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QuEChERS technique has been d’cygloped for the determination of
pesticide residues in mangosteen usin‘% liquid’a;romatography — tandem mass

spectrometry (LC-MSMS).for —analysis. OuEChERS parameters affecting
efficiency such as extric?{mﬂ;fem buffering agent and dispersive sorbent were
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CHAPTER |

INTRODUCTION

1.1. Problem Definition

Thailand is the world major producer and exporter of mangosteen that earned
1,879 million baths from the trade in 2009: [1] Due to the current health awareness,
consumers ever more want their foods f0°be wholesome, nutritious, and most
importantly, safe. The realities are we}l reptesented in the recent reinforcement of
food safety standards in the-European and Japanese markets; especially the European
Union (EU). Since September: 1, 2008 the European Union has implemented
regulation EC 396/2005*which.27 mernl_ber statcs are mandated to have one unified
limit for any pesticide residues that their"_di/[RLs (Maximum residue Limit) were not
listed as default MRLs at 001 mg/Kg.':,[2] The pesticide residues in mangosteen
including pulp and peel arg required to pfqu__ that the product is safe conforming to
Good Agricultural Practice (GAP). Howef\_/;gg, the trace analysis of pesticide residues
in a whole mangosteen is quite complicated*_dﬁé to its intensive colored and plenty of
high molecular weight components in the.&_ligk peel such as polyphenols and wax,
causing serious interferences in pesticide residues analysis, For traditional medicine,
the dark purple pericarp (peel, rind, hull or ripe), 6-10 mm in thickness, was used as
an antibacterial agent. for curing diarrhea as well as treating skin wounds and
disorders. Additionally,“as®a current research of antioxidants, mangosteen can be

processed into many:types of healthy food products such as jam and beverages.

Whole fruit, 6f exported  mangostéen | in¢luding: pulp “and- peels must be
analyzed'by homogenization and extraction of wide range of pesticide residues from
mangosteen using multi residues method (MRM) and then analyzed by
chromatographic technique such as gas chromatography (GC) or high performance
liquid chromatography (HPLC). Therefore, additional sample preparation technique
with powerful clean up procedure is strongly required to purify the extracts.

Purification consists of removing the analyte from interferences matrix and then
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concentrate the analyte in a small volume of solvent before further analysis with

instrument to obtain the reliable analytical result.

The conventional MRM for wide range of pesticide residues, the sample
preparation techniques, liquid-liquid extraction (LLE) and solid—phase extraction
(SPE) are still used for clean up steps to remove interferences from matrices.
However, LLE is considered as time consuming, multi-stage operation, requires large
volume of toxic organic solvent and requires extra evaporation step for pre-
concentration of analyte. Another techniquey SPE replaces LLE and provides a
method that is simpler and requires small volume of organic solvent, but very high
cost of SPEs and still as time consuminé and difficult for routine analysis at low level
residues in mangosteen. Thetefore, a simple, quick, low-cost, sensitive and selective

method should be developed for pesticide residues determination in mangosteens.

1.2 Regulation for Pesticide Residues inf’Mangosteen

1.2.1 The European Regulation Z,

e My

The European parliament and the ccﬁ_nc:il established Annex I listing the food
and feed products to ‘which maximum levels for pesticidesresidues apply to regulation

(EC) No0.396/,2005. Préducts of plant to which the MRLSs épply were shown in table

1.1 and selected representative matrices vegetables and fruits for validation were

shown in table 1.2



Table 1.1 Product of plant to which the MRLs apply [3]

Groups to which
the MRLs apply

Examples of
individual
products within
the groups to
which the MRLs

apply

Examples of

other products
included in the
definition to
which the MRLs
applies

related varieties or

Parts of the
products to which
the MRLs apply

1. Fruits fresh or frozen; Nuts

(1) Citrus fruit - Grapefruit -Shaddocks, Whole product
pomelos, tangelo
J- and other hybrids
- Orange - | -Bergamot, bitter
y T orange, chinotto
i and other hybrids
- Lemons ’ ;;-_(E;itron, lemon
- Limes ;- : -_— Jﬂ A
- Mande{r-ir_ls; ﬁi;mentine,
\ - ‘tér:ge_rine andfother
\ hybrids X
(i1) Tree nuts Almonds, cashew Whole product
(shelled or nuts, chestnuts, after removal of
unshelled) coconuts, shell (except
fhacadamia, chestnut)
walnuts
(ii1) Pome fruit -Apple -Crab apple Whole product
-Pears -Oriental pear after removal of

stems




Table 1.1 Product of plant to which the MRLs apply [3] (continued)

Groups to which
the MRLs apply

Examples of
individual
products within
the groups to
which the MRLs

apply

Examples of
related varieties
or other products
included in the
definition to
which the MRLs
applies

Parts of the
products to which
the MRLs apply

1. Fruits fresh or frozen; Nuts

(iv) Stone fruit -Apricots Whole product
-Cherfics -Swect cherries, after removal of
sour cherries stems
-Pcaches - ["“Nectarines and
| similar hybrids
-Rlums fa_ -Damson,
-::gfé-:engage
(v) Berries and T Whole product
small fruit i after removal of
(a) Table and | “Wine grapes caps/crowns and
wine grapes stems except in the
(b)Strawberries case of currants:
(c) Cane fruit -Blackberries fruits with stems
-Dewberries -Loganberries,
boysenberries and
cloudberries
(d) Other small -Raspberries
fruit and berries | -Blueberries

-Rose hips




Table 1.1 Product of plant to which the MRLs apply [3] (continued)

Groups to which
the MRLs apply

Examples of
individual
products within
the groups to
which the MRLs

apply

(vi) Miscellaneous
fruit
(a) Edible peel

(b) Inedible peel, |-

small

(c) Inedible

peel, large

=

j,

! \ f
1. Fruits fresh or frozen; u

Examples of
related varieties
or other products
included in the
definition to
which the MRLs

nplies

Parts of the
products to which
the MRLs apply

Whole product
after removal of

stems or the crown

(pine-apples)

AN TUNN NN Y




Table 1.1 Product of plant to which the MRLs apply [3] (continued)

Groups to which
the MRLs apply

Examples of
individual
products within
the groups to
which the MRLs

apply

Examples of
related varieties or
other products
included in the
definition to

which the MRLs
applies

Parts of the
products to which
the MRLs apply

2. Vegetables fresh or frozen

(1) Root and tuber

potato, Sweet

Whole product after

vegetable potaie’ carrots, removal of tops and
radishess beetroot ! adhering soil by
rinsing or brushing
(i1) Bulb vegetables |‘Garlic, gnions, Whole product after
shallots, spring removal of easily
onigns £ | f detachable skin and
= Tl soil (when dry) or
T roots and soil (when
p fresh)
(iii) Fruiting Tomato, pepper, Whole product after
vegetables aubergines, okra, removal of stems (in

cucumber, sweet

case of sweet corn

corn, pumpkins, without husks)
melons
(iv) Brassica Broecoly, kale, Whole plant after

vegetables Cauliflower, removal of roots and
Chinese cabbage decayed leaves

(v) Leaf vegetables | Lettuce, spinach, Whole product after

and fresh herbs | celery leaves, removal of roots and

parsley, basil

decayed outer leaves

and soil ( if any)




Table 1.1 Product of plant to which the MRLs apply [3] (continued)

Groups to which
the MRLs apply

Examples of
individual
products within
the groups to
which the MRLs

apply

Examples of
related varieties
or other products
included in the
definition to
which the MRLs
applies

Parts of the
products to which
the MRLs apply

2. Vegetables fresh or frozen

(vi) Legume -Beans (with pod54) yaid long bean Whole product
vegetables -Beans (without -cowpea
(fresh) pods) )

(vii) Stem Asparagus, leek, — Whole product
vegetables bamboa/shoots d y after removal of
(fresh) / decayed tissue, soil

{) and roots

(viii) Fungi Cultivate_f_i_' h_” .J'_é_‘éypmon Whole product

~mushroom, oyster

mushroom

after removal of
soil or growing

medium

(ix) Sea weeds

Whole product
after removal of

decayed leaves
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Table 1.2 Annex 1 selection of representative matrices vegetables and fruits for

validation. [4]

Commodity groups

Commodity categories

Typical representative

commodities included in

High water content

the category
Pome fruit Apples, pears
Stone fruit Apricots, cherries,
peaches
Bulb vegetables Bulb onion
Fruiting H Tomatoes, peppers,
vegetableS/?ucurbits cucumber, melon

Brassi¢a vegetables

i

— =

Cauliflower, Brussels

sprout, cabbage, broccoli

Leafy"vegeteijt)le's and fresh
herbs . :

L 4
o

Lettuce, spinach, basil

Stem and stalk vegetables

Leek, celery, asparagus

Faragér fodder crops

s

Fresh alfalfa, fodder

vetch, fresh sugar beets

Fresh legume vegetables

Fresh peas with pods,

I petit pois, mange tout,

broad bean, runner bean,

dwarf French bean

Fresh'of root and tuber Sugar beet and fodder

vegetables beet taps

Fresh Fungi Champignons,
chanterelles

Root and tuber vegetables Sugar beet and fodder

or feed

beet roots, carrot, potato,

sweet potato
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Table 1.2 Annex 1 selection of representative matrices vegetables and fruits for

validation. [4] (continued)

Commaodity groups Commodity categories Typical representative
commodities included in

the category

High acid content and high | Citrus fruit Lemons, mandarins,
water content tangerines, oranges
Small fruit andéberries Strawberry, blueberry,
raspberry, grapes
Other Kiwi fruit, pineapple,
rhubarb
High sugar and low water | Dried fruit Raisins, dried apricots,
content A dried plums, fruit jams
“Difficult or unique “ . Hops, Coffee, Tea, Spices

commodities”*

* Fully validated il

From the above data, mangosteen ha-s been classified as miscellaneous fruit.
Whole mangosteen aiter removal of stems is needed in which the MRLs apply. For
validation data, mangosteen has not been classified in commodity categories and
representative commoditiess It is a uniquecommodity so whole mangosteen needed

for fully validation.
1.2.2 {Mangosteén

Mangosteen (Garcinia mangostana L.), a tropical fruit originating in
Southeast Asia, is also known as “the queen of fruits”. The mangosteen as a fresh fruit
is in great demand in its native range and is savored by all who find its subtle flavors a
refreshing balance of sweet and sour. It should be pointed out that Asians consider
many foods to be either 'cooling' such as mangosteen or 'heating' such as durian

depending on whether they possess elements that reflect yin and yang.[5] This duality




10

is commonly used to help describe balance in many aspects of life. Xanthone is one of
the most powerful antioxidant to be found in nature. Xanthones are found in the most
quantities in mangosteen hull (or pericarp) and can help to stay healthy. Xanthones,
the chemically beneficial molecules, are having specific leading properties. These
health promoting Xanthones help the body in many ways such as stop pain, reduces
swelling and inflammation, and help in the body's healing process. Several literatures
reveal about the pharmacology activities as well as nutrient supplements. To illustrate

the mangosteen rich in nutrients is shown in table 1.3

Table 1.3 Nutrition in 100 g of mangosteen pecled [6]

Component Quantity Unit
Water 30.9 gram
Calories 76 N Calories
Protein 05 4 gram

Fat 0.1 _ gram
Carbohydrate 18.4 7 - gram
Fibers L7 == 7 gram
Calcium 9 ; gram
Phosphorus 14 o’ gram
Iron 0.5 gram
Copper 0.11 gram
Zinc 0.1 gram
Vitamin B1 0.09 milligram
Vitamin B2 0.06 milligram
Niacin 01 milligratn
Vitamin C 2 milligram

Major components in pericap of mangosteen are resin , taste astringent
substances ( Tannins group) 7-14% and substances such as Xanthones, Mangostin,
Chrysanthemin, Gartanin and Kolanone. Chemical properties and structure were

shown in table 1.4 and figure 1.1, respectively.
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Table 1.4 Some chemical compositions and properties of mangosteen [7]

Compound Molecular ~ Formula  Flash Point (°C)  Boiling Point (°C)
Formula Weight

Xanthone Ci13H30, 196.20 169.8 350.0

Gartanin Ca3H2406 396.43 224.9 644.4

Mangostin Cy4H760¢ 410.55 220.3 640.1

Chrysanthemin C;;H»,ClO;; 484. -

Kolanone Ci33H4204 581.5

Xanthone

Figure 1.1 Chemical structure of mangosteen matrices

o]

Chrysanthemin
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1.2.3 Pesticide Residues

Pesticide is a substance or mixture of substances used to kill pests. A
pesticide may be a chemical substance, biological agent such as virus or bacteria. It is
used to prevent, destroy and repel pests. Several kinds of pests are destroyed such as

insects, mice and other animals including weeds, fungi and microorganisms.

In history, humans had utilized ,pesticides to protect their crops and first
known pesticide was elemental sulfur dusting wsed in Sumeria about 4500 year ago.
In 1939, Paul Muller discovered that DDT.and claimed to be a very effective

-

insecticide.

Currently, more than 1100 official pesticide names have been recorded by the
international organizationsfor/standardization (ISO) [8]. There are lists of pesticides
classified in term of application or uses su_fchdas;

— Algicides or/Algaecides for thél control of algae

—  Avicides for thé control of birdé !, r

— Bactericides for the c_:on&ol of b;c;eyw

— Miticides or Acaricides for the Q@E_O_I of mites

— Molluscicides for thé control of élﬁgs

- Nematicidéé for the control of nematodes

— Rodenticides for the control of rodents

— Vilucides forthéeontrol of viruses

— Fungicides for the control of fungi

— Herbicides for the control of weeds

=~ Insecticides,for the.control of insects, such as;

— Organophosphate
— Organochlorine

— Carbamate

— Pyrethroid

Insecticides are mostly used to control insects in food plants and become more

serious conditions in term of health certification for export. Currently Thai fruits and
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vegetables for export have been controlled by official authority for monitoring 34
pesticide residues comprising organophosphates (23), organochlorines (1),

pyrethroids (6), and carbamates (4) [9].
1.3 Literature Review

The multi-residue methods of pesticides are used most often for monitoring of
food, risk assessment studies, and routine pesticide residues analysis.
In 1963, U.S Food and Drug Administration (FDA) by chemist P.A.Mills [10] had
developed the first multiresidue method (MRM)«#The Mill method could analyze only
nonpolar pesticides in nonfatty foeds, especially, organochlorine insecticides (OCs),
which was the main focus fot analysis at that time. OCs were extracted from nonfatty
foods with acetonitrile, then diluted with water, and partitioned into petroleum ether.
The water was removed i a liquid-liquid extraction (LLE) step. Later, new methods
were developed to extend the analytical ﬁblarity range to cover more polar pesticides
such as organophosphate (OPs) and orgélnonitrogen mnsecticides (ONs) in a single

method. Sodium chloride (Na€l) was added':t(; '-increasing the polarity range.

In 1973 Luke et al. in U.S Food aﬁd bmg Administration (FDA) [11] had
developed the new MRM mrethod for analys1—s of OCsOPs and ONs . The Luke
method used acetong for the initial extraction and partitioﬁ with methylene chloride-
petroleum ether to remove water. In this LLE step sodium chloride was added to
saturate water phase, which _forced more acetone into organic layer, thus increased its
polarity and lead to higher recoveries of the polar analytes. In"1975 Steinwandter [12]
had combined ‘the extraction and partition steps into one step by saturating the
extraction fsolvents, withe“NaClcandq simultaneously, | deiving «@way | the water by
dichloromethane or hexane, dried with sodium sulfate (Na,SO,) and evaporated for
instrument analysis. The sample was extracted with acetone added NaCl and
dichloromethane, followed by blending at high speed. Water was removed from the
sample extract, and organic phase was measured for volume of acetone and
dichloromethane. This method was tested with different matrix samples e.g. fruits and
vegetables are extracted directly whereas cereals, tea, coffee, dried fruits are

presoaked with water before extract with solvent.



