common validati ters fo

Selecti %o distingui thg\/\@])t d component from the interferences of other

N y
compor% he sample Pe terma_ selectivity expresses the most critical parameter
for &d validation that @bes accurate research measurements. The word
S% ity is often used with the word specificity interchangeably. Currently, a major
rror is made by explaining it clearly if the approach is not very descriptive. Therefore,

hus, one should differentiate between the two words (Sher Mohammed., 2012).
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Selectivity means the ability of the system to generate responses in the complex
matrix for several analytes, and to distinguish the responses each other (Vi :
1996). While specificity describes the process, which produces a respons@g}ingle
analyte only. (IUPAC) proposed promoting the idea of selectivity a essed the
issue by voicing the notion that "specificity is the ultimate in selectivity" (Denboef &
Hulanicki, 1983; Vessman et al., 2001). Therefore, these two OM should be used
carefully, and the selectivity must be considered as a key p intall aprlications of the
analytical methods (Aboul-Enein, 2000). \d

ou g

Normally, the concept of selectivity is very co when usin \/]d@on in
HPLC analysis because it can identify several nts% sen@a sample.
A blank sample with and without the analytes uIque to t e selectivity

against all matrix components. The thoashould S te @‘e components or

interferences with appropriate resol%(Rs > 1. %Jle @%9).
f S
L

(7]
RN
1.1.3.3.2  Accuracy and.Prec 'onL %\

The accuracy of ical method i en{iﬁ@s the similarity of the calculated
4 ¢ &
value to the true v Wtamei. \'ﬂc Iy rgneasuring method is optimal, because

atio \&ﬁnot be precisely determined. Certified

i

¢

reference mixsm;(CR S) us II)’US@(}? calculate the precision of the measurements
N

tweeﬁ\he predicted value and the true value, and then

that determiné‘the differe e
RN

calc he actual error size. \c.}'

the real or actual valtie of

\me accuracy and the precision are important quantitative parameters to evaluate

& mistakes associated with the analysis process (Manoli and Samara, 1999).

herefore, identifying the sources of errors influencing the accuracy is necessary to

25



enable the analytical chemist to obtain a smart technique to minimize the effect of the

errors. T
There are three main sources of errors as the following: gross, sys@ and

random errors. Gross errors which can destroy the developed method orming a
new one. Systematic errors or bias are constant errors when repeatingfthe experiment
under the same conditions. The best example of the systematic error seurces are spectral
interferences, and standard preparation Random errors mr rs which differ

randomly when measurements are repeated under th me WThey are

unavoidable and alleviating them takes a lot of care. m errars i ericg@usmn
while the accuracy is influenced by both r nd s t iC errors: Another
parameter is called uncertainly WhICh s r nd ség:atlc errors.

Uncertainly is used to specify a rati e W|th|n
estimated quantity should lie (Mill Millerﬁﬁ% g@QOOO). Calculation of
uncertainty is mainly affected b% e preparati G\Ae@ Majors, 2002).

An analytical method: k&on cribed asé@degree of agreement between
the individual tests ac mn th Jmet d'ls

“ loyed to different batches of a

standardized sampl sually,\rﬂlp esseg.s/standard deviation (SD) or relative

standard dewatuK( pe or&) n five standard replicate measurements
at varied ¢ w

tion Iow @/ nd high concentration. Precision can be

charact ourt e {é}\ owing: Repeatability or instrument accuracy is
dete ined by a repetitive @e measurement to test the performance of the
i nts Instrumental measurements usually cause a random noise or error which
e tested with appropriateness tests but is difficult to eliminate. The second form is
currence (intra-assay precision), which is measured by one researcher using the same

conditions, performing sample analysis in one laboratory. The third form is intermediate
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accuracy achieved under different operating conditions, using the same laboratory and

analytical technique. Finally, reproducibility is the most critical form of precisio

testing the same sample under different experimental conditions like (%\y of

An analytical procedure's linearity shows its c 'tgto ')roduce results

laboratories, analysts, and instruments (Green, 1996).
1.1.3.3.3  Linearity and the Linear Range

proportional to the analyte concentration in the sampleyeithe dh‘eqldr through
oy

