CHAPTER 4 T
RESULTS AND DISCUSSION: OPTIMIZATION OF THE HPLQ%&

METHOD AND ACETATE BUFFERED METHOD FOR PE&I DE

EXTRACTION AND ANALYSIS Q
4.1 Optimization of HPLC Method for Pesticide Sep tloz
To obtain the best resolution and peak purity f Separat des three

important chromatographic factors were optimize h a tectl n 'N.\ Y;gth
mobile phase composition and flow rate. \/\T

The optimal wavelength for ultaneou @J the three pesticides
\

namely, dimethoate, carbendazi Ior rifos.were @nlned using the standard
pesticides solutions and |soca\e uti cribed\& section 3.3.1.1. Detection
wavelength was examined 2249, 254 al @While other chromatographic

f

conditions, flow rate nd m iIe poa@’(/vere kept constant. The wavelength

of 254 nm sho atogr@wuh less interferences and strongest

sted &‘é@icides while 249 and 270 nm showed very

absorption fo f:f thre
small |§ s for, chl J/r 0S s they were not suitable for simultaneous
ti

determ of the three p@é\)t&j.es therefore, 254 nm was chosen as working

: gth. Results are shown in Figure 4.1.
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4.1.2  Optimization of Mobile Phase Composition

To optimize the chromatographic separation, mobile phases with varied rw
acetonitrile, methanol, and water with and without ammonium format (@NHA.)
which commonly used as separation modifier were tested as desc in section
3.3.1.2. Acetonitrile water systems were found not suitable mobile phase because of
poor separation for the target compounds which may refer to i Mly low polarity.
Isocratic elution of methanol water 95:5 with 5 mM amm mite improved the
selectivity and was found suitable for separation of etho e,wilzim and
chlorpyrifos in standard and the sample extract with table resol nlas;f@‘rn in

1 n

result Figure 4.2. However, ionic mobile pha ier wor c@ﬁg of the

alkyl-bonded surface of C18 stationary phw h thi\ modifier ca@&c.)rm a weak

bilayer that competes with the so\onaecules a acil@% the resolution
enhancements to improve peak prow decre@\gxt% p qj(ﬁriling, minimizing the
\

band broadening, and reducing%ysis ﬁme (Gare1a- ez-Coque et al., 2015).
\ Ajﬂ \\‘v
N
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4.1.3 Flow@timi :

Theopt iZation th‘ef

N
1 O
Ffate $8 done by varying the flow rate at 1, 0.8 ,0.5

L

and 0. WPlIb_tD)o e@ctors namely, (wavelength and mobile phase
%/W

com ere fixed. As s@;x; in Figure 4.3, though increasing the flow rates
Si ntly decrease the retentlon times of the pesticides, it negatively affects the

ution that causes bad separation for dimethoate and carbendazim at the flow rates
1.0. 0.8 and 0.5 mL/min. The best resolution for the three examined pesticides was

achieved with flow rate 0.2 mL/min. This can be explained by that, as the flow rate is
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decreased, the speed through the detection path decreases, the residence time of the
analyte in the detection zoon increases, to give more chances for more phmvo
contribute to absorption. Following this fact, peak area will increase in pro@o the

inverse of the flow rate (https://www.chromatographyonline.com). A
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4.2 Validation of The Chromatographic Analysis
The developed HPLC- DAD method was validated via linearity, limit of d?!m

(LOD), limit of quantification (LOQ) (sensitivity), accuracy, precision@atrix

effect. -&

4.2.1  Linearity of Calibration Curves

Three sets of mixed standards solutions of di
chlorpyrifos were prepared and used to build up three calibrati W‘r each of
inear fegressior a_rlﬁkSis of
in %' ion mj&tion and

. ity of@:zc-t.or response
was confirmed linear between 0.02-1&9@ because onv@‘nce values of the

gf’sas shown in Figure 4.4

which ranged from 0.975 — O%dim&hoat 996 9 for carbendazim and

&
0.998-0.999 for chlorpyrif %bta]w alues @each pesticide indicated that
; for

the developed method % suitabl r‘rldlt@us analysis and determination of
’ &

dimethoate, carbe’r@and cl‘n S resgea in date fruits.
&

Tab . aia o\fbkg Fancggbf Pesticides Calibration Curves

Co ration rarﬁe (“f/ ): Obncentrz;\tl(IJ_n range Concentration range (png/mL)
Pesticide (ug/mL)

)