14
Luke method was replaced by Mills method in the FDA and became the

official U.S. FDA Pesticide Analysis Manual (PAM) method [13], and later became
AOAC Official Method 985.22 [14]. This MRM method is still widely used by

pesticide residue monitoring laboratories worldwide.

Due to the environmental and public health concern, many new methods have
been developed to reduce solvent usage especially, chlorinated solvents. Casanova
[15] used Solid Phase Extraction (SPE) for isolation and cleans up replaced LLE in
pesticide residues analysis method. Fernandez et al. [16] developed method
determination of carbamate insecticides in fitlitssand vegetables by matrix solid-phase

dispersion (MSPD) for cléan up technique.

In 2003, Anastassiadess and Lehotay et al. who worked for the U.S.
Department of Agriculture(Original version) [17] had developed a simple, rapid, and
inexpensive multiclass' MRM/that provided high quality results and minimized the
number of analytical steps as well as req;.l_ired less glassware. This new method has
been a sample preparation technique applied 0 pesticide multiresidue method, known
as QuEChERS (quick, easy, -effective, -_I,%il-gg__ed and safe) method. It has been
demonstrated to be a very effective samﬁlb ;:lean-up procedure for simultaneous
analysis of pesticides,in a variety of fruit ’aﬁa—\-/egetable matrices. This method was
applied for Lettuce and strawberry based on unbuffered i extraction/partitioning step.
The method had been collaboratively studied on a large number of
commodity/pesticide combinations. This yersion added citrate buffering agents to
induce liquid separation and stabilize acidiciand basic labile pésticides. It became the
European Committee for Standardization (CEN) standard method EN 15662:2007
[18] (EN vetsion)..Fheimethod scope fs [foritheianalysis of pesticideiresidues in foods
of plant; origin, such "as fruits (including dried fruits), vegetables, cereals and
processed products. In 2005, Lehotay et al. [19] had developed technique to improve
results of problematic pesticides by added 1 % acetic acid in extraction solvents and
acetate buffer in extraction/partitioning step. The method has been collaboratively
studied for fortified pesticides in grapes, lettuces, and oranges. [20] The method is
recognized by AOAC to become AOAC official method 2007.01 first action 2007
[21] (AOAC version).
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Generally, the QuEChERS procedure employs acetonitrile in initial

extraction and then partitions the extracts with additional salts, followed by clean-up
with dispersive SPE technique (d-SPE). The final extracts are injected to gas
chromatography and/or liquid chromatography coupled to mass spectrometry systems.
This method becomes an analysis tool to fulfill the versatility of QuEChERS

applications in case of rapid, simultaneous determination, sensitivity and selectivity.

The QuEChERS method has been well-known as challenging sample
preparation technique for multiresidue methodswith wide range of pesticide residues
in fruit and vegetable matrices. Based on otiginal version, there were applications on.
tomato/carrot/apple/cabbage [22], apple/strawberries/fomato/spinach (no clean up and
direct inject to UPLC-TOE=MS) (23], EN version having citrate buffering agents was
applied on grape/lemon/onion/tomato [24], lemon/ cucumber/orange/red grape [25],
Banana [26], AOAC version thaving acetate buffering agents was applied on
cucumber/peach/green’ pepper/plum/orange/lettuce - [19], peach/orange/pineapple/
apple/multifruit [27], fuait-based baby fO(;(_i [28], Leeks (sulphur compounds matrix)
[29]. Moreover, several studigs have been d-'glzv-.éloped to combine between unbuffering
original version with acidi¢ solvent as 1nA(J)AC version on cabbage/radish [30],
Korean herb [31], tomato/pear/orange (origﬁﬁél ;olvent and acetate buffer) [32].

In 2008, QuEChERS had been compared in term of matrix effect with other
sample preparation methods (i.e. Luke method (AOAC 985.22), and matrix solid-
phase dispersion (MSPD))_in different fruits and vegetables [33]. The observation
indicated bothQuEChERS and Luke method gave good and;satisfactory result but
QuEChERS could overcome Luke method by means of simplicity, high sample
throughput) time and. cost saving)as well as~high, recovery yield while MSPD was
influenced by matrix effect offering unacceptable Tow recoveries for some

compounds. Matrix effect and recovery were both dependent on the matrix.

QuEChERS method is developed to multiclass, multi residue method for
determination of pesticide residues in matrices containing high contents of water,
sugar and low fat such as fruits and vegetables. Furthermore, several studies have
been proved for the strong potential of QUEChERS in extraction and clean-up even

trace analysis in complex food matrices such as sugarcane juice [34], honeybees [35],
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milk [36-37], rice & grain [38], tobacco [39], for fat containing matrices such as
cereal [40], olive & olive oil [41], soybean oil [42] including very complicate
matrices as soil [43] and whole blood [44].

Multi residue method based on QuEChERS technique provides high
throughput results, hence chromatography instruments are required for analysis both
gas and liquid chromatography techniques. As the international trade and regulation
established maximum residue limits for pesticide residues in fruits and vegetables at
low level for food safety, hyphenated technique between chromatography with mass
spectrometry is used to provide good selectivityshigh sensitivity and confirmation. At
first, QUEChERS method sed GC-MS (Quadrupole) for analysis the 22 pesticide
residues. In 2005 Lehotayeet al’ {19] developed method for 229 pesticide residues
using gas and liquid chromatography equipped with mass spectrometric detector (GC-
MS ion trap with PTV.lagge volume injection and LC-MS/MS). GC and LC
Quadrupole tandem mass spectrometric Efetpctor were used to analyze 80 pesticides
by Paya and Anastassiades et. al. [25] F or the lowest 111 MRLs in fruit based baby
food the PTV-LP-GC-HR-TOF-MS. was -i}séd by Cajka and Lehotay et al [28].
Presently, UPLC-TOF-MS is used to enabfe;-fapid and comprehensive analysis of 212
pesticides in food plants within 24 min. [23] The method did not use d-SPE for clean
up but the extracts were centrlfuged at 11 000 RPM for 5 min. and supernatant was

filtered through 0.2 pfn filter.

In 2010, 3 versions_of QUEChERS were compared to answer the question on
which version s better for sample preparation| for analysis of pesticide residues in
fruits and vegetables. [45] For the 3 versions, 3 matrices were compared; original
unbuffered) fiethod ypublished: in"2003,] EN 15662:2007: used <citrate buffering and
AOAC 2007.01 used acetate buffering, both of which analysed by GC-MS and LC-
MS/MS. The QuUEChERS method is also flexible and rugged and matrix dependent.
Only a few pesticides needed buffering to improve the results for pH-dependent

pesticides.
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1.4 Purpose of the Study

Since September 1, 2008 the European Union has implemented regulation EC
396/2005 which 27 member states are mandated to have one unified limit for any
pesticide residues that their MRLs (Maximum Residue Limits) are not listed as
default MRLs at 0.01 mg/Kg. The pesticide residues in mangosteen including pulp
and peels are required to prove that the product is safe conforming to Good
Agricultural practice (GAP). However, the trace analysis of pesticide residues in a
whole mangosteen is quite complicated due (0 its intensive colored and plenty of high
molecular weight components such as polyphenols and wax in the peel. Therefore,

additional cleanup is demanded for obtaining the reliable analysis result.

As mentioned, the:QuEChERS method offers a great opportunity to determine
multiresidue of pesticide with' various physico-chemical properties in a wide variety
of samples. The methed can reduce matri}i interferences as well as its simplicity, high
sample throughput, time and cost saving ét-nd high recovery yield. It can be modified
to proper with analytes and/matrices. Th-'é analytical technique could develop by
varying organic solvent, buffer, salf; sorbel-l_;__- fyp_c. However, even though QUEChERS
has been modified and utilized in many typEéof fruits to reduce effect from matrices

but not for mangosteen.

In this study, the modified QuEChERS method was developed for
multiresidue determination_of pesticides .in exported mangosteen regarding EU
guideline by which the matrix' effect from: mangosteen composition in whole fruit
could be reduced using dispersive-SPE technique combined with liquid
chromategtaphystatidem #nass; spectrometry (LC-MS/MS): /The eritical QuUEChERS
parameters were optimized to increase the effectiveness of removal interferences from
mangosteen samples and pesticides residues were determined. The proposed method
offered efficient extraction and clean up process for the extremely complex matrices

with good selectivity and high sensitivity.
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THEORY

Pesticide residues analysis in food and environment has been determined by
various methods. Some laboratories still used methods developed long time ago when
solvent usage was not a problem as well as time consuming, labor and technology was
considered. When modern residue monitoring programs are expected to be initiated
the new, more rapid, and effective analytical. approaches are essential for laboratories
to improve overall analytieal quality and laboratory efficiency. The multi-residue
methods of pesticides are.meeded for monitoring-of food, risk assessment studies.
Multi residues methodsbased”on QuEChERS technique provided high throughput
results and required for@nalySis using g‘e_ls and liquid chromatography techniques. As
the international trade sand’ regulation ;‘éstablished maximum residue limits for
pesticide residues in fruit§ and Vegetable;s at low level for food safety, hyphenated
technique between chromatography with riigsg_ spectrometry is used to provided good

selectivity, high sensitivity the results and confirmation.

2.1 QUEChERS Technique [17, 21, 46, 47}

QuEChERS was-a-new-technique—for-muliiresidu¢ analysis of pesticides in
foods and agriculturat samples. Steven J. Lehotay, a chemist at the Microbial
Biophysics and Residue Chemistry Research Unit, Eastern Regional Research Center,
Wyndmoor, Penhsylvania,-and; a) visiting screntistyMichelangelo Anastassiades, from
a government laboratory in Stuttgart, Germany, had developed the new extraction
technique called QUEChERS method( pronounced "catchers") which stood for quick,
easy, cheap, effective, ruggedsand safexThe streamlined approach makes it easier and
less expensive for analytical chemists to examine fruits and vegetables for pesticide
residues. The technique used simple glassware, a minimal amount of organic solvent
and various salt/buffer additives to partition analytes into an organic phase for clean
up by dispersive solid-phase extraction (d-SPE). QUEChERS was developed between
2000 and 2002 and first reported in "QuEChERS Method Catches Pesticide Residues"
in the July 2003 issue of Agricultural Research magazine. It was published in Journal

of AOAC 2003 [17].The method has already been widely accepted by the
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international community of pesticide residues analysis, it was appeared as the AOAC

official method in 2007[21].

The method reduced many procedural steps thus, lessened the chance of
mistaking. A single, easy-to-clean Teflon tube is the only item to be washed and
reused, eliminating all the glassware used in conventional methods. Furthermore, less
than 10 mL of solvent waste is generated but much less than the 75-450 mL generated

by older methods.

The new key approach is the development of a rapid procedure, a dispersive
solid-phase extraction. This fechnique quickly removed water and non-target
compounds with magnesium sulfate and a primary-secondary amine sorbent. The

method was primarily designed for low-fat commodities.

QuEChERS was a sample prepareffion approach entailing solvent extraction of
high-moisture samples with acetonitrile,‘,:ethyl acetate, or acetone and partitioning
with magnesium sulphate@alone or in combihétion with other salts followed by clean
up using d-SPE. Since its inception, th_le__-r-e;_l-have been several modifications of
techniques depending on analytes; matricesﬁﬁ;tmmentation and analyst preferences.
The sample is first extracted With a water-nﬁi-s:_(_:—il;ie solvent (for example, acetonitrile)
in the presence of Thigh amounts of salts (for example, sodium chloride and
magnesium sulphate) and buffering agents (for cxample, citrate or acetate) to induce
liquid separation and stabilize acidic and basic labile pesticides. Upon shaking and
centrifugation,san aliquot of the organic phase is subjecteéd to:further clean up using
dispersive SPE“(adding small amounts of bulk SPE packing sorbents to the extract).
After sampléicleanup, the mixture is centrifuged and therésulting supernatant can be
analysed: directly or can be concentrated before solvent exchanging step depend on
type of instrument. QUEChERS has 5 core step processes for sample preparation and

additional 2 steps for quality control.
Step 1: Sample Comminution

The sample mass (10-15 g) used in the QUEChERS technique is reduced

compared with more traditional extraction approaches, it is important to ensure that
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the original sample, typically kilograms, is homogeneous. Thus, a powerful chopping
device is recommended to homogenize the sample to maximize surface area for better
extraction efficiencies. Such a homogenization procedure will ensure that the 10-15 g
subsample is representative of the original. Fruit and vegetable samples contain about
80-95% water, therefore, the following steps will emphasize phase separation
between this water and an organic solvent so that the pesticides of interest will be in

organic phase.
Step 2: Extraction—Partitioning

The other nonhalogenated solvents such as acetone and ethyl acetate may be
used in the extraction, aeetonifrile is the recommended solvent for QuEChERS
because after addition of.saltss it will séparate more easily from water than acetone.
Ethyl acetate has an adyantage' of‘partial miscibility with water but it co-extracts
lipids and waxes resulfing lower recoveries for acid-base pesticides and provides less
clean up in d-SPE. Acetonifrile extracts ;:_ontain less lipophilic materials, compared
with acetone. The use of acetonitrile allo{éls-.;better removal of residual water with
magnesium sulphate. It is compatible with_,:HP_JI__,C mobile phases, and is less volatile
than the other common organic sofvents, thufs; n-_.laking evaporative concentration steps

more time consuming;
Step 3: Addition of Salts

The purpose of salt addition is to induce phase separation. The salting-out
effect also influences analyte partition, which is dependent upon the solvent used for
extraction /The conicentration=of salt ©ould influence /the petreentage pf water in the
organic phase and could adjust its "polarity". In QuUEChERS, acetonitrile alone was
sufficient to perform good extraction efficiency. Anastassiades and colleagues
investigated the effect of various salt additions on recovery and other extraction
parameters. They studied the effect of polarity differences between the two
immiscible layers. The use of magnesium sulphate as a drying salt to reduce the water
phase helped to improve recoveries by promoting partitioning of the pesticides into
organic layer. The supplemental use of sodium chloride helps to control the polarity

of the extraction solvents and thus influences the degree of matrix clean up of the
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QuEChERS method but too much salt will reduce the organic layer's ability to

partition polar pesticides.