mathematical transformation (Shabir, 2003, Chan & Singh, 01). _@Iinear

response is measured by testing a standard solui ea% i rem\tiﬁﬁés within
the predicted range of the analyte. The fegression ation Vz~ax + b) is

determined by the plotting of concenth,) against

2009). The line of regression is su@gsd to ass\afe$
ore thaﬁ.qhe error in preparing a

source of error from the calc%spon ei 73

is
concentration of samples. Cc elz:l co icie% requently used to show the
&

linearity of the regressi% handr
4
in the language use ﬁq}earitlf \ama e

Five different phraseS'are u

¢
namely r, 2 wion effici

with rz% ically” Rea P Prodéh'Moment Correlation Coefficient (PMCC) is
Yw

Cco expressed as r. In @ése of a straight-line graph, the value r? is the same

a%&etermination coefficient and represented as R which is determined from the
alibr

er ua\ tributed errors. The
N

r};h,@ﬂ. Nevertheless, there is an issue

rs ag:mng to various views in the literature.
cribe(rﬁefarity criterion, according to the authors,

éo@ion coefficient with r correlation coefficient

ation curve regression line provided by Excel to R? as a decimal or as percentages

multiplied by 100. The r? value is always much less than r (Miller & Miller, 2005).
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The R%(r?) determination coefficient identifies the shift from the regression line
as a percentage (Sher Mohammed., 2012). The linearity requirements are defirw
mixture of the r correlation coefficient and the R? (r?) determination coeffi(e%h case
of a biological samples HPLC assay, a correlation coefficient of m 0.995 is
usually considered appropriate (Arnoux and Morrison., 1992, Sher Mohammed., 2012),
While for drug samples at low concentrations, the correlation_coetfigient should be >
0.98 (Green, 1996). The linearity criterion for output of nx;e‘s IS appropriate
when r? is 0.998 or greater (Hall & Dolan, 2002; Shabig_et alg, W&)rrelaﬁon
| practices il’er.@l‘zﬁler,

erfornance.i atis@?c')ry when

2, Si‘abl t aI.,@;g. However,
calibration curves with r values gre\%@ 0.99 are e c@on in analytical

practice (Miller & Miller, 2005). \ S
& NS

Method range is the int%apprgpriat aacuraqf?linearity, and precision

coefficient r values > 0.99 are widely reported in ana

2005). The linearity description in case of autos

r’ is equal 0.998 or more (Hall and Dolag, 2

between the upper and lower leve ofjx alyte conc ﬁtlon in the examined sample
07)

(Shabir, 2003; Chandr%zngh, 2
4

and the method's intended use'

as’ed@'the results of the linearity study

&

eis z&wured on either a linear or nonlinear

pr@ﬁble to plot the concentration or (log

e\n'atie-n}cq‘rom the regression line or against the

Y
concent% spomse,_r ? in @er to avoid any confusion with the range
X

detegﬁion process. A non io%l‘ calibration may be required in a certain analytical

%, but a linear form is chosen in the vast majority of cases (Chandran and Singh,
S

response curveg(Greenm, 1

concentratio ither against
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1.1.3.3.4  Detection Limit and Quantification Limit

Limit of detection (LOD) is the minimum analyte concentration that?m

reliably detected and differentiated from zero level (or system noise Ie@!‘ no

quantifiable, while limit of quantification (LOQ) is the lowest conc ion can be

(o d

quantified with reasonable precision and accuracy under specimxperimental
conditions (Caldas et al., 2009). When evaluating LOD and LLO es, a variety of
methodologies are employed (Armbruster et al., 1994). i:d lLOQ are often
determined based on the analyte's signal to noise ratio, which gen ralfesqulonse that
spectiyely, wheh K@Eyte
tr@ S re@zanship to

here Sé\:qhe standard

pe. <<ny scholars prefer

is three and ten times higher than the system's noise le

is detected. Another technique, on the other h

assess LOD and the 10 SD / S relationship e
deviation of detector response and S is cal';P(ation

1 '§\3 which corresponds

to use the value 3 for LOD measureﬁgs rather \bhgf

N
to an error probability of 7 per er thgh 5 percent, a@is more accurate (Oteef,
2008; Chandran & Singh, Z@ l A;%
The standard dewviati n be considered las~®'standard deviation of replicated
4 ¢ &
onse

blank sample res@lltemf\::sgs

éweak area to concentration. In most
chromatographig,practices, ach i %(suitable because in most blank samples,