-
! [ & {\\ 0.2- 1.0 R? 2-10 R?
; s

Dimethoates :Y= .07X—0.175y 0. 8Y.Y=24.682X+2.185 0.975 Y=11.142X+ 3.689 0.979
m 588.91X+ 0.7176 0@7 Y=326.11X-4.558 0.999 Y=183.27X-34.970 0.996

Carbenda\
Chlorpyr? =157.43X +0.1077 0.998 Y=39.364X- 0.041 0.999 Y=37.911X-2.972 0.999
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Figure 4.4: Calibration Curves ofi\%ange

(c) 2-10 pg/mL

4.2.2  Limit of Detection a

The sensitivity of H . ADE hod was ‘d\germined from limit (LOD) of
detection and limit of % tion (}bQ));t‘n D& and LOQ were calculated from
the calibration cu foll@ED — 3.3%0/S and LOQ = 10*0/S where, o is
standard deviati%&gres i Fnd{j}} e slope the calibration curve. The limit

[
of detectio %fcr m o§e,’car\Qeﬁdazim and chlorpyrifos were 0.0065, 0.0073
ng/mL, i

and 0.0 re ly. @e the limit of quantification was found 0.0197
Mg/ 059 mg/kg), 0.022 L (0.066 mg/kg) and 0.0177 pg/mL (0.053 pg/kg)

re?\/ely. The obtained LOD and LOQ values for the tested pesticides are

Q parable to those reported by Froes and Navickiene (2013) and correspond to the

ANTE (2015) guideline, which states that the LOQ value must be equal to or less than

the maximum residue limit (MRL) value defined for each analyte in a specific matrix.
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4.2.3  Accuracy

The developed method's accuracy was determined by recovery study in
date samples were spiked with known concentrations of standard solution@ailed
in Section 3.3.2.3. Unspiked samples (controls) were produced and analﬂ&'@ the same
manner. Three standard doses of 0.05, 0.10, and 0.15 mg/kg were usWhe recovery
experiments. Table 4.2 summarizes the findings. Percent rec VNied between 98
and 102 percent with an RSD of 2.86-10.4% for dimethoa %n'i 107 % with an

RSD of 1.39-6.1 % for carbendazim, and 97.8-103% an D\s!\#d % for

5
X
chlorpyrifos. The obtained recoveries and RSDs s@s« the approac ij s@e for
s b 4§

evaluating the pesticides under investigation. N
\ Y_
Table 4.2: Recovery Stu ngan?fped stici

7 d

ﬁChlorpyrifos

"
added mg/kg A—\o.os 0.1 015

Amount 0.0506 0.098 0.1

Dimethoate \ bendazi
Amount o he .1 015000 %?o.

. 0.15@%30.0489 0.0995 0.1497
7 +

measured + + + +

mg/kg £SD  0.001 0.0053 00042 0/Q021 0.0022 0.0012 0.0031
Re‘(:%ery 1012 98 107 \1400.3 97.8 995  100.3
(RSD) 10.4 . 1391y 139 45 12 207

424  Precisio \ ' %
&
establishe@od, as describ @Jction 3.3.2.4. One concentration from each
B ’
pesticige

/mL) was pik&j am\d'@VaIuated five times on the same day and three days
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latex, As Stated in Table 4.3, tﬁe&)standard deviation RSD of the pesticides spiked was

%ined to be as follows: Inter-day RSD values for dimethoate ranged from 1.68 to

Q? %, while intra-day RSD values were 2.02 + 0.045 %. Inter-day RSD for

carbendazim varied from 1.6 to 2.58%, but intra-day RSD was 2.013 £ 0.051. For
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chlorpyrifos, the RSD for inter-day measures varied from 1.5 to 2.17 %, while the RSD
for intra-day was 2.57 %. The fact that the relative standard deviations (RSD

less than 4 % supported the established method's viability for the examir@icide

analysis (Green,1996). ‘&

Table 4.3: Intra-day and Inter-day Precision for Examined Pesticides

Inter- day (n =5) Nra—day (n=5)

Compound (pg/mL) Day 1 Day?2 Da
Dimethoate 2 ug/mL~ 1.898+0.055 2.015+0.062 2.0 4 !.02 045
RSD (%) 2.28 3.07 1. 22 Y'