In some instances, the pH of the extraction must be controlled due to most
pesticides are more stable at lower pH. For certain problematic pesticides, such as
those that are strongly protonated at low pH, the extraction system must be buffered
in the range of pH 2-7 for successful extractions. Of course, the pH at which the
extraction is performed can also influence the coextraction of matrix compounds and

pesticide stability.
Step 4: Dispersive =Solid Phase Extraction (d- SPE)

In general, SPE clean up‘used plastic cartridges containing various amount of
sorbent material. In dispessivesSolid-phase extraction, an aliquot of sample extract (for
example, 1 mL) is added 6 a'vial'containing a small amount of SPE sorbent (50 mg
of primary secondary“amine, PSA) and ffle,mixture is shaken or mixed on a vortex
mixer to evenly distribute the SPE mateflial and facilitate the clean up process. The
sorbent is then separated by céntrifugat_iéhJ'-and an aliquot of the supernatant is
subjected to further analysis. The sorbent 1s r-cl_lj(__)sen to retain matrix components and
not the analytes of interest. In some instanc_e__s—}',f;i;her sorbents or mixed sorbents can be
used. For samples with highr fét, PSA miiéc_i_q\_)vith a CI8 sorbent is recommended
while for samples with moderate and high levels of chloréphyll and carotinoids (for
example, carrots, lettuce), PSA mixed with graphitized carbon black at various ratios
of sorbents is used. Altheugh the addition ef graphitized carbon black helps with the
partial removal of chlorophyll,’ there 'is an accompanying partial loss of certain

structurally planar analytes.
Step 5: Instrumental Analysis

The sample aliquot from Step 4 can be injected directly into a HPLC or GC
system without further work-up. For example, for LC-MS analysis, it might be
necessary to add formic acid to provide better MS sensitivity or for GC-MS analysis,
and if the instrument is not equipped with a programmable temperature vaporizer,

evaporation of the supernatant with reconstitution in toluene is needed.
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Additional Step 1: Internal Standard Addition

To minimize error generating in the multiple steps of the QUEChERS method,
an internal standard is often added to the process. For most of the development work,
the original authors used tri-phenylphosphate, which had the right properties to
undergo quantitative extraction for low fat matrices. A more complete study of
various internal standards was undertaken by Anastassiades, who recommended the
use of more than one internal standard as quality control measures to enable
recognition of errors as a result of mispipetting or discrimination during partitioning
or clean up. In most instances, the internal standard is employed at an early stage of
the analytical procedure.. However, incases of samples with high fat content, the
excessive fat can forman additienal layer into which analytes can partition. In the
presence of elevated fat ameunis (for example, >0.3 g of fat/10 mL of acetonitrile), it
was recommended te"cmploy” the internal standard at the end of the procedure

(assuming the volume of thg'organic phase is exactly 10 mL).

Additional Step 2: Addition of Aée_tig__ Acid and ""Analyte Protectants™

This optional step is'found to be mos{ useful for pesticides that are unstable at
intermediate pH values and for analytes the_lf fn{ght tail or breakdown on the capillary
GC column interior surfaces,rnbnvolatile corhgoﬁnds from previous injection, on the
inlet liner or on the.precolumn (guard column). In this inrstance, analyte protectants
are added to the extracts before GC. The protcctant compounds are chosen so that
they do not interfere with the separation of the pesticides of interest yet will cut down
on interactionsof these-pesticides with active groups in the GC flowsteam. Thorough
studies were devoted to selecting the appropriate analyte protectants, and a
combination of sathitél,“gulonoelactotie| and Cthylglycerol were fotind to cover the
entire range of pesticides. The hydroxyl groups of these protectants interacted with
active sites on the chromatographic column and in the flowstream and enhanced the
pesticide analyte response. The results demonstrated that errors in GC analysis caused

by matrix effects were also reduced dramatically with the help of analyte protectants.
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2.2 Clean up Technique

2.2.1 Solid Phase Extraction (SPE) [48]

Solid phase extraction (SPE) is a method of sample preparation that
concentration and purified analytes from solution by sorption onto a disposable solid
phase cartridge, followed by elution of the analyte with an appropriate solvent for
instrumental analysis. The mechanisms of retention include reversed phase, normal
phase, and ion exchange. Traditionally,’ sample preparation consisted of sample
dissolution, purification, and extraction thatewas carried out with liquid-liquid
extraction including the use of largée volumes of organic solvent, cumbersome
glassware, and cost. Furthesmoze, liquid-liquid extraction often creates emulsion with
aqueous samples that are difficult to extract, and liquid-liquid extraction is not easily
automated. These difficulties are overcome by solid phase extraction. The solid phase
extraction is an analegous term to liquia‘-li,quid extraction, and in fact, solid phase

extraction might also be/called liquid-solid-_extraction.

2.2.2 Matrix Solid Phase Dispersive (MS|5"-__'I5)_J[_49]

Matrix solid*phase dispersion is a é—élniple preparation technique widely
applied to solid, seniisolid or viscous samples, includingr animal tissues and foods
with a high lipid content. The process consists of blending the matrix onto a solid
support, allowing the matrix cell disruption and the subsequent extraction of target

analytes by means of suitable elution solvent.
2.2.3 Dispersive,-Solid Phase Extraction (d<SPE)

Dispersive-SPE (d-SPE), often referred to as the “QuEChERS” (Quick, Easy,
Cheap, Effective, Rugged, and Safe) method is an emerging sample preparation
technique that is becoming increasingly popular in the area of multi-residue pesticide
analysis in food and agricultural products. Dispersive solid-phase extraction is similar
in some respects to matrix solid-phase dispersion but in this instance, the sorbent is

added to an aliquot of the extract rather than to the original solid sample as in matrix
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solid-phase extraction. In dispersive solid-phase extraction, a smaller amount of

sorbent is used before an aliquot of the sample cleaning up.

In dSPE, food/agricultural samples are first extracted with an aqueous miscible
solvent in the presence of high amounts of salts and/or buffering agents to induce
liquid phase separation and stabilize acid and base labile pesticides. Upon shaking and
centrifugation, an aliquot of the organic phase is taken to further clean up using SPE.
Unlike traditional methods using SPE tubes, in dispersive SPE, clean up is done by
mixing bulk amounts of SPE with the extract./After sample clean up, the mixture is
centrifuged and the resulting supernatant can cither be analyzed directly or can have
further treatment before analysis. Typically, dispersive SPE replaces SPE and LLE as
a pesticide residues samplespreparation tool and prevides a method that is simple and
safe to use. The benefitssof dispersive SPE are having high recoveries of analytes,
purified extract, reduction of the wolume of organic solvent used and no use of

vacuum manifold and-glasswares.

Compared with SBE, dispersive solid-ﬁhase extraction takes less time and uses
less labour and lower volume of solvent. _Il-ﬁ'addition no concern over channeling,
analyte or matrix breakthrough or precondltlomng of SPE cartridges. Magnesium
sulphate a drying agent is sometimes added to the top of an SPE cartridge with the
SPE sorbent to rem@Ve much of the excess water and i 1mpr0ve analyte partitioning to

provide better clean up.

2.3 SPE Sorbent

Solid state extraction_is_an extremely ‘efficient method~for isolating and
concentrating solutes from 'relatively darge volumes of liguid. Materials extracted in
this way can be used for subsequent chromatographic separation. The apparatus
consists of a simple tube, usually packed with an appropriate bonded phase. The

choice of sorbent is shown in table 2.1
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Descriptidn

Sorbent/Surface Properties
-Reversed phase
Oasis” HLB Waters patented, strongly hydrophoebic,yet watet-wettable, polymer with unique Particle sizes: 30 and 60 um

(N-Vinylpyrolidone-
DVB copolymer)

hydrophilic-lipophilic balanceretains high retention and capacity even if it runs dry

after conditioning, enabling high-throughput applications. Highly cross-linked polymer
b

dad

is stable in organic solvents.

Pore size: 80 A
Surface area: 830 m?/g

pH range: 0-14

Cisg

-Si(CH3)2C18H37

Hydrophobic silica-based bonded phage used to adSOrb analytes from aqueous

solutions. Most widely referenced SPE product for apphcatlons such as: drugs and

J

metabolites in biofluids; desalting and isolation of peptldes oligonucleotides; trace

organics in environmental water samples; synthetlc radlolabeled compound isolation

Particle sizes: 55-105 um
Pore size: 125 A

Surface area: 325 m?/g
Carbon load: 12%

pH range: 2-8

-Reversed or nornal
phase
NH; (Aminoprropyl)

(-Si(CH2)3:NH>»)

Moderately polar, silica-based-bonded phase with weakly basic surface used as a polar
sorbent, like silica, with, different selectivity for acidic/basic analyfes, ot as a weak

anion exchanger in aqueous medium below pHS.

Particle sizes: 55-105 um
Pore size: 125 A

Surface area: 325 m*/g
Carbon load: 3.5%

pH range: 2-8

4
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Sorbent/Surface

Description

Properties

-Normal phase

Silica Polar sorbent binds analytes inmon-agucous solyents by H-bonding or dipole Particle sizes: 55-105 um
Si0, interaction; also used as an intermediate-strengtli cation exchanger in aqueous media, | Pore size: 125 A

a support for liquid-liquid partition separatiéns., é}JrJ'a solid-phase reagent when Surface area: 325 m%/g

suitable coated [e.g., see DNPH below]|. = |, s Activity: High [<3.2% water]
Florisil® Polar, highly active, weakly basi¢ sotbent,[a co-pféﬁ'ip‘itate of magnesia and silicar] Particle sizes: 50-200 um
MgOl SiO, for the adsorption of low to moderately-polar specié's_':ﬁ’é!)‘m nonaqueous solutions. Pore size: 60 A

7 - Activity: High [<2.5% water]
- - pH of 10% aqueous slurry: 8.5

Alumina (A,N,B) Highly surface-active, polar, acidic [A] neutral [N], and basic {B] sorbents. Unlike | Particle sizes: 50-300 pm
AlLOs silica, alumina exhibits.specific 7-€l€ctron interactions with aromatic hydrocarbons. | Pore size: 125 A

Acidic and basic alumina are also 16w-capaeiy'ion éxchangers in aquedus media,

unaffected by high-energy radioactivity [unlike polymers}:

pH of 10% aqueous slurry:
A:4 N:7.5 B:10

9¢
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Sorbent/Surface

,Description

Properties

-lon exchanged mode
Oasis® MCX

(N-Vinylpyrrolidone-DVB Copolymer )

Waterspatenied mixed-mode, reversed=phase/strong cation-

1
exchange, water-wettable polymer, highly selective for bases,

Particle sizes: 30 and 60 pm
Pore size: 80 A

-SOsH used to igolate basic, Qeufrda'l and acidic compounds with high | Surface area: 830 m*/g
recoveries. Highly: 'Cross—fink’éd polymer is stable in organic pH range: 0-14 [pK,:<1]
solvents. 7 IEX capacity: 1 meq/g

ild I
Accell™ Plus CM Silica-based, hydrophilic, wék’:éation—exchanger with large | Particle sizes: 37 and 55 pm

(Acrylic acid/acrylamide copolymer on

pore size used {0 exiract cationi¢ analytes in aqueous and

Pore size: 300 A

diol-silica) nonea_'c'lueous solutions. pH range: 2-9
-COO" Na”
Oasis® MAX Waters.patented mixed-mode, reversed-phase/strong anion- Particle sizes: 30 and 60 pm

(N-Vinylpyrolidone-DVB copolymer)

-CH,N(CH3),C4Ho"

exchange, water-wettable polymer,-highly selective for acids,
used to isolate basicy neutral and basic compounds:with high
recoveries. Highly cross-linked polymer is stable.in ofganic

solvents.

Pore size: 80 A
Surface area: 830 m?/g

pH range: 0-14 [pK,:<18]

LT
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Sorbent/Surface

Properties

PSA (Primary Secondary Amine)
|

— Si— CH,CH,NHCH,CH,NH,

. It can be useful | Particle sizes: 40-70 pum

Pore size: 40 A
pKa : 10.1-10.9

SAX (Silica based trimethylaminopropyl)
|

— Si— CH,CH,CH,NCH;CH;CH;

- is manufactured | Particle sizes: 40-70 pum

(@]

. . q_—-‘ . .
with chlorlg(le;@‘ O . It maintains a
Ca il

Vs ~
gﬁnanent positive ch@_@ pH

Pore size: 40 A
pH range: 1-14

e e
L) )|

GCB (Graphitized carbon black) ﬂ

oLl

GCB haga strogrfﬁni%{owards planar
T

{eelid &l V).a L) Qe
Sk N Ak LMY

e
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2.4 Chromatography [51]

Chromatography is a separation process, distributing the components of a
mixture between two phases, a stationary phase and a mobile phase. Those
components held preferentially in the stationary phase are retained longer in the
system than those that are distributed selectively in the mobile phase. As a
consequence, solutes are eluted from the system as local concentrations in the mobile
phase in the order of their increasing distribution coefficients with respect to the
stationary phase. In practice, the distribution system can take the form of a column
such as a tube packed with particulate maifer on which the stationary phase is bonded
or coated. The mobile phase (which may be-a gas.ora liquid) passed under pressure
through the column to €lute the“satple: The column form may also be a long, small-
diameter open tube that has the /Stationary phase coated or bonded to the internal
surface. The sample is'injgéted o, the mobile phase stream before the front of the
columns. The column is designed to allov?v two processes to take place to produce the
separation. Firstly, as a tesult of different :’f_oar-ces between each molecular type and the
stationary phase, each solute is retained to‘a different extent and, thus, the more
weakly held will elute first and the ' more sti*(?ngl_y held elute last.

it

Chromatography is probably the-iﬁQSt .powerful and versatile technique
available to the modern analyst. In a single step process it can separate a mixture into
its individual component and simultaneously provided a qualitative and quantitative
estimate of each component. Moreover, the analysis-can be carried out, at one
extreme, on a very costly"and complex ifstrument, and at the other, on a simple,

inexpensive thin layer plate:

2.4.1 Gas Chromatography

The modern gas chromatograph is described and included gas supplies,
pressure controllers, flow controllers and flow programmers, together with injection
devices for both packed and capillary columns. Sample is volatized at high
temperature (temperature higher than boiling point of analyte) at the injector port then
flow to separate in column (in column oven) by carrier gas. Analyte can been
separated with oven temperature program and detected by detector. The GC diagram

is shown in figure 2.1. Selection of the GC detector depended on chemical property.
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The design and function of the common GC detectors such as the flame ionization

detector, the nitrogen phosphorus detector and the electron capture, etc.