¢

!
the peak are %@nse iS not s&ahbg'.)statistically, calculating the detection limit
r

through ssioff line !a Iow@/el set of standard concentrations is the simplest

-

appm&Miller and Miller, @ Oteef, 2008). The LOD exhibit signal (peak area)

e nt to the blank signal (YB) plus three standard deviations of the blank signal

6';‘2) as explained in the following equation:

The peak area of limit of detection = YB + 3SB
(1.4)
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The calibration curve of low rang concentrations is plotted in using the
Microsoft Excel. To measure the LOD peak area, the intercept and standard de?m
of the regression line are replaced by YB and SB, respectively. The peak @LOQ

can be calculated in the same manner by replacing 3SB with 10SB (Fi 0).

-

mAU sl

ye+i0s8 [z
YB+3SB

Figure 1.10: Calculating the LOD arM.%

on the Standard Dewflon ofthe
% %

1.1.3.35 Recovery \
Quantitative analisisv%d to'exac le\g the quantity of the analyte.

Determination of the metho eco;&i' m‘bor@nt factor in validating the accuracy

of the proposed @Cald s et aly, 2009)=Recovery is a measure of an analytical
N

method's effe§h§q;s injisolating arld fying the analyte in the examined sample

' 4
d SiS?HI hr ery at the final measurement stage with low
matri 'n‘@ence isd iraU‘e.LﬁE’IUPAC described recovery as "the proportion of
the%y of the analyte, pr?;)nt or added to the analytical portion of the materials

ed, which is extracted and presented for calculation” (Thompson et al., 1999).

Govery experiments are usually curried out by analysis of a blank sample spiked with

known concentration of the target analyte, checked at various levels of fortification for

after extr

5

(7]



more than five replicates for each sample at various spiking levels. Recoveries in the
range of 70 — 110 percent are most frequently appropriate (Linsinger, 2008). T

a multitude of factors that influence recovery values, including the sar@trix,
sample preparation procedure, analyte of interest qualities, and concent oor rates
of recovery would probably be due to extraction, evaporation,f@dsorption and
degradation of the analyte (LeDoux, 2011). Although the rec eN may be greater

than 100 percent in some cases, this could be owing to som iguity 1uring extraction

molasses, and i&ea prod@&' Furthermore, this fruit is abundant in

!
¢
protein, car &D&e, and min alf( -(S'I?owman and Fahad 1990, Kamal, and Fahad
"
result of th i carbc@drate content (70-80 %), these fruits have found

b

mor: isation as a sugar s lm}’ This is especially true for countries that practice
a%Nate fruits production. Date fruits are also considered as a good source of natural
ntioxi

dants due to the high content of various phenolic compounds in the fruits. These

Qenolic compounds include protocatechuic, vanillic, para hydroxy benzoic, coumaric,

syringic, and ferulic (Al-Farsi et al., 2005; Eman Abdul Rahman., 2015). These
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compounds have a significant effect on total antioxidant activity and may benefit human
health as well (Besbes et al., 2009). Furthermore, date juice concentrates are ew
sources of ascorbic acid and tannins. There is also a strong relationship@?m the
total flavonoids and phenolic contents in date fruits, which is suggesti e notion
that these compounds have a vital part in antioxidant activities (Ko&‘,-et al., 2011).
Because of their economic and religious importance, date frui swnsidered as one
of the most vital crops in the Kingdom of Saudi Arabia ( Yn. I'aq, and western
Arabic countries like Libya, Tunisia, and Algeria. Beca f its iwr‘nic value
and Date fruits are targeted by various species of pest infest date tf’e;@eing
cultivated, this crop must be protected using agsigni can% f pe%‘ﬁdes. The

Ministry of Agriculture in KSA has re E |cof\ol F), C@‘;;)yrifos, and

Amitraz (AZ) to control mites. These are use rate@()o ml/100 L (Al-

Rehiayani and Osman 2003, 2005(}33 resu \t& h
residues on (or in) the date frun% thelpharv t&Re% ny, to date there is very

limited available data regar Nbacc of peﬁldes residues in date fruits.