Carbendazim 2 ug/mL 1996+ 0.032 2.011+0.052 2. 0.033 2 1:11
RSD (%) 16 2.58 163 » 283
Chlorpyrifos 2 pg/mL ~ 1.979+0.03  1.887 + 0.04W76 +\x@ 8% 0.051

|

by th qmet@eported by Abdallah et

RSD (%) 15 2. N “1.76
S
425 Matrix Effect (ME) AN
sured

Matrix effect (Figure 4.5) wa

al., (2018) which described 1M&Section . A caﬁ(Blration curve was used to
determine the effect ofithe date fruits 1

\
atrixyon t@ctor response (suppression or

:
W the sélyént calibration curve (SCC) of each

atch@palibration curve (MMCC), which were

enhancement) by compari

pesticide and the&of the

: | . .
both created e conéen igh |e\9€D3 of the examined pesticides (0.5, 2, 4, 6, 8

Dj ¥

pg/mL) |%’5 equation (3.1).

§9 S

results in Figure 4.5 s@ed that during extraction step, one of the tested

:Ms (Chlorpyrifos) had a low matrix effect of 1 %, and two pesticides dimethoate
C

t
|

arbendazim had a medium matrix effect of 36.7 % and 29 % respectively. Clean

Qstage showed strong ability on reduce the matrix effect to become, 0 %, 18 % and

11 % for chlorpyrifos, carbendazim and dimethoate, respectively. The matrix effect less
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than 20 % indicated that a clean-up step is very important and necessary for pesticide
analysis in date fruits matrix to increase the degree of certainty. Interference pr

in complex matrices such as date fruits are mostly due to hydrophilic co-ex@s like
sugars and phenolic acids, or hydrophobic co-extractives like amino aci‘*teins, and
lipids. When these compounds are present in the sample extract, theRn'generate the
matrix effect which strongly influences the parameters suc Mracy, linearity,
LOD, and LOQ, which are all critical factors that are ass m the validation
process (Lambert, 2004). The level of ME is usually variable an rWE strongly
depends on the interactions between the analyte and the“igterfering co- u'o&@vr:ese

et al., 2020). A specific analyte may respond di y i% matugg, and the
: osto{ '

same matrix may affect each analyte differ e, d@gg the sample

or reducing the injection volume doesw)ade satisfa ke@r overcoming the
matric effect. Sample preparation @seanup \ﬁq?es @quired to selectively
\

eliminate or reduce co-extracti.éferenges (Certese Q?ca? 2020). To completely
eliminate the matrices effe hcti\r raction @ be planned and carried out
(Kataoka, 2010). Q)z J S

e L.
40% 36%
x % 29%
s 30%
U 25%
by 0,
5 20% 18%
£ 15% 11%
hd
g 10%
5% . 1% 0%
0%
-~ dimethoate Carbendazim Chlorpyrifos
\ Pesticides

W matrix effect before clean up W matrix effect after clean up

igure 4.5: Matrix Effect Levels Before and After Clean-up. (ME) 0-2 Soft, 20-50
Medium and >50 Strong.
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4.3 Optimization of Extraction and Clean-up of the Acetate Buffered

QUEChERS Methodology T
4.3.1  Screening Design for Method Described in Section (ﬁ\

In this work, Plakett-Borman design (P-B design) was applied to% the most
significant factors that affect the separation and cleanup stages to iw efficiency
and the recovery of the target pesticides as described in Sectionf3.2.1. As some
pesticides are relatively strong acids and more stable at pH E:& , itis important
to maintain pH control in the solvent extraction. Moreo ighl chides, are

2

soluble in aqueous solutions and less soluble in w

4
miscible anic Selvents,
fic o
ri&dﬁr d so@g in most

ace‘one. There@;,rthe solvent
extraction was examined to improve twaries. The Mai eff@f each factor was

investigated in 13 runs (12+ 1 cent int), an \meve t@'eexamined pesticides

\
from every experiment was d. Tﬂe resul are‘ég?own in Table 4.4. The
experiment with the best r m arr erjRSD gselected for analysis of real
samples. %z bj ( Q

whereas others as carbendazim, dimethoate an

organic solvents (i.e., methanol, acetonit

'3
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0]