Injector Detector

Gas inlets
Data system
& Print
Pr ati
eumatic Thermostated
controls @
- GVEH

Figure 2.1 Gas Chromatography (GC) diagram [52]

2.4.1.1 Gas Chromatography (GC) Detg&ors

After the components of a mixture are separated using gas chromatography,
they must be detected as they exit the GC _c?himn. The links listed below provide the
details of some general GC détectors. Thic’- '-th@rmal-conductivity (TCD) and flame-
ionization (FID) detectors are. the two mos}_c_’_o_rnmon detectors on commercial gas
chromatographs. Thel requirements of a GC detector depended on the separation
application. As capillary column based gas chromatography takes its place as the
major, highest resolution separation technique available for volatile, thermally stable
compounds, the requirements for the semsitive and selective detection of these
compounds increases. ‘Thus, specifi¢c detector was used to differentiate between the
sample components using the GC detector as a means of compounds discriminating is
more ‘and“more| ¢emmon. In, addition, “‘each detector "has its<own characteristics
(selectivity, sensitivity and linear range) such as electron-capture detector (ECD)
specific for halogens compound and flame-photometric detector (FPD) specific for

phosphorus and sulfur compounds.
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2.4.1.1.1 Flame lonization Detector (FID)

An FID consists of a hydrogen/air flame and a collector plate. The effluent
from the GC column passes through the flame, which breaks down organic molecules
and produces ions. The ions are collected on a biased electrode and produce an
electrical signal. The FID is general detector, large dynamic range, its only

disadvantage is that it destroys the sample.
2.4.1.1.2 Electron Capture Detector (ECD)

The ECD is sensifive deteetor but has a limited dynamic range and finds its
greatest application in amalysiS organic molecules that contain electronegative
functional groups, such.a§ halogens. The ECD uses a radioactive®Ni source to
produce Beta emitter (elegtrons) to ionize some of the carrier gas and produce a small
standing current betwéen & biased pair of electrodes. When organic molecules that
contain electronegative functional groups,‘ such as halogens pass by the detector, they
capture some of the electrtons and reduce thé_; current measured between the electrodes.
The mobility of the captured electrons ar_é '-n}l__lCh reduced compared with the free
electrons and, furthermore, are more likely —_toibe neutralized by collision with any
positive ions that are, also generated. As a édhsequence, the electrode current falls

dramatically. The ECD is greatest application in analysis 0f'halogenated compounds.
2.4.1.1.3 Flame Photometric Detector (FPD)

The Flame photometric detector is to achieve selective and/or highly sensitive
detection of sulfur or, phosphorus) dofitaining compaounds. [The carrief gas and burnt
hydrogen from the chromatography column at a small jet similar to the flame
ionization detector. The light from the flame was focused on a photoelectric cell, the
output from which was electronically modified and fed to a recorder. Any aromatic
burning in the flame rendered it strongly luminous and, thus, the aromatic compounds
could be selectively identified. This device uses the chemiluminescent reactions of
these compounds in a hydrogen/air flame as a source of analytical information that is
relatively specific for substances containing these two kinds of atoms. The emitting

species for sulfur compounds is excited S;. The lambda max for emission of excited
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S, is approximately 394 nm. The emitter for phosphorus compounds in the flame is
excited HPO (lambda max = doublet 510-526 nm). In order to selectively detect one
or the other family of compounds as it elutes from the GC column, an interference
filter is used between the flame and the photomultiplier tube (PMT) to isolate the

appropriate emission band.
2.4.1.1.4 Nitrogen Phosphorus Detector (NPD)

The nitrogen phosphorus detecton (NPD) is a very sensitive, specific detector
the design of which is based on the FID./Physically the sensor appears to be very
similar to the FID but operates.on an entirely different principle. NPD differs from the
FID by a rubidium or cesium chioride bead contained inside a heater coil situated
close to the hydrogen jet: The bead is situated above a jet and heated by a coil over
the nitrogen carrier gassmixed with hydfpgen passes. If the detector responds to both
nitrogen and phosphorus; the hydrogen f]ow should be minimal so that the gas does
not ignite at the jet. If the deteéctor resgon'ds to phosphorus, only a large flow of
hydrogen can be used and the/mixture burnt at the jet. The heated alkali bead emits
electrons by thermionic’ emission which._;.is_ collected at the anode and provides
background current through the electrodé; réystem. When a solute that contains
nitrogen or phosphorus is eluted;the partiéi_ly;; combusted nitrogen and phosphorus

materials are adsorbed on the surface of the bead.
2.4.1.1.5 Mass Spectrometry Detector (MS)

Mass gspectrometryy detector) ris<-GC | combined <~with MS. The Gas
Chromatography/Mass ~ Spectrometry (GC-MS) “instrument separates chemical
mixtures (the, GC technique) and.identifies the components at a molecular level (the
MS technique). GEC/MS is la techniquesthatican be used.to separate.volatile organic
compounds and pesticides. The GC works on the principle that a mixture will separate
into individual substances when heated. The heated gases are carried through a
column with an inert gas (such as helium). As the separated substances emerge from
the column opening, they flow into the MS. Mass spectrometry identifies compounds
by the mass of the analyte molecule. A “library” of known mass spectra is stored on a

computer. Mass spectrometry is considered the only definitive analytical detector.


http://elchem.kaist.ac.kr/vt/chem-ed/optics/selector/filters.htm
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2.4.2 Liquid Chromatography [53, 54, 55]

The HPLC, coined by the late Prof. Csaba Horvath for his 1970 Pittcon paper,
originally indicated the fact that high pressure was used to generate the flow required
for liquid chromatography in packed columns. In the beginning, pumps only had a
pressure capability of 500 psi (35 bar). This was called high pressure liquid
chromatography, or HPLC. These new HPLC instruments could develop up to 6,000
psi (400 bar) of pressure, and incorporated improved injectors, detectors, and
columns. With continued advances in performance during this time (smaller particles,
even higher pressure), the HPLC remained the same, but the name was changed to

high performance liquid chromatography.

High performance liquid chromatography is now one of the most powerful
tools in analytical chemistry. li'has the ability to separate, qualitative and quantitative
the compounds that arepresent in any sar_nple that can be dissolved in a liquid. HPLC
can be, and has been, applied to just about aﬁy sample, such as pharmaceuticals, food,
cosmetics, environmental matrices; forensic samples, and industrial chemicals.

The basic liquid chromategraph is d-eselffibed; including mobile phases supply
systems, high pressure and low pressure grédiéﬁt programmers, pump, valves (sample
and switching), colutn-compariment-and-detector.—A réservoir holds the solvent
(called the mobile phase, because it moves). A high-pressure pump (solvent delivery
system) is used to generate and meter a specified flow rate of mobile phase. An
injector (auto ;sdmpler) israblestoninject .thegsample~intosthe: continuously flowing
mobile phase streant that carries the sample into the HPLC Column to separate and
detect signal by detector. HPLC system is showrt in figure 2.2. The column contains
the chromatographic ‘packing material needed cfor 'the' separation. The column
(stationary phases) used in LC are considered and the description of the different
types of bonded phase. The properties of the mobile phase are outlined and their
interaction with silica gel and the different types of bonded stationary phases. A
detector is needed to see the separated compound bands as they elute from the HPLC
column. HPLC detectors are described, including the UV detector (fixed and variable
wavelength), the fluorescence detector and the refractive index detector. The mobile

phase exits from detector will become waste.
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Figure 2.2 High Performance Liquid Chromatography (HPLC) System
2.4.2.1 HPLC Separation Meodes

Chromatographic_separations based on polarity depend upon the stronger
attraction between likes and the weaker attraction between opposites. “Like attracts
like” in polarity-based chfomatography. The chromatographer will choose the best
combination of a mebilefphase and peTrti,cle stationary phase with appropriately
opposite polarities. Then, as the sample analytes move through the column, the rule
like attracts like will detérmine which analytes slow down and which proceed at a

faster speed. =7,
2.4.2.1.1 Normal Phase - -

Normal phase is a classical mode of chromatography separation. The
stationary phase is polar and retains the polar compound“most strongly. The relatively
non-polar is won _in the “€tention competition by the mobile phase, a non-polar
solvent, and elutes quickly£Sincelthe non fpolan is.most like the mobile phase (both
are non-polar), it moves faster. It is typical for nopmal-phase chromatography on silica

that theé'mobile phase is ' 100% _organic; no water is used.
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2.4.2.1.2 Reversed Phase

The silica column is modified to make it non polar by attaching long
hydrocarbon chains to its surface typically with either 8 or 18 carbon atoms in them.
A polar solvent is used for example, a mixture of water or buffer and polar organic
solvent, such as acetonitrile or methanol. In this case, there will be a strong attraction
between the polar solvent and polar molecules in the mixture being passed through
the column. Polar molecules in the mixture will therefore spend most of their time
moving with the solvent. Non-polar compounds in the mixture will tend to form
attractions with the hydrocarbon groups becausc of van der wals dispersion forces.
They therefore spend less. time-in solution in the selvent and this will slow them down
on their way through the columm.-That means it is the polar molecules that will travel
through the column more guickly: Revetsed phase HPLC is the most commonly used

form of HPLC.
2.4.2.1.3 lon Exchange Chromategraphy (1IEC)

In ion exchange chromatography, the ;eparation is based on electrical charge.
Stationary phases for ion-exchange separe&__-ic-)n_]s__ are characterized by the nature and
strength of the acidic or basic funetions o’nfighe-_:ir surfaces and the types of ions that
they attract and retdin. Cation exchange is used to retin and separate positively
charged ions on a negative surface. Conversely, anion exchange is used to retain and

separate negatively charged 10ns on a positive surface.

2.4.2.2 Part of HRLCSystem

2.4.2.2.1 Pump

There are a number of different types of pumps that can provide the necessary
pressures and flow-rates required by the modern liquid chromatograph. There were
two types of pump in common use; they were the pneumatic pump, where the
necessary high pressures were achieved by pneumatic amplification and the syringe
pump, which was simply a large, strongly constructed syringe with a plunger that was
driven by a motor. The pneumatic pump has a much larger flow capacity. The

pneumatic pump can provide extremely high pressures and is relatively inexpensive,
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but the high pressure models are a little cumbersome and, at high flow rates, can
consume considerable quantities of compressed air. The HPLC, modern LC pumps
need to operate at these pressures and remain sensibly inert to the wide variety of
solvents used HPLC pumps usually have sapphire pistons, stainless steel cylinders

and return valves fitted with sapphire balls and stainless steel seats.
2.4.2.2.2 Injector

Injection of the sample is entirely atitomated. An injector (auto sampler) is

able to applied the sample extract mnto the inio the HPLC column.

2.4.2.2.3 HPLC Column

A column tube and fittings must contain the chromatographic packing material
(stationary phase) that issused to effect é geparation. It must withstand backpressure
created both during manufacture and'in lx];SC.' Also, it must provide a well-controlled
(leak-free, minimum-veolure, and zEro-dead-yolume) flow path for the sample at its
inlet, and analyte bands at its outlet, and b_e_;,._c_hemically inert relative to the separation
system such as sample, mobile; and stationary phases. A column is uniformly packed;
its mechanical separation power is determin;d;b_y the column length and the particle
size. Mechanical separation efficiency is often measured. and compared by a plate
number. Smaller-particle size has higher efficiency and higher backpressure. For a
given particle size, more mechanical separation power i§.gained by increasing column
length. However, it is loigemchromatographié¢ run times, greater solvent consumption,
and higher backpressure. Shorter column lengths minimize all these variables but also

reduce mechanical separation powert;
2.4.2.2. 4 Liquid Chromatography Detectors

A detector is needed to see the separated compound bands as they elute from
the HPLC column, when a substance has passed through the column, they pass
immediately into the detector. An appropriate detector has the ability to sense the
presence of a compound and send its corresponding electrical signal to a computer
data station. A wide range of different detectors are described including refractive

index measurement, UV absorption and fluorescence detection. Many different types
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of detectors are selected depending on the characteristics and concentrations of the
compounds that need to be separated and analyzed. For example, UV detector
selected to be used for a compound can absorb ultraviolet light. If the compound
fluoresces, a fluorescence detector is used. The most powerful approach is the use
multiple detectors in series. For example, a UV may be used in combination with a
mass spectrometer (MS) to analyze the results of the chromatographic separation.
This provides, from a single injection, more comprehensive information about an

analyte. The practice of coupling a mass spectrometer to an HPLC system and tandem

mass are called LC-MS and LC-MS/MS, respeetively.

2.5 Mass Spectrometry.(imMS)

Mass spectrometry is one ‘of the most important analytical techniques to
provide information about chemical compgsition and abundance of isotopes. A mass
spectrometer can measureithemass of a molecule only in form of a gas phase ion. The
ions are separated, detccted and measured according to their mass-to-charge ratios
(m/z). Relative ion current (signat) 1is plotted versus m/z producing total ion
chromatogram. The three major componenfrsr of MS instrument are ion source, mass
analyzer and detector. Sample molecules are ionized into gas phase ion at ion source
and ions are accelerated into mass analyzer for mass separation. The separated ions
are determined with'd detector and signals are delivered to data system analysis. All
MS instrument required high vacuum system to increase the mean free path of ions
and minimize the collisiofi*of ion to_prevent the loss of ions. Figure 2.4 shows a

schematic diagramef the mass spectrometer.

Inlet
System

Ion source  Mass analyzer  Detector

Vacuum system

Figure2.3 Diagram of the mass spectrometry system
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Mass spectrometers were proved themselves as both qualitative and
quantitative instruments. MS, replacing the less-certain results of immunoassays for

drug testing and screening food safety and environmental researchers.
2.5.1 lon Source
2.5.1.1. Electron lonization (EI)

EI (electron ionization) was a hard ionization technique since sufficient energy
is imparted to disrupt internal chemical bonds requiring high kcal/mol. Ionizing
voltage (typically 70eV) refers to the differencesin voltage causing acceleration of the
electrons used to induce clectron ionization. El, samples must be thermally stable
since heating in the source-causes vaporization. The analyzer operates at even higher
vacuum (10™ to 107 torp)#The energy of the electrons interacting with the molecule
of interest is generally maich/greater than that contained in its bonds, so ionization
occurs. The excess energy’ breaks, bonds in a well-characterized way. The result is
predictable, identifiabledfragments from vx;hich we can deduce the molecule's identity.
The EI technique is fairly indepehdent of the gource design. A spectrum produced by
one EI instrument looks mueh like a spectr&__iﬁ.g_f the same compound from another EI
instrument, a fact that lends itself to creatir_lgs;:)ectral libraries to match unknowns to

reference spectra.
2.5.1.2. Chemical lonization (ClI)

Molecules that fragment excessively call for "soft" techniques. Chemical
ionization (CI) produces ions by a gentler proton [transfer pragess that preserves and
promotes the appearance of the molé¢cular ion itself. The ionizatign: mechanism of CI
relies on Elfor the'initial ionization step but within the source i a chemical reagent
gas, such as methane, isobutane or ammonia, at high pressure forms the protonated
molecular ion (M+H). The reverse process can produce negative ions. Transferring

the proton to the gas molecule can, in some cases, produce the negative ion (M-H).
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2.5.1.3 Atmospheric Pressure Electrospray lonization (AP-ESI)

Electrospray ionization (ESI) was soft ionization technique. The most widely
employed of the atmospheric pressure ionization (API) techniques. ESI, the less polar
and more volatile ones introduced into a mass spectrometer from a condensed phase,
or liquid stream. The liquid from the liquid chromatograph enters the ESI probe and
pumped through a stainless steel capillary which energy (voltages in the 3-5kV range)
applied to a conductive tube (stainless steel capillary). The liquid aerosolizes as it
exits the capillary at atmospheric pressure, the desolvating droplets shedding ions that
flow into the mass spectrometer, induced by the combined effects of electrostatic
attraction and vacuum. Themechanism-by which-petential transfers from the liquid to
the analyte, creating ioniS, remains a topic of controversy. Firstly, the charge residue
mechanism in which hypothesized that as a droplet cvaporates, its charge remains
unchanged. The droplet's surface tensio;l,,ultimately unable to oppose the repulsive
forces from the impesed charge explodes mto. many smaller droplets. These
Coulombic fissions occus unil droplets céntammg a single analyte ion remain. When
the solvent evaporated from the last droplet_,-—a ‘gas phase 1on forms. The ESI process is
shown in figure 2.5. The 10ns are typically-‘jﬁri_otqnated and detected in the form M+H+
in positive ionization mode or M;H- n negai_?zie}:‘ﬂion mode.
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Figure2.4 Atmospheric pressure electrospray ionization process [56]
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2.5.1.4. Atmospheric Pressure Chemical lonization (APCI)

Atmospheric Pressure Chemical Ionization (APCI) was more often
successfully applied to neutral molecules that do not ionize easily directly out of
solution. The ionizing potential is applied, at the tip of a needle as a plasma, or
corona, through which the droplets pass, create plasma of metastable ions from the
solvent itself and transfer the charge from these ions to the analyte as it passes
through the plasma. Heating a probe through which the LC or solvent stream passes
creates the aerosol. Hence the early name given APCI: "solvent-mediated

electrospray".
2.5.2 Mass Analyzer

Mass analyzer ise'the’heart of a mass spectrometer. The analyzer is an
instrument's means of sepdrating or-differéntiating introduced ions. Both positive and
negative ions (as well‘as uncharged, neutral species) form in the ion source. However,
only one polarity is recorded at a given‘ ‘moment. Modern instruments can switch
polarities in milliseconds, yielding high ﬁd}c;li}t-y records even of fast, transient events
like those typical of ultra performance 11-q1]11d chromatography (UPLC) or GC

separations in which peaks are only about one second wide.