El-Saeid et al., ( ?nductew}'o ee date fruit cultivars — Khalas,
able

Nabout Seif, and S ri. T e it nflrm that the fruits and seeds of the

g@\mulation of pesticide

date fruits are con tICI S|dues such as herbicides (Atrazine,
Glyphosate:!: (D| etho J1 p |fos) fungicides (Benomyl, Carbendazim),

OCPs % , Digldrin as%udes (Amitraz, Dicofol, Tourk, Abamectin).
AbdﬂUAet al., 2018 report@ pesticides in dates fruit marketed in Al-Qassim

@GA using QUEChERS method and LC-MS/MS.
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B Days post pollination .
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Source; Ka&l etal., (2019)
Figure 1.11: Stages of Date Fruit Development e

l

1.3 Problem Statement \d

Date palm fruits (Phoenix dactylifera L.) are&ry food in m n)1 ni;\' due
to their nutritional content, antioxidant characteristics,'and bengéficial enefi\t/&ﬁn human
health. Date fruits are consumed across the world, bgﬁw\fbod w medicinal
purposes. Furthermore, recent studies @vn that uitﬁgﬁfer great benefits

to the health of consumers, includinthe effects ofli Wﬁ @igh in disease-fighting
\
antioxidants, may promote br@ b loweri ir@mation and preventing
plaques from forming in the brain, por@for preventing Alzheimer's
disease, and promote a%Ctural labor f pteg@ women when consumed during
regnan

4 s
et’al., 2016):

the last few weeks nanc

=t

tural{émmodities, is vulnerable to a variety of

@)

i
ﬂoy&&?n practically every stage of date production,
N

storage, %%d’uct Jmanu tu ing&ensure quality and food safety (Abdalla et al.,
ticid

Date farming, like ot

pests. Pestici req en‘tly

s

2018). Pesticides can be damag'@gxhuman health in addition to their beneficial effects

sMS, and due to their Wﬁspread consumption, date fruits might be a potential
%of pesticide exposure in humans.

o While pesticides in agricultural products have been extensively monitored for

many years, routine management of date fruits, one of the most popular commodities in
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the Islamic world, has been less frequent. Maximum residue limits (MRLs) for
approximately 450 pesticides in food have been established in the European Uni?s)
by the directive 91/414/EEC, revised and applied by the regulation on maxi@bsidue
levels of pesticides in food and feed of plant and animal origin 396/200!A\to protect

human health and regulate international trade. ?

Nonetheless, there has been an increase in scientific inqgimf public concern

in recent years over the existence and control of trace-leve ti esidljes of pesticides

alyti IWIogieS for

.y
one of the sﬂw@ used
atr% ick&/, cheap,

effective, robust, and safe (QUEChERS) a‘pg@ , wlo'Th initi@ijlished by
&, )

Anastassiades et al., (2003). \ ®)
QUEChERS is a sample ext@isn and c\r’ug @used to prepare the

N,

sample for gas or liquid chroma%/. Thg QUuE RS(Q nology is used to extract

pesticides from foods havi Mer ﬁ‘jr;or n 80%. Because date fruits

have a low water co@%%]&ﬁyﬁs@ﬁd to modify the QUEChERS
ents

in date fruits. As a result, robust, sensitive, and selectiv

pesticide residue analysis in date fruits are required. T

methods for pesticide residue analysis in variou

’ &
methodology in tk&of thf N %ﬁ;wolved in extraction and clean-up
conditions, as well as‘pestici 'atogta-j&dc analysis.
¢

PeStiCES sidue analysi oﬁe@ormedin several steps. First, target analytes

NN
are extr% m the matr‘i@sing organic solvents. Second, crucial clean-up

Y.
roqﬂk\s, then liquid or ga@*bmatographic (LC or GC) analysis, which is often

©

fgm by detection step.
Q Matrix effects are key causes of ambiguity in chromatographic analysis

rostlikova & Hajslova, 2003). Depending on the pesticide and the matrix, co-eluting
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matrix components may be responsible for false-negatives, false-positives, or
inaccurate quantification (Taylor, 2005). Yv