Table 4.4: Optimization of Extraction Clean-up Conditi

Acetic

CH3;CN

MgSO4

NaOAc

AN
C18 Chlorpyrifos (Qy‘bendazim Dimethoate Mean

BXpNO. idos  mL HOML mg  COAMI g R% ~\ ° R% R % RO O
1 0.75 15 5 4000 1000 50 50 96 MY 8404 8861 6.45
2 1.25 15 5 6000 1000 20 20 8 T 35 27.86 4961 3170
3 1.25 15 10 4000 3000 50 20 41.96 3159 4885 21.54
4 1 125 75 5000 2000 3% 35 I 99.4 99.4 1206  36.72
5 1.25 15 5 6000 3000 20 50 42. . 84 9114 1059 32.08
6 0.75 15 10 6000 1000 50 50 10 | _@%2.4 1042 1025 158
7 1.25 10 10 6000 1000 50 %_ ¥ ¥ 4315 58.6 77.94  47.45
8 0.75 10 5 4000 1000 20 , 2 é\‘r 35.7 4262 6210 39.89
9 0.75 10 10 6000 3000 20 (;6 1 b % 128 1260 1207 11.02
10 0.75 10 5 6000 3000 50\ 2 1%9 65.5 50.19 7323 27.72
11 0.75 15 10 4000 3000 $} nbﬂ 82:8 25.3 3566  47.92 3066
12 1.25 10 5 4000 3000 503 ¢ 48208 91.7 101.8 1338 64.41
13 1.25 10 10 4000 1000 ‘)ol%? _§ 92 129.7 1144 1120 1896

NN
QO'&
K &

C—)



From Table, experiment number 6 showed the best recoveries values for the
examined pesticides as follow; dimethoate 104.2 %, carbendazim 102.4
chlorpyrifos 101 % with lower RSD (1.58) so, it was chosen as the extractl thod
for determination of dimethoate, carbendazim and chlorpyrifos in theﬁéwate fruits
samples. For extraction step, 5.0 mL of 0.75 % (v/v) acetic acid i&:?tonitrile was
added to 5 g of dates sample hydrated with 10mL water and hWnized in 50 mL
centrifuge tube. The tubes were shaken for 1 min. Next, an Y:agresium sulphate
MgSO:4 (6.0 g) and sodium acetate CH;COONa (1.0 g) added .:%d\vdexed for 2

X

min. Then samples were immediately centrifuged for'®min at 4500 r ' .S

For clean-up: 1- 2 mL of the supernatan t i% 15 %‘@entrifuge
tube. For each 1 mL of extract, mixture o&fﬁSA 0 mg ,@ggnd 150 mg
anhydrous MgSQO4 were added. The walas vorte

min at 4500 rpm. Finally, 0.5 to 1.0 f the su %

S
syringe filter and transferred to ials %r analysis. T

4.3.2 Comparison%gficie

and Origi Unbuffi

The modi':% tate
#

Nno.6 was co edwith the ori

nd <<centrifuged for 5

met)—éﬁescribed in Table 4.4 experimental run

!
'nJ u@?ered method regarding the recoveries of the

NN
three er/ pestigides. resu&n Table 4.5 indicated that the modifies acetate

buﬁ@uEChERS IS supe@fc the original unbuffered method because of pH

a%\hent (5.25) which improved the distribution coefficients of the extract contents
& een water and organic layer according to their polarity. Acidic pesticides at low pH
nd to separate in the organic phase, while basic extractives ionize at this pH and tend

to separate in the water phase. This action decreases the matrix effect and improves the
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recoveries of pesticides. In the original unbuffered method (pH 8), acidic extractives
would have a lower polarity and would separate in the organic phase rather tw

water phase, increasing the matrix effect.

Table 4.5: Comparison of Pesticide Recoveries from Samples Extract w Original
Unbuffered QUEChERS and Modified Acetate Buffered T‘!ERS

Pesticide % Recovery (original % Recove d acetate

unbuffered QUEChERS) buffe ChERS)
Dimethoate 38 %
Carbendazim 137 %
Chlorpyrifos 79.8 %

O
q
4.4 Quantification of Pesticides in Real Sa h d‘huffered

QUEChERS Y'
The developed high- performancecmg chro

detector (HPLC-DAD) method desm in Se\cti(’)j 3

simultaneous determination of di he a% an orpyrlfos in date fruit
samples extracted by modiﬂe@wd Q’UES;IJS ex on clean up methodology
described in Table 3.3. HPL?!D chromategram te fruits sample and pesticide
standards is shown in %4 6. The J%ﬁves were built up from standard