2.5.2.1 Quadrupole

Quadrupole mass spectrometer is superimposed radio frequency (RF) and
constant direct_current (D) potentials between four parallel rods were shown in
figure 2.6 to act as aimass separator, or filter, where only ions within a particular mass
range, exhibiting oscillations of constant amplitude, could collectat the analyzer. The
instrunients | target’’ them | for | specific /applications. - Single quadrupole mass
spectrometers require a clean matrix to avoid the interference of unwanted ions, and

they exhibit very good sensitivity.
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2.5.2.2 Triple Quadrupales =

Triple quadrupoles, or tandem mass spectrometers (MS/MS) add to a single
quadrupole instrument an add1t10nal quadrupole which can act in various ways. One
way is simply to separate and detect the i 1ons pf interest in a complex mixture by the
ions' unique mass-to-charge (m/z) ratio. Anether way that an additional quadrupole

proves useful is whenyused in conjunctlon w1th controlled fragmentatlon experiments.

Such experiments m_\{plved colliding 1ons of interest w1th_z_1n0ther molecule (typically
a gas like argon). In sueh an application, a precursor ion fragments into product ions,
and the MS/MS instrument identifies the compound of interest by its unique

constituent patts.

MS/MS is described a variety of experithents-multiple-reaction monitoring
(MRM)"and ‘singlesreaction monitering (SRM). That is monitoring the transition of
precursor ions, or fragmentations, to product ion(s), which in general tend to improve
the selectivity, specificity, and/or sensitivity of detection over a single-stage-
instrument experiment. Two mass analysers in series or two stages of mass analysis,

in a single instrument are used.

In a triple quadrupole mass spectrometer, there are three sets of quadrupole

filters, although only the first and third function as mass analyzers. More recent
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designs have sufficiently differentiated the middle device (replacing the quadrupole of

earlier designs) adding increased function so the term or tandem quadrupole is often
used instead. The first quadrupole (QIl), acting as a mass filter, transmits and
accelerates a selected ion towards Q2, which is called a collision cell. Although in
some designs Q2 is similar to the other two quadrupoles, RF is imposed on it only for
transmission, not mass selection. The pressure in Q2 is higher, and the ions collide
with neutral gas (argon) in the collision cell. The result is fragmentation by collision-
induced dissociation (CID). The fragments are then accelerated into Q3, another
scanning mass filter, which sorts them befote they enter a detector, is shown in figure

2.7.

Ien S ME Jolligion cell S ME 2
Source oon (0 2 (o)) Detector

¥
Y

Figure 2.6 Schematic diagram of tandem mass spectrometer (MS/MS)



CHAPTER I

EXPERIMENTAL

3.1 Instruments and Apparatus

3.1.1

3.1.3
3.14

3.1.7
3.1.8
3.1.9
3.1.10

3.1.11
3.1.12
3.1.13

3.1.14

Liquid chromatography-tandem mass spectrometer (LC-MS/MS): Waters
alliance® HPLC system with an autosampler, a binary pump and water 2695
separation module coupled to a Mieromass Quattro Ultima™ FS benchtop
tandem quadrupole ‘mass spectrometet using an atmospheric pressure
electrospray (AP=EST) inteiface and Masslynx 4.0 software processing, Water
Corporation, MA, USA.

Gas chromatography equipped with Flame Ionization Detector (GC/FID):

Agilent model#63%0Nand Chemstation software processing from Agilent

d

technology, Wilmington, USA. =
Spectrophotometer: model 8453, Agiléﬁt technology, Wilmington, USA.
HPLC column: Luna Cs{i50mm XJI:ZOJl;l’lm 1.D., 3 um) connection with guard
column. Phenomenex. T

GC column: HP-5 (Agiléht, Folsom-,: CA) éapillary column 30m x 0.25 mm 1d
0.25 pm film thickness. '

Milli-Q, Ultrapure W-Q, water systems with Simpak® 40 Filter unit 0.22 pm,
model ZFMQOSORG, Millipore, Billerica, MA, U.S.A.

Ultrasonicate: model crest 575d, Crest Ultrasoni¢c Corporation, NY, USA.
Analytical balance (5 digits), model AB 204-S, Mettler-Toledo, Inc., OH, USA.
Analytieal balance (2, digits); model PB;3002=S, Mettler-Toledo, In¢., OH, USA.
Centrifuge:” Heraeus centrifuge, ‘model "“Megafuge '1.0R,“Thermo Fisher
Scientific, MA, USA.

Micro centrifuge, model BR 4 from Jouan.

pH meter, Mettler-Toledo, Inc., OH, USA.
Blender, MARA

Vacuum pump with pressure regulator, Model SUE 300E, Heto-Holten A/S
17-19 DK-3450 Allerod, Denmark.
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3.1.15 Vortex mixer, Model KMS1, IKA-works Industries, Willmington, U.S.A.

3.1.16 Liquid dispenser: An adjustable volume solvent dispenser provided 10 mL.

3.1.17 Micro-pipettes 10-100 pL, 20-200 pL, 100-1000 pL and tips, Eppendorf,
Hamburg, Germany.

3.1.18 Refrigerator, SANTO Medical Freeze Coperation, Scientific, Co., Ltd., Tokyo, Japan.

3.1.19 HPLC amber vials, size 2 mL with PTFE cap

3.1.20 Insert flat vial, size 300 pL

3.1.21 Micro centrifuge tube, size 1.5 mL

3.1.22 Volumetric flasks 5.00mL, 10.00 ml; 25.00 mL, 50.00 mL.

3.1.23 Oak Ridge Centrifuge Tubes, polyprepyléne copolymer; polypropylene screw
closure, NALGENE®

3.1.24 Graduate centrifugestube; size 15 mL

3.1.25 Spatular

All experimental glasswatés were cleaned with detergents and rinsed with deionized

water and followed by acetone before used.
3.2 Chemicals
3.2.1 Standard Compounds

Organophosphate group such as omethoate, methamidophos, mevinphos,
dimethoate, monocrotophos, dicrotophos,, diazinon and DDVP (dichlovos),
carbamate grotip such-as oxamyl; methomyl, carbaryl, carbofuran, carbofuran-3-
hydroxy, isoprocarb, fenobucarb, A methiocarb, bendiocarb, propham, propoxur,
carbosulfail) alanyCath and“benfuracarb 'were’ puichased” fréin Dr. Ehrenstorfer

(Augsburg,Germany) with more than  95.00 % purity.
3.2.2 Organic Solvents

All solvents such as acetonitrile, methanol, acetone, and ethyl acetate were

purchased from RCI Labscan (Bangkok Thailand). Acetonitrile, methanol in HPLC
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grage, ethyl acetate in pesticide grade and acetone for rinse grassware were sufficient

quality for pesticide residues analysis.
3.2.3 Reagents

Sodium chloride, anhydrous sodium acetate and trisodium citrate dihydrate in
analytical reagent grade were purchased from Merck. Di sodium hydrogen citrate
sesquihydrate was obtained form Fluka (Buchs, Switzerland). Anhydrous magnesium
sulfate (MgSO,) in powder and glanular form were purchased from UCT
(Bristol, USA) and Fluka (Buchs, Switzerland),séSpectively.

3.2.4 Sorbents

Florisil, Silica, Alumina N, Alumina B, C-18, NH,, MAX, MCX, SAX, HLB
and CM were purchaséd fiom waters, Graphitized carbon black (GCB) was obtained

form Supelco, INC (Bellfonte, Pennsylvania). Primary secondary amine sorbent

(PSA) was supplied by UCT (Bristol, USA)-'-_;

i

3.3 Preparation of Standard Sefutions
3.3.1 Stock Standatd Solutions

Reference standards of the pecticides were prepared as stock solution at
concentration ‘4000 'mg/L in ethyl acetate for organophospate and methanol for
carbamate pesticide, respectively. Individual standard solution was prepared by
weighing 265 g byt weight cortectedd to #1007 % /purity)yofyeach standard and
dissolved in appropriate solvents in 25.00 mL volumetric flasks. These stock standard
solutions were kept in amber glass bottle with screw cap and stored at -20 °C in the

freezer.
3.3.2 Intermediate Standard Solutions

The intermediate standard mixture solutions of organophosphate group and

carbamate group were prepared at concentration 10 mg/L in acetonitrile. Mixed
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intermediate standards of each group were prepared by pipette of each stock standard
solution into a 50.00 mL volumetric flask and diluted to volume with acetonitrile.
Both mixed solutions were kept in amber glass bottle with screw cap and stored at -20

°C in the freezer.
3.3.3 Working Standard Solutions

The standard calibration curves were prepared by matrix-matched calibration
standard to compensate for matrix effects: The organophosphate and carbamate
standards were added to blank mangosteen extiaets to concentration at 5, 25, 50, 100,
125 pg/L, respectively. Quantitative “determination was analyzed by bracketing

calibration in external standard.

3.4 GC/FID System

Gas chromatography (agilent) modél_ 6890 was equiped with Flam Ionization
detector. The GC condition vas HP-5 (A-éifé-:nt, Folsom, CA) capillary column of
30m, 0.25mm id, 0.25 pm film thickness,—l-ﬁé;_],i_um at constant flow 2 mL/min, inlet
temperature 250 °C, injection volume 2 uL. @?lii‘_[less), temperature program was from
95 °C for 1.5 min, then 20 °C7niin ramp to 190 °C followéd by 5 °C/min ramp to 230
°C and 25 °C ramp 0290 °C and held for 20 min. Total fuh time was 36.67 min. The

chemstation solfware was used for instrument control and data analysis.
3.5 GC-MS System

Gas ‘chromatOgraphy) (Agilent)"moédel 6890 fwas coupled: with 5973 mass-
selectiverdetector (MSD). The GC condition was a HP-5ms (Agilent, Folsom, CA)
capillary column of 30 m, 0.25 mm id, 0.25 um film thickness, Helium at constant
flow 1 mL/min, inlet temperature 250 °C, injection volume 1 pL (splitless), MS
transfer line temperature 290 °C, temperature program was from 95 °C for 1.5 min,
then 20 °C/min ramp to 190 °C followed by 5 °C/min ramp to 230 °C and 25 °C ramp
to 290 °C and held for 20 min. Total run time was 36.67 min. Full-scan analysis (50-
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500 m/z) was used to determin interference effect from cleanup. The chemstation

solfware was used for instrument control and data analysis.
3.6 LC-MS/MS System

A water performance liquid chromatography was connected to a Micromass
Quattro Premier'™ XE benchtop tandem quadrupole mass spectrometer (Milford,
MA, USA). Electrospray ionization (ESI) was used as ionizing source in positive
mode. The LC system was performed by injecting 10 pL via autosampler on a Luna
C-18 (2.0 mm x 150 mm x pm) column (Pheaemenex, USA) connected with guard
column at 40 °C, 0.2 ml/min flow rate. The mobile phase, solution A (0.01 M
ammonium acetate) and solution' B (methanol) was set at linear gradient from 0 % B
to 95 % B in 14 min andshcldfor 6 min. The chromatographic separations of the 20
compounds were achievedwithin 15 min.

The tandem mass spectrometer paiameters were ion spray voltage at 4000 V,
cone gas flow at 0-55 L/hr., desolvation gas! flow at 600-650 L/hr., desolvation temp.
at 350 °C and the ion sourge teméérature;:l;@f_lgo °C. Estimation of the residues was
performed by multiple reactioﬁ monitoring:—_(jl\;’[RM), with two mass transitions for
each pesticide; one for quan‘;{ﬁéation and.';tﬁg(_)t‘her for /€onfirmation. The detail of
MRM transitions of 2}11 analytes were shown in table 3.1, ,I,Vnstrument control and data
acquisition and evalu%ltion were performed by MassLynx 4.0 solfware package

provided by Micromass™".
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Table 3.1 Multiple Reaction Monitoring (MRM) setting for 22 pesticides in the
MS/MS analysis

The MRM transition

Pesticide Quantitation  Confirmation Collision — Collision
MRM 1 MRM 2 energyl energy 2
V) V)
Oxamyl 237.01>71.99. | 1237.01>89.94 10 8
Methomyl 162.98>88.01  162.98>105.96 8 8
Carbofuran-3-OH 238,05162.97 238:055181.03 18 10
Carbaryl 202:045117.04] 202.04>145.04 20 13
Carbofuran 222.07>l22.99_ 222.07>164.96 20 12
Isoprocarb 194407295/04 l‘_ %94.07>137.04 13 8
Fenobucarb 208#12595.08 :2l08.12>152.07 13 8
Methiocarb 26.049171,07 296.04516902 18 10
Bendiocarb 224 08510904 1 224085167.01 15 8
Propoxur 21026> 11109 é-f(_).2_6>168.08 13 8
Propham 180.055120.04 1ég.i5f§>138.03 15 8
Carbosulfan 381T65118.08 38116516013 - 18 13
Alanycarb | 400.32>238.27 400.32>138.08 8 23
Benfuracarb 7141106519501 411.065252.10, 23 15
Omethoate 214.03>142.97 214.03>182.98 18 12
Methamidophés 14210351 12.01] 1421035124797 71 “H0 12
Mevinphos 225.04>126.96 225.04>193.03 15 8
DimetHoaté 22999170.98 | 229995198/970 | 715 8
Monocrétophos 224.09>127.03 224.09>192.98 15 8
Dicrotophos 238.03>112.05 238.03>127.01 13 15
Diazinon 305.06>153.08 305.06>169.06 20 20
DDVP 221.08>108.96 221.08>127.02 15 15
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3.7 Sample Preparation of Mangosteen

3.7.1 Study of QUEChERS Method for Mangosteen Matrix.

The experimental procedures were studied with the 3 versions of QUEChERS
method for analysis of pesticide residues in mangosteen. The different 3 versions
QuEChERS were applied with the extraction with acetonitrile and 1% acetic acid in
acetonitrile and furthered partition with, salt (unbuffer), citrate buffer and acetate
buffer. This study can be designed into /6 methods as shown in table3.2. The
organophosphate and carbamate standard werc.spiked into sample to obtain recovery
at concentration level of 0.10 mg/Kg in 3 replicates. The sample were extracted with 6
methods and analysis by LESMS/MS ( for preliminary study in term of recovery ).

|

Table 3.2 Six methods for determination of pesticide residues in mangosteen based

on QUEChERS method ‘
}
Method | Method | Method . ! Method | Method | Method | Method
| ) -aaa, |11 v V VI
Original J'/EN15662 |4 AOAC
Process Version | Version | Version
Weighed SN i o
Add extracting 10 mL Acetonitrile 210 mL 1 % Acetic acid In
solution ; L Acetronitrile
Extraction/partition MgSO,4g | MgSO, 4 ¢ MgSO,4g | MgSO,4g | MgSO,4g | MgSO,4¢g
NaCl 1¢ NaCl'1g NaCl 1¢g NaCl 1¢ NaCl 1g NaCl 1g
*Tri 1g NaOAc Ig *Tri 1g NaOAc 1g
*Di 0.5g **Di 0.5g
Centrifuged Shake &|Centrifuge
Aliquat taken L'mL
Cleaned up PSA 50 mg
MgSOg 150,mg
Vortex-& Centrifuge

Final volume 1 mL
adjusted

* Trisodium citrate dihydrate

“ Di sodium hydrogen citrate sesquihydrate
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Extraction Method I (analysis in 3 replicates)

1. Weighed: 10 g of homogenized mangosteen was weighed into 50 mL centrifuge
tube.

2. Spiked: 100 pL of 10 mg/L mixed standards were spiked at 0.10 mg/Kg into
sample. The tubes containing spiked samples were vortexed for 30 sec and left
standing for 10 min to allow pesticides residues interacted with matrix.