Pesticides residue analysis procedures require a high degree of p%& and
accuracy, which associates with a sufficient removal of co-extractives g ing matrix
effects (Kruve, et al., 2008). Even though several approaches for varmod matrices
have been reported in literature, pesticide residue analysi re}N‘s an analytical
difficulty (Botitsi, et al., 2011; Fernandez-Alba, et al., 2008)? Y:eslpecially true for

made to

(¢]

&

extremely tough matrices like date fruits. Although m fforts h
develop methods for pesticide residue analysis in d uits, partic rI] @bying

HPLC-DAD, sample clean-up and solvent usag?; uKa('ls : \Y
erforma Ny

In HPLC-DAD, the advantages of hiw

identify pesticides multiresidue were ed Dith low-c

analysis under reproducible conditi@ﬁigh aut\.ﬂiox,

N
detection. ‘% 0 4 Q(?
\n &
The large quantities of cons edr s cam causgiigher risk of pesticides, which

sceplible iﬁ@iduals. Therefore, there is a need

is especially true in chi others
4 ¢ &
to establish safe v:@me@ sticigzemoval from date fruits. This current
study will ther% idat 'fe te h%frﬁues of washing treatments. So that the
¢
impact on ¢ 's health ¢ be’re@.
H%&due to the ?eased&e of cities and their intersection with palm tree
Yw
farr@&eas as well as hi@s, real ways, oil fields, and chemical industries,

r% published data from Medal East showed an increase in some dangerous heavy
G Is contents in date fruits, such as arsenic (As) and lead (Pb), which were found
igher than the maximum tolerable daily intake (EDI) in date fruit samples from some

locations in KSA.The calculated hazard risk index predicted that both AS and Pb may
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have a possibility of health risk to a consumer’s health (Aldjain, et al., 2011; Salama et

al., 2019). T
Heavy metals can cause serious threat to animals and human being@&i
their high toxicity and tendency to bioaccumulate in the food ch n at low

concentrations, (Suantak et al., 2011). Therefore, monitoring of pestl e residues and
heavy metals in the imported dates into the Malaysian marke; IS ssary due to the

large amounts of date fruits consumed.

1.4 Objectives of this Study
In the present work, the study will focus

1. To develop and optimize the QuEChW acti

for determination of the selected&%&

chlorpyrifos) in date fruits sa

2. To develop and optimize DAD analysis rne&%?)d for separation and
analysis of the select de f e frlg

3. To investigate ol% ble so Ilnt std he optimization conditions to
reduce the pestigides conie e frui (QZ% minimum effect on its nutritive

value. &

d op mlze fafge |t| e digestion procedure for date matrix to
\
a etal s&mtents in the examined date fruit samples using

&AS and this will m@
E\ Determination of health hazard index HHI of the heavy according to the

é‘ﬁg

o measured concentration.
b. Determination the effect of water washing on heavy metals contents in date

fruits.
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1.5 Scopes of the Study
1. The study focused on QUEChERS modification and optimization of date frui
extraction and cleanup, the factors, and responses for optimization of t@ction
and cleanup analysis were compared using plackett-Burman(P-B) SGA@g design.
2. A successful HPLC-DAD Chromatographic method for isolation Wantification
of the target pesticides in date fruit matrix was developed a@ed via linearity,
l

3. The developed method was successfully applied in e tion an mation of

examined pesticides in date fruits using isocr@wn and;si rﬁo@)hase

methanol/water (95: 5) 5mM ammonium for \ T
4. Health hazard index (HHI) for examme esticides ulatedg.

5. Suitable washing methods were d optimized“ for éﬁcide removal to

sensitivity, accuracy and precision.

achieve a high percentage of rem ft e ex %pe i '&‘es from date fruit with

&
‘&

6. A sensitive digestion z@' dI nation of essential and non-essential

a minimum effect on the nu Iue oq dat

D

heavy metals (Fe, As, , A a &i n date fruits was developed and
optimized regar h\h dlg S tureguy, temperature, and duration.
7. The develop digestion as ssfully employed for determination of

8. Heal% indek Of héavy metal was calculated.
o ¥

f water washing on r(%\/y metals content of date fruits was evaluated.
N
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