O

solution of the m| he thlee pe |C|desn&lh concentration ranged from 0.5 —10.0

&
pg/mL as shown |gu e 4 ?t l’at&e%é(l appendix1 were used for quantification

of the exa stmb) t of icide residue analysis in 20 date fruit samples
is showniL.T; ' <

dlode array

33@5 was used for

4
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Table 4.6: Result of Pesticide Residue AW OW Fruitk ples
EU MRL (0.01 mg/kg) .1 mg/kQ) BimW@)
Date’s species Dimethoate arbendazi ,-\(’CChlorpyrifos
Ajwa 0.01594 + 0.00014\'0.0 852+ ~  ND
Deglet Nour 0.01956 + 0.0@5 0.02§§§_ 0 1/<\ ND
Farad ND ? $0.2027 . 0.001@} 0.1935 + 0.0021
Khalas-lhsa 18201+ 0 Q& 1.5431+ 0.0112
Khasouei . : v\@ 0.1635 0.0149
Khudri : 0.9726 + 0.0636
Lamry 0.5129 +0 .0035
Lulu ND
Mabroom 0.6480 + 0.0297
Mariami 2 (J ND
Mashro%\ 0.05307 90&2 C-j 0.31000 + 0.0403 ND
Medj \(_/ 0.10545 +0 .01930 0.2061 £ 0.0038
Nomad%@a) P 01889 £ 0.0@7 0.18930 +0 .01655 ND
P S 1644 + O?QUlB 0.32070 + 0.0449 0.3090 £ 0.03394
Abi N&)\’ 0.20840 + 0. 01421 ND
Voshdi 0.01835 + 0.0002 0.11160 + 0.01655 0.5895 + 0.0064
afawi-1 0.01636 + 0.0700 0.13760 £ 0.01548 0.1770 + 0.0042
Safawi-2 0.01059 £ 0.0012 0.07820 +£ 0.0134 ND
Zahdi-1 0.01616 £ 0.0012 0.014850+ 0.0023 0.0324 £ 0.0009
Zahdi-2 0.01469 + 0.0005 0.2109 0+ 0.0462 0.0522 £ 0.0212
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Table 4.6 shows the pesticides residue concentrations of dimethoate, carbendazim

and chlorpyrifos in the examined imported dates fruits collected from Selango .

o

However, dimethoate was detected in 13 samples (65 %). The concentr@}nge

[

from 0.053 mg/kg to 0.0106 mg/kg. Dimethoate residue exceeding EU*= Ls (0.0
mg/kg) in most samples namely, Ajwa, Deglet Nour, Lulu, Mariami, di-1, Zahdi-2,
Palm dates, Nomades (Promel), Safawi-1, Khasouei, Roshdi dMook. Mashrook
was exceeding dimethoate MRIs of Gulf technical commit ay(;O'S mg/kg). While
carbendazim was detected in all examined samples (20) concentrati n‘ged from
0.0148 to 0.321 mg/kg. 14 samples (70 %) exceede -MRL} (0. gkg&n};‘;ely,
Zahdi-2, Mabroom, Khudri, Lamry, Palm- omade meL),\j@afawi-l,

<

Khasouei, Khalas- Ihsa, Farad, Mashrook and Rabt, Roshdi Medjoolr Chlorpyrifos

was detected in 12 sample (60 %) conantration ng @?0.0324 to 1.543
mg/kg, all of them are exceeding WL (0. ), q:@h/ Zahdi-1, Medjool,
N

Zahdi-2, Mabroom, Khudri, l%’alm'ﬂates fawié? Khasouei, Khalas-lhsa,
&
"they are

Farad and Roshdi. Except %ﬂ}samr @xceeding chlorpyrifos MRIs
of Gulf technical comr% sector standards’ o#@d and agriculture products (0.05

mg/kg). Khalas-lh AQm K 4 d théé?ﬁest concentration of chlorpyrifos

among the exan@nple

etal., (2010 \&)port t;at,

residue@
caly

ndi a potentially hazard@ﬁend in date palm agriculture. Furthermore, the study
cE\og ut by Abdallah et al., (2018) on 200 date sample (Var. Sukkari) from Al-
i

m, KSA reported, pesticide residues in 18 % of the examined samples,7.5 % of

er, tr@ﬁéults agree with that reported by El-saeid

oo
inétfeebt , chlorpyrifos, Lindan, and several acaricide

NN
fruit .Sa s werg above the maximum residue levels (MRLS),

em exceeded the MRLs. HHI of carbendazim in this study that ranged from 8.4 x

107*to 1.8 x 10t is higher than that reported by Abdallah et al., 2018 (2.6 x 107).
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The presence of residue levels that are significantly higher than the present

standards is attributable to soil contamination or drift applications from surrc?ﬂg

o

fields as well as diversion from Good Agriculture Practice (GAP) such @!re t
observe pre-harvest intervals or failure to apply the recomm rate and
concentration in accordance with GAP (Abdallah et al., 2018). Y‘

The obtained data of this study point to the need to implement®¥€commendations
regarding the use of the sanctioned pesticides. This could Yn.pliihed through the
education and licensing of farmers and pesticide applica with pw‘emphasis
on the licensing of high-risk pesticide application opetatiens (Abdall t}l.ﬁ&B).