3. Added extracting solution: 10 mL acgtonitrile were added into spiked samples.

4. Extraction/Partition: 4 g anhydrous MgSO, and 1 g NaCl were added into
centrifuge tube, cap tightly and mix on vortex mixer immediately for 1 min
then centrifuged theeXtiact for 10 min at 3500 rpm.

5. Cleaned up: 1 _.mL ~of the upper extract was pipetted into 1.5 mL
microcentrifuge tube gountaining 150 mg anhydrous MgSO,4 and 50 mg PSA.
After that, captighily, shaked and-—qurtex 30 sec then centrifuge the extract for
5 min at 10000 gpm. /A

6. The clear extract was transfered into-':2 mL amber vial for inject LC-MS/MS.

[
S _J.

Extraction Method Il (analysis i 3 replicﬁeé)

1 Weighed: 10.g/of homogenized mangosteen was weighed into 50 mL centrifuge
tube.

2 Spiked: 100 pL of 10 mg/L mix standard were spiked at 0.10 mg/Kg into
sample.«The tubes containing spiked samples were vortexed for 30 sec and left
standing for 10 min to allow timing for pesticides interact with matrix.

3 rAddextracting solutien: 10 mll ofacetonitrile;were added into spiked sample.

4  Extraction/Partition : 4 g of anhydrous MgSQy, 1'g of NaCl, T g of trisodium
citrate dehydrate and 0.5 g of disodium hydrogen citrate sesquihydrate were
added into centrifuge tube, capped tightly and mixed on vortex mixer
immediately for 1 min. then centrifuged the extract for 10 min at 3500 rpm.

5 Cleaned up: 1 mL of the upper layer was pipetted into 1.5 mL
microcentrifugal tube containing 150 mg anhydrous MgSO4 and 50 mg PSA,
capped tightly, shaked and vortexed for 30 sec then centrifuged the extract for
5 min at 10,000 rpm.
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6 The clear extract was transfered into 2 mL amber vial for inject LC-MS/MS.

Extraction Method I11 (analysis in 3 replicates)

1  Weighed: 10 g of homogenized mangosteen was weighed into 50 mL centrifuge
tube.

2 Spiked: 100 pL of 10 mg/L mix standard were spiked at 0.10 mg/Kg into
sample. The tubes containing spiked samples were vortexed for 30 sec and left
standing for 10 min to allow pesticide residues interacted with matrix.

3 Add extracting solution: 10 mL of acetonitrile were added into spiked sample.

4  Extraction/Partition: 4 g of anhydrous MgSO,4, 1 g of NaCl and 1 g of
anhydrous sodium aeétaié were added into eentrifugal tube, capped tightly and
mixed on vortex mixerinamediately for | min. then centrifuged the extract for 10
min at 3500 rpm.

5 Cleaned up: /I mlL Jof the upper extract was pipetted into 1.5 mL
microcentrifugeal tubé containing 150 mg anhydrous MgSO, and 50 mg PSA,
capped tightly, shaked and Vortexed_; for 30 sec then centrifuged for 5 min at
10,000 rpm. =

6 The clear extracts were transfered into 2;mL amber vial for inject LC-MS/MS.

4

Extraction method I'V (analysis in 3 replicates)

1  Weighed: 10 g of-homogenized mangosteen was weighed into 50 mL centrifuge
tube.

2 Spiked:"100 pL of 10 mg/L mix standard were spiked at 0.10 mg/Kg into
sample The tubesContaining spikedsamples werevortexed for130 sec and left
standing for 10 min to allow timing for pesticides interact with matrix.

3 Add extracting solution: 10 mL 1% acetic acid in acetonitrile were added into
spiked sample.

4  Extraction/Partition: 4 g of anhydrous MgSO,4 and 1 g of NaCl were added
into centrifugal tube, capped tightly and mixed on vortex mixer immediately for 1
min. then centrifuged the extract for 10 min at 3,500 rpm.

5 Cleaned up: 1 mL of the upper extract was pipetted into 1.5 mL
microcentrifugal tube containing 150 mg anhydrous MgSO4 and 50 mg PSA,
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capped tightly, shaked and vortexed for 30 sec then centrifuged for 5 min at

10,000 rpm.

6 The clear extracts were transfered into 2 mL amber vial for inject LC-MS/MS.
Extraction method V (analysis in 3 replicates)

1  Weighed: 10 g of homogenized mangosteen was weighed into 50 mL centrifuge
tube.

2 Spiked: 100 pLof 10 mg/L mix standard were spiked at 0.10 mg/Kg into
sample. The tubes containing spiked samples were vortexed for 30 sec and left
standing for 10 min to allow timfng for pesticides interact with matrix.

3 Added extracting selutien: 10 mL of 1% aecetic acid in cetonitrile were added
into spiked samples '

4 Extraction/Partition: 4/g of anhydrous MgSOy, 1 g of NaCl, 1 g of trisodium
citrate dehydrate and 0.5/ g of diibdjum hydrogen citrate sesquihydrate were
added into centrifugals tube, caﬂped tightly and mixed on vortex mixer
immediately for 1 min. th-en.centrifilig.ea for 10 min at 3,500 rpm.

5 Cleaned up: 1 mE of the uppJef “extract was pipetted into 1.5 mL
microcentrifuge tube containing ISFmg anhydrous MgSO, and 50 mg PSA.
After that, cap tightly,r éﬂéked and Vorte;( 30 sec then centrifuge the extract for
5 min at IOOOO—rpm. 7

6 The clear extracts were transfered into 2 mL amber vial for inject LC-MS/MS.
Extraction method VI(in 3 replicates)

1. *Weighed:, 101g of homogenizedimangosteer was tweighed intof50 mL centrifuge
tube.

2. Spiked: 100 pL of 10 mg/L mix standard were spiked at 0.10 mg/Kg into
sample. The tubes containing spiked samples were vortexed for 30 sec and left
standing for 10 min to allow pesticide residues interacted with matrix.

3. Added extracting solution: 10 mL of 1% acetic acid in acetonitrile were added
into spiked sample.

4. Extraction/Partition: 4 g of anhydrous MgSOy4, 1 g of NaCl and 1 g of

anhydrous sodium acetate were added into centrifuge tube, capped tightly and
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mixed on vortex mixer immediately for 1 min. then centrifuged for 10 min at
3,500 rpm.

Cleaned up: 1 mL of the upper extract was pipetted into 1.5 mL
microcentrifugal tube containing 150 mg anhydrous MgSO, and 50 mg PSA.
After that, cap tightly, shaked and vortexed for 30 sec then centrifuged for 5
min at 10,000 rpm.

The clear extracts were transfered into 2 mL amber vial for inject LC-MS/MS.
Study on the Effect of Extraction Selvent

3.7.2.1 Weighed: 10 g of hon{ogenized mangosteen were weighed into 50
mL centrifugalstibe (6 tubes).

3.7.2.2 Spiked: 100 pl of 10 mg/L. mix standard were spiked at 0.10 mg/Kg
into sample. The tubes containing spiked samples were vortexed for
30 se€ and left standing for 10 min“to allow pesticide residues
interacied with' matumx. i_

3.7.2.3 Added extracting .solutidtrf;:; Extraction solvent was studied in 2
compositions. Both compégi{iggs were conducted in tree replicates.
Composition I 10 mL E ;cetonitrile were added into spiked

sample.-.--_q_-
Composition I1: 10 mL of 1% acetic lacid in acetonitrile were
7 added into'spiked sample.

3.7.2.4 Extraction/Partition: 4 g of anhydrous MgSOy4, 1 gof NaCland 1 g
of] anhydrous 'sodium lacetate. were added jinto centrifugal tube,
capped tightly and mixed on vortex mixer immediately for 1 min.
thén centrifuged:for 10 mimat™3,500apm:

3.7.2.5 Cleaned up: 1 mL of the upper extract was pipetted into 1.5 mL
microcentrifugal tube containing 150 mg anhydrous MgSO, and 50
mg PSA, capped tightly, shaked and vortexed for 30 sec then
centrifuge for 5 min at 10,000 rpm.

3.7.2.6 The clear solutions were transfered into 2 mL amber vial for

injecting LC-MS/MS
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3.7.3 Study of Effect of Buffering Agent

3.7.3.1

3.7.3.2

3.7.3.3

3.7.3.4

3.7.3.5

3.7.3.6

Weighed: 10 g of homogenized mangosteen were weighed into 50

mL centrifuge tube. (6 tubes)

Spiked: 100 puL of 10 mg/L mix standard were spiked at 0.10 mg/Kg

into sample. The tubes containing spiked samples were vortexed for

30 sec and left standing for 10 min to allow timing for pesticides

interact with matrix.

Addded extracting solution: L0 mL of acetonitrile were added into spiked

sample.

Extraction/Partition: Aﬁhydrous magnesium sulfate, sodium chloride

and buffering agent. were studied in 3 compositions. Each

compositién was studied with tree replicates.

Composition' I 4-¢ of anhydrous MgSO,4 and 1 g of NaCl were
added into centrifugal tube.

Compesition Ili: 4.g oé._anhydrous MgSO4, 1 g of NaCl, 1 g of
-' irisodiﬁﬁé citrate dehydrate and 0.5g of disodium
, '-_ﬁydrog:ei_}t ijthrate sesquihydrate was added into

centrifugalube.
Compositior;—-l’i-l: 4 g of anhyzlrous MgS04, 1 g of NaCl and 1 g of

anhydrous sodium —’Qg-:etate were added into
centrifugal tube. |

Sampies were capped tightly anc{ mixed on vortex mixer
immediately for 1'min. then centrifuged for 10 min at 3,500 rpm.
Cleaned up: 1 mL of the upper layer was pipetted into 1.5 mL
microcentrifugal tube) containing™1 50 mg anhydrous MgSO, and 50
mg PSA, capped tightly, shaked and vortexed for 30 sec then
centrifuged the extract for 5 min at 10,000 rpm.

The clear extract were transfered into 2 mL amber vial for injecting

LC-MS/MS
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3.7.4 Study of Sorbent Type for Dispersive-SPE Clean up

3.7.4.1 Study of Suitable Sorbents for Mangosteen Matrix

Mangosteen extracts were cleaned up with 13 sorbents such as GCB, PSA, Florisil,
Silica, Alumina N, Alumina B, C-18, NH,, MAX, MCX, SAX, HLB and CM as

follows:
3.7.4.1.1 Study of wight of residues after.cleaned up with different sorbents

3.7.4.1.1.1 THE Stems of fresh mangosteen fruits were removed and the
whele fruit  including pulp and peel were homogenized in a
high speed blender for 3-5 min.

3.7.4.1.1.2 Weighed 50 g homogenized mangosteen into 250 mL
centrifuge tube. _é ;

3.7.4.1.1.3 /Thesample was eﬂlxtracted with 50 mL acetonitrile and shaked
by a shaker for 10, mm

3.7.4.1.1.4 Added 20 g MgSO4 and 5 g NaCl and mix on vortex mixer
1mmed1ately for 1 rnm and centrifuge the extract for 10 min at
3500 rpm (The mangos‘;een extract)

3.7.4.1.1;5; Transfered 2 mL aliquot of upper acetonitrile layer into 15

; mL centrifuge tube with screw  cap containing 300 mg

anhydrous MgSO4_and 100 mg of each sorbent (dispersive-
SPE), " capped 'tightly, 'shaked and vortexed 30 sec then
centrifuged for 5 min at 10000 rpm.

3.7 Ay1.06, 0 Transfered [ mLialiquotinte I Stmleweighed|centrifuge tube
then evaporated to dryness with nitrogen evaporater.

3.7.4.1.1.7 Weighed residue from 1 mL after dryness.

3.7.4.1.2 Study in term colour of extract after clean up with different sorbents
by study ability to absorb UV-VIS light.

3.7.4.1.2.1 The mangosteen extract was d-SPE cleaned up with 13

sorbents.
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3.7.4.1.2.2 The clear solution was determined their absorbance by uv-vis

spectrometer.

3.7.4.1.3 Study cleanup effect with chromatography instrument

3.7.4.1.3.1 The mangosteen extract was d-SPE cleaned up with 13

sorbents.

3.7.4.1.3.2 The clear solution was analytzed by GC/FID and GC-MS.

3.7.4.1.4 Study of effect of temperature for.eléan up

-

The experimental peocedures study the effeet of temperature to removed

matrix interference by freezing out and centrifuging at low temperature, as following

procedures:

3.74.2

3.7.4.1.4.142 ml of the mangosteen extract was d-SPE cleaned up with

3.74.1.4.2
3.74.1.43

3.7.4.1.447

13 sorbents. 4

The gxtracts wer-:e-:. céntrifuged and compared temperature
confrol.at25°C ai.léj.i;f}JOC for 5 min at 10,000 rpm.
Transfered + mL aliq—l_;;)‘; into 15 mL centrifugal tube then kept
ovemigﬁf at -20 °C 1n -til_é _f-reezer.

Transfered clear aliquot into 2 il GC vial and injected to

GC/FID.

Study of Effect of Sorbent Type

37 424

3.74.2.2

3.7.423

Weighed:" 100g) ef thomogenized mangosteeris were weight
into 50 mL centrifugal tube. (6 tubes)

Spiked: 100 pL of 10 mg/L mix standards was spiked at 0.10
mg/Kg into sample. The tubes containing spiked samples
were vortexed for 30 sec and left standing for 10 min to allow
timing for pesticides interact with matrix.

Added extracting solution: 10 mL of acetonitrile was added into

spiked sample.
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3.74.2.4

3.74.2.5

3.7.42.6. 7 1
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Extraction/Partition: 4 g of anhydrous MgSQOy, 1 g of NaCl

and 1 g of anhydrous sodium acetate were added into

centrifuge tube.After that, cap tightly and mix on vortex

mixer immediately for 1 min. then centrifuged for 10 min at

3500 rpm.

Cleaned up: 1 mL of the upper extract was cleaned up by

varying 5 sorbent types. Each sorbent type was conducted

with three replicates.

Sorbent I: dispersive =SPE with 150 mg anhydrous MgSOj4
and 50.mgPSA,

sorbent.H: di§f>ersive —SPE with 150 mg anhydrous MgSO4
and 50 mg alumina N.

Serbent AU dispersive — SPE with 150 mg anhydrous MgSO,
‘and:50 mg florisil.

Sarbent 1V: disp_érsjlrve ~SPE with 150 mg anhydrous MgSO4
and §O mg MCX.

Serbent V dlsperswe —SPE with 150 mg anhydrous MgSO,

- and SOmgSAX.
All samples were Qai;ped tightly, shaked and vortexed for 30
sec then centrlfuged fér S minat ¥0,000 rpm.

The clear extracts were transfered into 2 mL amber vial for

11’1_] jecting LC- MS/MS

Studyeof the Effect of Mixed and \Weight of Sarbent

30754 Weighed: 10 g of hormogenizedymangosteen wergrweighed into 50

mL centrifuge tube.
3.7.5.2 Spiked: 100 puL of 10 mg/L mix standards were spiked at 0.10

mg/Kg into samples. The tubes containing spiked samples were

vortexed for 30 sec and left standing for 10 min to allow pesticide

residues interacted with the matrix.

3.7.5.3 Added extracting solution: 10 mL of acetonitrile was added into spiked

samples.
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Extraction/Partition: 4 g of anhydrous MgS0O4, 1 gof NaCland 1 g

of anhydrous sodium acetate were added into centrifugal tubes,

capped tightly and mixed on vortex mixer immediately for 1 min.

then centrifuged the extract for 10 min at 3,500 rpm.

Cleaned up: 1 mL of the upper extract was cleaned up by varying

weight of mixed sorbents. Each composition was conducted in tree

replicates as follows:

Composition I: dispersive —SPE with 150 mg anhydrous MgSO4
and 25 mg PSA: 25 mg alumina N

Composition 1I: dispersive’ -SPE with 150 mg anhydrous MgSO4
and 50 mg PSA: 50 mg alumina N

Composiiiond1i: dispersive —SPE with 150 mg anhydrous MgSO4
and 75img PSA: 75 mg alumina N

.Compesition I\ dispersive - SPE with 150 mg anhydrous MgSQOy,
and 25 ﬁig{PSA: 25 mg florisil

Composition V: disperéi_ve —SPE with 150 mg anhydrous MgSO,
‘and 50 mg!PSA 50 mg florisil

Composition \/1: disperéfgfé;;SPE with 150 mg anhydrous MgSO4
and 75 mgTSA 75 mg florisil

All samplersr ;vrere cappea --t_igl_lt-ly, shaled and vortexed for 30 sec

theri centrifuged the extract for 5 min at 10,000 rpm.

The clear cxtracts were ftransfered into 2 mL amber vial for

injecting LC-MS/MS.

3.7.6 Study of Effect of Mixed Sorbents in Term of Precision

3.7.6.1

3.7.6.2

3.7.6.3

Weighed: 10 g of homogenized mangosteen was weighed into 50
mL centrifugal tube. (6 tubes)

Spiked: 100 puL of 10 mg/L mixed standards were spiked at 0.10
mg/Kg into samples. The tubes containing spiked samples were
vortexed for 30 sec and left standing for 10 min to allow pesticide
residues interacted with matrix.

Added extracting solution: 10 mL of acetonitrile was added into

spiked samples.
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Extraction/Partition: 4 g of anhydrous MgSQOy, 1 gof NaCland 1 g

of anhydrous sodium acetate were added into centrifuge tube,

capped tightly and mixed on vortex mixer immediately for 1 min.

then centrifuged for 10 min at 3,500 rpm.

Cleaned up: 1 mL of the upper extract was cleaned up with mixed

sorbents between PSA: alumina N and PSA: florisil. Both

compositions were studied in ten replicates as follow:

Composition I: dispersive —SPE with 150 mg anhydrous MgSO4
and 25 mg PSA: 25 mg alumina N

Composttion Il dispersive =SPE with 150 mg anhydrous MgSO4
and 25 mg PSA" 25 mg florisil

All samplées were capped tightly, shaked and vortexed for 30 sec

then centrituged the extract for S min at 10,000 rpm.

The clear extracts were transfered into 2 mL amber vial for

injetingLE-MS/MS. | 4

3.8 Method Validation 4]

#

— J-:

Method validate was performed to pr&i&e the evidence that a method was fit

for the purpose to béwsed. The method tested to assess for sensitivity covered mean

recovery (as a measufe of trueness or bias), precision, limit of detections (LODs) and

limit of quantifications (LOQs). The method was optimized condition as follow:

1. Weighed: 10g of homogenized mangosteen was weighed into 50 mL centrifugal

tube.

22 Spikedy Mix standards were §piked intorsample Thetubss containing spiked

samples were vortexed for 30 sec and left standing for TO min to allow

pesticide residues interacted with matrix.

3. Added extracting solution: 10 mL of acetonitrile was added into spiked sample.

4. Extraction/Partition: 4 g of anhydrous MgSQOy4, 1 g of NaCl and 1 g of

anhydrous sodium acetate were added into centrifugal tube, capped tightly

and mixed on vortex mixer immediately for 1 min. then centrifuged for 10

min at 3,500 rpm.
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5. Cleaned up: 1 mL of the upper extract was cleaned up with mixed sorbents
between PSA:Alumina N (25:25mg), capped tightly, shaked and vortexed 30
sec then centrifuged for 5 min at 10,000 rpm.

6. The clear extracts were transfered into 2 mL amber vial for injecting LC-

MS/MS.
3.8.1 Standard Calibration Curve

The standard calibration curves were prepared by matrix-matched calibration
standard to compensate for matrix effects. The*22 organophosphate and carbamate
standards were added to blank mangosteen extracts. The performances of the methods
were conducted at concentration range from 5-125 pg/L. The process began at the
lowest calibrated level (BCL) 5 ug/L- where represented the practical LOQ and 25
ng/L increments was added to 125 ug/L..- Six concentrations were conducted in three
replicates. The calibration’ curves obtain?c;‘d awere plotted between concentration and

peak area of each analytes and then evaluated. .

#

3.8.2 Linearity w2y

Linearity of method was obtained froﬁl rstandard ¢alibration curve of range 5-
125 pg/L with three rreplicates. The calibration curves-exhibited their intercepts,
slopes and coefficient of determination (R”) where the coefficient of determination
(R?) represents the lineafitysof the proposed imethod. The slope represents the sensitivity of
method. The results obtained such as slope, yrintercept, and coefficient of determination

(R?) of all compounds were shown in table 4.11.
3.8.3 Limit of Detections (LODs)

In trace analysis, it is important to know the lowest concentration of analyte or
property value that can be confidently detected by the method .The limit of detection
is the lowest concentration of analytes applied to the complete analytical method The
method employed was determined by analyzing the lowest spiked sample of all

analytes at concentration 0.005 mg/L. under the optimized condition with ten
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replicates. The results and chromatograms of limit of detections LODs) were shown in

figure 4.15 and table 4.11, respectively.
3.8.4 Limit of Quantifications (LOQS)

The limit of quantification is the minimum concentration of analyte that can be
quantified with acceptable accuracy and precision. It should be applied to the
complete analytical method. LOQs are referred to the MRL at 0.01 mg/Kg.The LOQs
must not be lower than the corresponding lowest calibrationed level (LCL). This
method, LOQs were determined by analyzingsthe spiked samples at concentration
0.01 mg/Kg under the optimized condition in ten replicates. The concentration level
obtained was evaluated _in" terin of laccuracy and precision by calculating the
percentage recovery and gelative standard deviation (RSD). The limit of

quantifications (LOQs) obtainedwere shown in table 4.11.

d

3.8.5 Accuracy and Precision
The performance of method in temféf accuracy and precision was obtained by
analyzing the spiked recovery samples tféléjtermine theirs accuracy at different
concentrations and 5 replicatérsf-”rl“he LOQé .i--s__(_i!(_ef-ined as /the lowest spiked level that
meet the method pérférmance acceptability criteria. Ten réplicates for accuracy and
precision data at spiked levels of 0.01.70:02,70.05 and 0.10 mg/Kg were analyzed
under the optimized condition and calculated the percentage of recovery to determine
accuracy and %RSD ) for precision according to the acceptablg criteria. The accuracy

and precision data were shown on table 4.11.



CHAPTER IV

RESULTS AND DISCUSSION

The components in the thick peel such as polyphenols and wax were extracted
with QUEChERS technique and analyzed by liquid chromatography coupled tandem
mass spectrometry. The pesticide residues of polar organophosphate and carbamate
group were analyzed with the QUEChERS method. QUEChERS parameters affecting
efficiency such as extraction solvent, buffesing agent and dispersive sorbent were
studied.

-

4.1 Study of QUEChERS Method for, Mangosteen Matrix

The 3 versions of QuEChERS j:r};'.ethod to determine pesticide residues in
mangosteen were compaged for, prelimin'é}ry-i study. The different of 3 versions were
designed to 6 methods as shown in tablé:g.g_. The organophosphate and carbamate
standards were spiked to samples_l_for reééy__ei*y study at 0.10 mg/Kg concentration
with 3 replicates and extracted wath 6 methé_'ciéaﬁnalyzed by LC-MS/MS analysis. The
mean recovery of polar organophosphate at}zl_-..t;grbamate were shown in table 4.1. All

residues were founded when extracted with Method T 2_1rid_ Method VI. However, the

recoveries of all compounds extracted with 6 methods obtained are out of recovery

range 60-120 %.
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Table 4.1 Mean of percentage recovery of carbamate & polar organophosphate at
spiked level 0.10 mg/Kg (n=3).

No Compound Method

I 1 i v \ |
1 Oxamyl 125 113
2 Methomyl 184 168
3 Carbofuran-3-OH 204 145
4  Carbaryl 128 104
5  Carbofuran 186 178
6  Isoprocarb 135 120
7  Fenobucarb 191 167
8  Methiocarb 139 126
9  Bendiocarb 140 120
10 Propoxur 136 120
11 Propham 119 146
12 Carbosulfan 0 138
13 Alanycarb 0 337
14 Benfuracarb 1 150
15 Omethoate lj 67 86
16 Methamidophos 105 84
17 Mevinp ?) ij 100 93
18 Dlmethhﬁ|1JEI qf] ﬁtﬂjﬁﬂq f.i 109
19 96 193
o it 01 1 ﬂmﬁ mffméb
21 D1az1non 113 133
22 DDVP 142 124 126 136 97 91




64

4.2 Study on the Effect of Extraction Solvent

The extraction solvents were evaluated for their extraction efficiency. The
comparison between using of pure acetonitrile and 1% acetic acid in acetonitrile as
extractant were shown in figure 4.1 where carbamate and polar organophosphate
residues spiked at 0.10 mg/kg in 3 replicates extracted with acetonitrile and 1% acetic
acid in acetonitrile. The extraction with acetonitrile gave better recovery than using

1% acetic acid in acetonitrile.

-

. @ Acetonitrile
Effectof extraction solvent

W 1% Acetic acid in acetonitrile|

% Recovery

." -
(96\ N * ‘id & &‘b{o \,oq’\ ‘33‘0 s e o'& x\%& %&9‘1{;& 5 & 5 SPRG Ve R &

& o o N
&S N RS & AN KK O
T T I T e e

- S
o W »
Compounds

Figure 4.1 Effect of extraction solvent on mean recovery data (n=3).

4.3 Study of Effect of Buffering Agent

Salt ‘and buffering agent induced liquid phase separation. as well as stabilizes
acid and'base labile pesticides. The type of salts and amounts were evaluated for their
extraction efficiency. The different of % recovery when using 4 g of MgSO4+ 1 g of
NaCl (original version unbuffering), 4 g of MgSO4 + 1 g of NaCl + 1 g of trisodium
citrate dehydrate + 0.5 g disodium hydrogen citrate sesquihydrate (EN version which
citrate buffering) and 4 g of MgSO4 + 1 g of NaCl + 1 g of anhydrous sodium acetate
(AOAC version acetate buffering) were also shown in figure 4.2. Carbamate and polar

organophosphate residues spiked at 0.10 mg/kg in 3 replicates then extracted with
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acetonitrile and added mixture of 4g magnesium sulfate, 1 g sodium chloride and 1g

anhydrous sodium acetate in the extraction solution gave the best recovery.

. @49 MgS04 +1g NaCl
Effect of buffering agent

m 49 MgS0O4 +1g NaCl +1g Tri +0.5 g Di
o 49 MgS0O4 +1g NaCl + 1g anh. NaOAc
i

0

% Recovery

&

_—

Figure 4.2 Effect of buffers added ori‘;.mean percentage recovery (where n=3)

4.4 Study of Sorbent Type for'Di'spersi\_}t%'-é"PE Clean up

¥
Ao st 04
—

4.4.1 Study of Suitable Sorbents for Mangosteen Matrix

Mangosteenre}(tracts were cleaned up with 13 Sqrbents such as GCB, PSA,
Florisil, Silica, Alumina N, Alumina B, C-18, NH,, MAX, MCX, SAX, HLB and
CM. The extraction after.clean up with 13 sorbents were evaluated for their removing

interference efficicncy.

Iy mlcof the'mangosteen extract wasicleaned upiitsiinterferences by dispersive-
SPE comparing with 13 ‘sorbents such as 'GCB, PSA, Florisil, Silica, Alumina N,
Alumina B, C-18, NH,, MAX, MCX, SAX, HLB and CM and determined the
residuals after clean up of each sorbent. MAX, MCX, HLB, NH,, PSA and Alumina
N sorbent showed to remove some interference more than 30 %, the results were
shown in table 4.2 and figure 4.3. The mangosteen extract after d-SPE cleaned up
with MCX sorbent provided most clear solution; the results were shown in figure 4.4.
The extracts after cleaned up with each sorbent was determined their absorbance by

spectrophotometer.The UV-VIS spectrum of mangosteen extract was scaned to find
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out the max wavelength at 3 wavelengths such as 623, 655, and 664 nm. The results

of UV-VIS spectrums were shown in figure 4.5 and absorbance of the extract after

d-SPE various sorbent compared with sample blank mangosteen extract were shown
in table 4.3. The extract affer clean up with MCX, CM, HLB, PSA, alumina N and
SAX sorbents gave lower absorbance than MAX, florisil, GCB, NH,, alumina B, C-18 and

silica.

Table 4.2 Wieght of the residues from 1 mL mangosteen extract after clean up with

different sorbents

No. Sorbent Types  Weight of residues % Residues
Retained Removed

1  GCB 070269 76.64 23.36
2 PSA 010226 64.39 35.61
3 Florisil 040305 1 86.89 13.11
4 Silica 0.0293 84,05 15.95
5  AluminaN 0'0242" A 68.95 31.05
6  C-18 0.0296 : 84.33 15.67
7 NH, 0.0212 = 60.40 39.60
8  Alumina B 0.0258 73.50 26.50
9  MAX 0.0182 51.85. 48.15
10 MCX 0.0183 5214 47.86
11 SAX 0,0269 76.64 23.36
12 HLB 0.0207 58,97 41.03
13 CM 0.0247 70.37 29.63
14 Sanipié Bladl .0 0:0351 10000 0.00
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%Retained residues of mangosteen extractin 1 mL
after cleaned up

=

% Retained Residues
FNW A UIDH~I00W0O
OOOOOOOOOOO

MAX
MCX
HLB
NHZ
PSA
CM
GCB
SAX
Silica
C-18
Florisil

~ Alumina N
Alumina B

Sample Blank

."‘
’_.r"
"

b ~ /

Figure 4.3: Comparison of % residue ret%lean up with various sorbents

compared between vario //// \ gosteen extract

Sample blangmangosteen extrac magnesmm sulphate, MCX MAX CM,

HL , -: A, NH,, Aluny W Silica

Figure 4.4 The colour of 13 mangosteen extracts after dispersive-SPE cleaned up

with each sorbent
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Table 4.3: The Absorbances of mangosteen extract after d-SPE clean up with

different sorbents determined at various wavelengths (623, 655 and 664

nm)
Sorbent Absorbance
623 nm 655 nm 664 nm

Sample blank 0.1060 0.1273 0.1265
MCX 0.0074 0.0263 0.0178
MAX 0.0847 0.1065 0.1063
CM 0.0316 0.0574 0.0657
HLB 0.0771 - 0.0865 0.0808
Florisil 0.0781 0.1083 0.1094
GCB 0.0826 0.0774 0.0753
PSA 0.0309 - 70,0809 0.0919
NH, 0.0739 | 0.1025 0.1036
Alumina B 040832 20,1149 0.1153
Alumina N 0.0325 £0.0307 0.0831
SAX 0.0190 10,0504 0.0557
C-18 0.0345 ’6"_._02_1490 0.3556
Silica 0.0953 0.1246 0,1248

The samples of mangosteen extracts after d-SPE cleaned up with 13 sorbents

were analyzed with GGEID and GC-MS, using the same condition. All samples

showed interference peaks at high temperature (290°C) (figure 4.6) as compared with
the peak area from the extracts after d-SPE 13 sorbents. The interference peaks after
clean up lat temperature below 290 C (retention time (RT) 0-18min) were compared
with interference peak of sample blank mangosteen extract in term of peak area and
no of total peak from running time 30 min, the results were shown in figure 4.7 and
table 4.4. The sorbent type such as PSA, florisil, alumina N&B, NH;, MCX and SAX
gave low interference peak area. Nevertheless, in the reagent blank of alumina B and
MCX sorbents interferent peaks were founded and chromatograms were shown in

figure 4.8. The mangosteen extract analyzed by GC-MS at the same condition,
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chromatograms obtained were shown in figure 4.9 and library search reports were

shown in table 4.5.