The pesticide chlorpyrifos was found to ost fre'q det@a in both

umarj@gzohn (2019)

ma@‘n region. There is

market and farm samples, according to a stﬁw

on the main fruits and vegetables proo&%ah

a possibility that it has a larger conc |on beca e ts [sistence in food matrices

N,
and accumulation (Angioni et a% 0 Q(?
S«»
N
~3

45 Pesticide’s Heal sseserent l

4 o'%

ted gng the method reported by Kumari, &

Health rlsk a ment W"i

John, (2019) an% edi ' .5 on the mean concentration of pesticide
residues in | uvia date il&a pI , a health hazard index was calculated. The

predict h alth haz n (HH ssomated with the examined pesticides residue

in tlg&ate fruit samples ar@e‘sented in Table 4.7. Although the concentrations of

eEXd pesticides in most of the samples are exceeding European Commission
m

G um residue limits (EU-MRLSs) of examined pesticides, there was no health risk
ssociated with any of the studied pesticides as no samples exceeded the acceptable

HHI limit (<1) for adults or children. Mashrook sample from KSA exerted the highest
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HHI values of dimethoate (0.04 and 0.09) for adults and children, respectively. While
the lowest HHI of dimethoate was found in Safawi-2 from KSA (0.009 and O.Tr
adults and children, respectively. The highest HHI values of carbendazim @alam
dates sample (0.018 and 0.036) for adults and children, respectively, me lowest
HHI value of carbendazim was found in Safawi sample from KSA whiCh ranged from
0.0008 to 0.0017 for adults and children, respectively. Chlorp imwed the highest
HHI values among the three examined pesticides, (0.257 m in Khalas-Ihsa

from KSA and (0.0087 and 0.0174) in Zohdi-1from for adw children,
@

respectively. Therefore, it can be assumed that child

Yw
e MOre sus ti’blg{e}ealth
er, acCordingto t@dings of

Itivass of da,@‘\?t.l:ts and their

seeds purchased from the KSA Riy. mgaets regarding the <<I'dues of lindane,
dieldrin, dimethoate, chlorpyrifos,%ome acariCi %w

N
maximum residue limits (MR i t@mlly r@cardous trend in date palm

risk due to pesticide consumption through foo

the study conducted by El-seaid et al. (2010),0n
r '}'ound higher than the

cultivation.

cde critial i (::tha't@ about the current contamination

éWeII as the actions that must be taken

The present findi

status of date fruits Q{e Ma

to prevent the overuseef pe ' the Eb&iﬁction of date fruits.
( ¢ ? (,)

b
4.6 c%kn F g f

AC- DAD analysis r@ﬂ was developed for simultaneous determination of

te, carbendazim and chlorpyrifos residues in date fruits using column Agilent

6 ax XDB C18 5um 4.6 x 250 5-um. Mobile phase: 95 % MeOH + 5 mM ammonium
0

3
7
2

rmate and 5 % H.O + 5 mM ammonium formate. Injection volume 20 pL and flow

rate 0.2 mL/min. The HPLC method validation was done via the following parameters
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intra-day and inter-day (precision), recovery (accuracy), sensitivity (LOD and LOQ)
and linearity. The obtained results indicated the effectiveness of the developed w
for analysis and quantification of the examined pesticides in date fruits. E@] and
cleanup of date fruit samples was carried out using a modified && buffered
QUEChERS method which was found to be more superior when compared with the
original unbuffered QUEChERS regarding the obtained pestici eWries (Table 4.5).
The importance of the clean-up step was confirmed via dY:fffct study which
showed significant reduction in matrix effect measure ore a dWanup step

"X
(Figure 4.6). The targeted pesticides were simultane determined in po _@ fruit
Y-

samples collected from Malaysian stores. \0' N
The peak of dimethoate were observegiat r ntiox\tim 2.79 r@'g;d identified
by comparison with the peak of the auw mple (standard) appears at 12.77

min (Fig 4.6). The dimethoate calibﬁ'@ h__u i w(F g@ was Y = 37.972X —
N
3.436. The correlation coeffic% ibration VZQ .9994. The method was

validated by determining ,ﬁi OVI
linearity of the detecto% e was i

The limit of detect wd the|l i ion were found 0.0065 pg/mL and
0.0197 pg/mL (%%ng/ 'tivel ~Accuracy of the method was confirmed by
¢
arecovery e %nt( ble 4: .éorﬁéz;%d to the theoretical mounts (spiked) of 0.05,
% NN
0.10 an% g/kg; the ined-&overy rates were 101.2 % (RSD 10.4 %), 98 %
X | | o
RSP.5.4,%) and 102 % (RSD@S’ %) respectively. Intra and inter-day variation of the

a%\as determined and the resulting RSD ranging from 1.68 to 2.28 % confirmed
heYor

ecision of the method (Table 4.3). Dimethoate was detected in 13 sample (65%).

~—

he guantity was ranged between 0.01059 - 0.053 mg/kg of fresh weight (Table 4.6).

dimethoate residues in 13 (65 %) sample were exceeding EU- MRLSs.
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The peak of carbendazim was at retention time 13.596 min and it was identified
by comparison with the peak of the authentic sample (standard) which appears
min (Figure 4.6). The calibration curve equation (Figure 4.7) was Y = 181. @009
The correlation coefficient of linear calibration was 0.9963. The methtﬂkvalldated
by determining the following analytical and statistical parameters; manty of the
detector response was confirmed between 0.02 - 10 pug/mL. The of detection and
the limit of quantification (LOQ) were found 0.0073 pg/ lXTOZ'Z pg/mL (0.066
mg/kg), respectively. Accuracy of the method was confi by xperlment

0.05,0.10 and d. 1i®g/kg,
107 % (RSD/3.91%)and 100.3
N

(Table 4.2). Compared to the theoretical mounts (spik:
the obtained recovery rates were 101.6 % (RS
% (RSD 1.39 %) respectively. Intra and int e ass s determined
and the resulting RSD ranging from 1.
(Table 4.3). Carbendazim was dete all exa te r +samp|es. The quantity

was ranged between 0. 01485 - g/kgf'of fr zwel able 4.4). Carbendazim
A
~

hmés 53 min and it was identified by

exceeded EU-MRL in 14 s Ie 70 ‘I
tent

The peak of ChIM as at
4

’ &
comparison WlthKak of m ic sﬁ.le (standard) which appears at 23.51
min (Fig 4.6). The calibrati quat@('filgure 4.7)ywasY =11.044X + 4. 4402.

The correlati ffICI t of liheat cz{B tion was 0.983. The method was validated
by de the fallowi analy@l and statistical parameters; the linearity of the
dete sponse was conflrn@étween 0.02 - 10 pg/mL. The limit of detection and
t of quantification were found 0.0058 pug/mL and 0.0177 pg/mL (0.053 mg/kg),

G ctively. Accuracy of the method was confirmed by a recovery experiment (Table
2

). Compared to the theoretical amounts (spiked) of 0.05, 0.10 and 0.150 mg/kg, the

obtained recovery rates of chlorpyrifos were 97.8 % (RSD 4.5%), 99.5 % (RSD 1.2 %)
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and 103 % (RSD 2.07 %) respectively. Intra and inter-day variation of the assay was
determined and the resulting RSD ranging from 1.5 to 2.57 % confirmed the pw
of the method (Table 4.3). Chlorpyrifos was detected in 12 sample (60 %). &%&ntity
was ranged between 0.0324 - 1.543 mg/kg of fresh weight (Table 4.6)@hlorpyrifos
residues were exceeding EU-MRL in 12 sample. Y.

The mean concentration of pesticide residues in each i Mate fruit sample
was used to calculate the level of health risk associated ”k-fn'it consumption.
Predicted health hazard indexes (HHIs) for the evaluatédypestici eWin the 20

@
.y
associated With @f the
ed to Be an (1$for either

ideu\esi fou@h‘; most of the

date fruit samples suggested that there was no healt

studied pesticides, since all HHI values were

adults or children (Table 4.7). However, W

investigated samples was exceedinngD-MRLS h0|@ is obvious that

continual monitoring of pesticide Gasues in i %i @Wuits IS necessary to
minimize the pesticide daily in%ls fr&n food and d
N RN
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Table 4.7: Risk Assessment of the Pesticides in each 20 Date Fruits Sample Built Up on Consu@ Rate of (100g) A Day and Average Body
Weight 60 kg for Adults and 30 kg for Children

Y1t

60Kg and 30kg BW for EDI/ADI Carbendazim 60Kg and 30kg BW for EDI/ADI
Dimethoate  100g/day consumption rate  (ADI=0.002) mg/kg Mday consumption rate (ADI=0.03)

Dates mg/kg ] HHI HHI . HHI HHI
EDI adult EDI child adult  child GBI ladult EDI child adult child
Ajwa 0.01594 2.66E-05 5.31E-05 0.013 0.026 0.05685< T 9.48E- 19E-04 0.0032 0.0063
Deglet Nour 0.01956 3.26E-05 6.52E-05 0.016 0.033 . 9.5 E-05 0.0016 0.0031
Frad ND ND ND ND ND 6.76 E-04 0.011 0.023

Khalas-lhsa ND ND ND ND ND 6.07 E-04 0.01 0.02
Khasouei 0.02009 3.35E-05 6.70E-05 0.017 0.033 5.12 E-04 0.008 0.017

Khudri ND ND ND ND ND 9.29 E-04 0.015 0.03
Lamry ND ND ND ND ND \ / 1.03E+03 0.017 0.034
Lulu 0.01323 2.21E-05 4.41E-05 0.011 0.0 . 9.1 E-05 0.0015 0.003
Mabroom ND ND ND ND 2&) 6.91E-05 0012 0023
Mariami 0.01603 2.67E-05 5.34E-05 0.013 7 &5 2.64E-04 0.0044 0.0087
Mashrook 0.05307 8.85E-05 1.77E-05 0.04 .09 31 $ 5.17E-04 1.03E-03 0.017 0.0344
Medjool ND ND ND ND I 10@ 1.757 E-04 3.52E-04 0.0058 0.012
'(\'F?r”gr":]‘lﬁ)s 0.01889  3.15E-05 6.30E-05 I% 0. 3.155 E-04 6.31 E-04 0.01 0.021
Palm dates 0.01644 2.74E-05 } 5.345 E-04 1.07E-03 0.018 0.036
Rabi ND ND ()) 3.47E-05 6.95 E-04 0.012 0.0232
Roshdi 0.01835 3.06E-05 . $ . 03 ¢, 1.86 E-04 3.72 E-04 0.0062 0.0124
Safawi-1 0.01636 2.73E-05 . % (}&9 4 Zé\ . 2.292 E-04 4.59 E-04 0.0076 0.015
Safawi-2 0.01059 2.00E-05 0. 0.009 “0.018 0.07815 1.30E-05 2.61 E-04 0.0043 0.0086
Zahdi -1 0.01616 2.69E-05 AOS 0.013 @27 0.01485 2.475 E-05 4.95E-05 0.00083 0.0017
Zahdi. -2 0.01469 2.45E-05 \OE-OS 0.012 0.024 0.2109 3.515 E-04 7.03E-04 0.012 0.0234
Average 0.0125 2.08E-05 ‘%57505 0.01 0.02 0.1736 0.00027 0.00054 0.00892 0.0178




N
Table 4.7, continued _{‘)

qT1

Dates Chlcr);pyrifos 60 Kg and 30kg BW for 100g/day coniu;g%n rate ( ,EDD Ili'%%ll)
gy EDI Adult HHI adult HHI child
Ajwa ND ND ND ND
Deglet Nour ND ND ND ND
Frad 0.1935 3.225 E-04 0.03225 0.0645
Khalas-lhsa 1.543 2.6 E-03 0.257175 0.51435
Khasouei 0.1635 2.73 E-04 0.02725 0.0545
Khudri 0.9726 1.621 E-03 0.1621 0.3242
Lamry 0.51294 8.549 E-04 0.08549 0.17098
Lulu ND ND ND
Mabroom 0.648 0.108 0.216
Mariami ND ND ND
Mashrook ND ND ND
Medjool 0.2061 0.03435 0.0687
Nomades (Promel) 0 ND ND
Palm dates 0.309 0.0515 0.103
Rabi ND ND ND
Roshdi 0.5895 0.09825 0.1965
Safawi-1 0.177 0.0295 0.059
Safawi-2 ND ND ND
Zahdi -1 0.0324 1.08E-04 0.0054 0.0108
Zahdi -2 0.0522 1.74 E-04 0.0087 0.0174
Average concentration 0.23 0.0009 0.045 0.09

Note: EDI (estimated daily intake@%acceptable daily intake), HHI (health hazard index), ND (not detected).