FID1 B, (PROOA1ZW0ISB1701.0)

Sample blank mangosteen extract

w 1

T
10

FIB4 B, (PROODA18WS0B2E01.0)
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Figure 4.6 Typical chromatograms| of ;sample” blank 'mangosteen extract and

mangosteen sample extract after d-SPE cleaned up with MCX, PSA,
CM, HLB; alumina N and SAX
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Figure 4.7 Typical chromatogram of sample clean up with PSA, alumina N,
alumina B, NH;, MCX sorbents
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‘Peak Area
RT Sample GCB PSA  Florisil Silica™ AlumifiaN  AluminaB_C-18 NH2 MAX MCX SAX HLB CM
2301 4587  61.13  20.12 4436  58.79«" 3065 31.19 5150 1411 8457 63.18 5952 53.63 45.44
5.342 371.62 41145 428.82 421.96 42572441207/ 43225  368.00 424.00 479.73 46.62 438.19 34547 422.00
6.142 105.76  112.63 108.17 108.77 111.81 409069 [+ ‘11898 = 102.23 108.63 251.89 263.30 114.30 105.46 110.25
6.293 131.61 163.88 14873 14567 149.08 14873 - 15k84 13598 15561 183.88 333.12 157.08 141.44 14849
6.595 7446 9620 245 4443  85.01 436008 3873 7701 338  160.82 150.06 79.87 8592 73.14
9.612 100.19 3825 24.65 3474 40090 2518 2631 . 3271 1622 3676 4411 4398 3945 364l
11.629 6423  57.88 3828 5485 6292 J4000° . 4256 4729 3224 6078 7287 6845 63.55 61.08
11.906 6141 770 376 000 680 0400 000 631 000 925 734 861 1648 7.8
11.989 31.82 2095 0.00 000 000 0.00 000~ 000 000 000 000 000 000 0.00
18.545 265.52  243.00 289.10 276.52 27598 262.54 . 267.35 1» 258.84 279.21 28131 25423 26437 23727 25630
No of peak 74 63 35 42 46 38 {9 " LR 82 77 52 62 52

38

L
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Table 4.5 Library search reports of mangosteen extract analyzed by GC/MS

RT (min) Matching Compounds found % Match
6.94 Alpha.-Copaene 99
7.33 Trans-Caryophyllene 97
7.89 Valencene 99
8.04 Delta-Cadinene 99
8.15 7-epi-.alpha.-selinene 98
15.55 Trans-Farnesol 93
17.23 Phenol,2,2’-methylenebis| 6-( 1,1=dimethylethyl)-4-methyl- 95
23.26 2-(Geranylgeranyl)-6-meth§1- 1,4-benzohydroquinone 50
24.71 4-[.beta.-[p’-(DiFn butylamino)-p-stilbenyl] vinyl]pyridine 90

1
|

" |

4.4.2 The Effect of Temperature for Cléan up

Using temperatute t@ removed mai‘ﬁx interference by freezing out. The extract

after cleaned up was freezed at iOdC over;i;gﬁt and centrifuged at low temperature -4
°C the results were shown'in ﬁgure 4. 10‘r i‘l}@ results showed some precipitate in

tube’s bottom except the extract sampled affer d- SPE cleaned up with MCX showed

the clearest solutlon The clear solutlon 1njected to GC/FID chromatogram of MCX

which no prempltate- showed interference peak as the same chromatogram of PSA
which have precipitate,'the chromatogram were shown'in figure 4.11. The centrifuge
at the low and ambient’ temperatures showed quite the same chromatograms. The

chromatogram was shown in figure 4.12.
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Figure 4.11 Typical chromatogram of the extract samples after cleaned up and
freezed at -20°C overnight
(a) MCX cleaned up before and after freezing
(b) PSA cleaned up before and after freezing
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—d- SPE with PSA centrifuged at 25 °C
—d- SPE with PSA centrifuged at -4 °C

ples after cleaned up and

h as fatty acids and wax were
|

>nt. Five different dispersive-sorbent

types of primary secondary aminie (PS ), alt N, florisil, MCX, SAX were tested

- [ S— e = ¥ o e, e g

at 0.10 mg/Kg spi ‘cd;-----'---v-L—-u—i\ mina N and florisil worked

very well for removing s and wax in the matrix, theirs

recovery data were shown in table 4.6 and figure 4.13.
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Table 4.6 Mean recovery (n=3) data of 22 pesticides after clean up with 5 sorbents

Compound Sorbent Type

PSA AluminaN  Florisil  MCX SAX
Oxamyl 113 89 87 166 163
Methomyl 168 145 166 228 215
Carbofuran-3-OH 145 82 143 192 67
Carbaryl 104 226 88 106 121
Carbofuran 178 134 110 159 101
Isoprocarb 120 197 88 107 131
Fenobucarb 167 95 124 155
Methiocarb 126 ’ 97 150 141
Bendiocarb 1 / 80 114 138
Propoxur 98 116 117
Propham 9 — 102 115 97
Carbosulfan 84 3 0 23
Alanycarb 4 g 3 0 0
Benfuracarb 1 0
Omethoate 301 109
Methamidophos 86 96
Mevinphos 144 108
Dimethoate 155 150
Monocrotophos 230 217
Dicrotophos 193 179
Diazinon 47 82
DDVP 110 139

X
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Figure 4.13 Effect of sorbent types: Mean recovery (n=3), of 22 pest1c1de§‘é;ﬁiked at 0.10 mg/Kg and cleaned up with

PSA, alumina N, florisil, MCX;.,__SAX.
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4.5 The Study of Effect of Mixed and Weight of Sorbent

79

From tha data above, PSA, alumina N and florisil exhibited well for removing

interferences of fatty acids and wax in the matrix. PSA with effective sorbents from

QuEChERS method was combided with alumina N and florisil for study. Ratio of mix

sorbent was evaluated to the optimum quantity by using 3 ratios: at 25: 25 mg, 50: 50

mg and 75: 75 mg at 0.10 mg/Kg spiked level in 3 replicates. Ratio at 25: 25 mg of

both mixed sorbents gave the best recovery (range recovery data 60-120 %) of all

compounds the results were shown in table 4:7-4.8 and figure 4.14. .

Table 4.7 Recovery (R) data of mixed sorbent PSA: alumina N at various ratios
(25:25, 50:50, 78:75.mg)

Compound PSA JAlumina N & PSA: AluminaN  PSA : Alumina N
25 425mg 50 1 50mg 75 :75mg
%R SD. . %R SD %R SD

Oxamyl 83 2:80~"== 69 5.29 105 15.87
Methomyl 103 4382, 116 § "49.57 130 5.17
Carbofuran-3-OH 95 8.90 2105 12.77 133 14.20
Carbaryl 102 sSefipibs 11.13 123 425
Carbofuran 108 877 </ AR 12.83 136 3.09
Isoprocarb 96 16.83 84 2.35 91 8.76
Fenobucarb 94 15.43 86 ' 162 40.13
Methiocarb 96 25.89 70 19.84 86 11.21
Bendiocarb 91 2.32 93 3.20 97 5.76
Propoxur 82 4.52 97 3.14 101 4.60
Propham 90 0.87 98 9.13 111 18.58
Carbosulfan 90 28.43 135 5216 148 54.67
Alanycarb 54 43.59 45 25.14 137 94.57
Benfuracarb 82 15.57 114 2257 127 19.51
Omethoate 84 410 79 9.44 84 4.12
Methamidophos 72 2.26 78 2.93 78 3.53
Mevinphos 97 4.95 116 2.76 119 3.31
Dimethoate 107 11.54 112 3.77 133 14.85
Monocrotophos 95 5.38 104 8.25 105 2.52
Dicrotophos 89 1.88 105 3.47 108 3.45
Diazinon 86 9.94 97 9.15 143 13.87
DDVP 66 22.86 67 21.46 52 10.13
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Table 4.8 Recovery (R) data of mixed sorbent PSA: florisil at various ratios (25:25,

50:50, 75:75 mg)

Compound PSA : Florisil PSA : Florisil PSA : Florisil
25:25mg 50:50mg 75:75mg
%R SD %R SD %R SD

Oxamyl 75 2.58 84 11.95 73 9.76
Methomyl 99 6.47 122 8.80 116 4.73
Carbofuran-3-OH 93 6.93 20 21.15 122 19.05
Carbaryl 122 3.87
Carbofuran 130 3.84
Isoprocarb 89 1.24
Fenobucarb 101 6.20
Methiocarb 75 5.73
Bendiocarb 85 1.46
Propoxur 91 2.74
Propham 75 5.91
Carbosulfan 68 1.17
Alanycarb 105 16.48
Benfuracarb 94 11.61
Omethoate 80 3.71
Methamidophos 74 1.95
Mevinphos 116 8.32
Dimethoate 120 5.78
Monocrotophos 106 3.64
Dicrotophos 99 2.26
Diazinon 85 15.00
DDVP 65 14.81
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Figure 4.14: Extraction efficiency of mixéd sorbents and theirs amount employed.
Mean recovery (n=3) of 22 pesticides spiked at 0.10 mg/kg and
cleaned up with the mixture of PSAT alumina-N (a) and PSA: florisil
(b) at 3 levels.

4.6 Study of Effect of Mixed Sorbents in Term of Precision

The data obtained from the mixture of PSA & alumina-N and PSA & florisil
sorbents were evaluated in term of precision at 10 replicates and 0.01 mg/kg spiked
level. PSA and alumina N mixed sorbents gave higher precision at RSD 5.98-25.52
%, where PSA: alumina-N (25:25mg) and RSD gave 4.74-39.08 % for PSA: florisil
(25:25mg) mixed sorbents. The precision data were shown in table 4.9 and 4.10.

Mixture of PSA and alumina-N gave good precision at mixed ratio 25: 25 mg so it
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was proved to be very good for cleaning up to remove the interferents of mangosteen

matrix

Table 4.9 Accuracy and precision data of 22 pesticides at 0.01 mg/Kg spiked level
(Mean, SD and %RSD) treated by PSA: alumina N mixed sorbent (n=10).

Compound % Recovery Mean SD % RSD
1 2 3 4 5.6 7 8 9 10
Oxamyl 67 67 74 74 74 /55473 79 58 39 66 1214 1839
Methomy! 9% 131 81 79 60 G167 67 64 8 8 2100 2552
Carbofuran-3-OH 127 104%9105121 85 12411449 85 90 100  23.88 23.79
Carbaryl 100 90" 8381 90 - 8 105 81 60 103 88 1324 15.06
Carbofuran 140 100 0% <106/ 117 98 96 119 112 109 110 1303 11.83
Isoprocarb 120 46 a4/ 112 125 119 115 108, 94 90 111 1121 10.07
Fenobucarb 128 ogf 103/ 117 107, 100 108 89. 106 101 106 1071 10.13
Methiocarb 133 1230 136 f110 0 18 98 94 110 96 111 1241 1119
Bendiocarb 144 104 dog’ 1220123012 1261 124 96 104 116 1414 1216
Propoxur 100 101 116 93,7 86 80 83 104 84 74 92 1297 14.09
Propham 98 104 98 468 79 1 760 85 59 5579 1684 2124
Carbosulfan 102 83 81 94 84 8676 87 85 8 8 734 854
Alanycarb 0 w00 0 o 0 oWme 0 0 0 0.00  0.00
Benfuracarb 92 | 8290822769 67~ 92 8 8 1199 1385
Omethoate 120 74 88 8 119 79 8 67, 84 95 90 1756 19.58

Methamidophos 81 77 78 8 70 71 73 74 70 70 75 445 5098

Mevinphos 102 ; 83, 824 #0608, ; 73y =105 ;87 , 102..63.. 75 84 1491 17.76
Dimethoate 1040 113 2100 1100 941 1837 11057 86 | 6700 98 97 14.66 15.11
Monocrotophos 100 84 83 904 8 78 8 79 75 8l, &4 7.15 848
Dicrotophos 105/ %97 1 937 92 1 78 " /88 | 86 188 - 81| 186 -89 7.81 8.73
Diazinon 91 78 71 73 74 8 75 81 79 70 77 6.14 796

DDVP 112 89 102 90 8 72 83 80 &1 74 87 12.29 14.14




83
Table 4.10 Accuracy and precision data of 22 pesticides at 0.01 mg/Kg spiked level

(Mean, SD and %RSD) treated by PSA: florisil mixed sorbent (n=10).

Compound % Recovery Mean SD % RSD
1 2 3 4 5 6 71 8 9 10
Oxamyl 53 26 74 88 8 21 66 81 78 56 63 23.95 38.01
Methomyl 75 50 67 62 80 31 47 56 66 66 60 14.44  24.06
Carbofuran-3-OH 66 54 77 87 @794 91 99 66 58 114 79 18.98 23.99
Carbaryl 126 70 95 106 95' /754 72 80 59 102 88 20.32 23.09
Carbofuran 55 71 7079 88 9610697 94 99 86 16.15 18.89
Isoprocarb 95 1039103108 82 77079502 84 82 92 10.57 11.47
Fenobucarb 99 58 8087 41020 96 7783 87 88 86 12.65 14.76
Methiocarb 112 143 490,104/ 102 108 105119 108 97 112 1445 12.86
Bendiocarb 74 48 400 13 69 110 108 109 91 94 2244 23.92
Propoxur 121 104 100/ 27 105, 102 17 93, 98 96 106 1143 1075
Propham 222 12417 f106 74 ";, 114 98 109 88 62 111 4341 39.08
Carbosulfan 67 73 473 F 80,83 5704 B85 | 84 8 87 79 736 9.34
Alanycarb 0 0 0 0 0 .40_. | 0 0 0 0 0 0.00  0.00
Benfuracarb 67 55 B9 ;B0-..75.550 , 84 85 108 101 77 18.99 24.82

Omethoate 87 64 10079 62 7068 78 76 98 T8 1327 16,97
Methamidophos ~ 11578 78 70 60 62 68 65 /68 66 74 1533 20.74

Mevinphos 86 | ~7076 93 8 BI S5I 786y 73 8 78 1189 1517
Dimethoate 85 T27 112 91 115 56 81 6% 86 95 9 2222 2436
Monocrotophos 77 72 76 88 77 72 88 82 70 83 79 6.50 8.28
Dicrotophos 80, | Ay AL o8y 1 A% A a 80, 1 A8 84 80 T8 368 474
Diazinon 76-0 01 @2 1 06’ 931 ©si 1104’ 1100 107 107 98  10.59 10.79

DDVP 104 88 91 854 81 84 8 9 98 8y 90 7.60  8.50
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4.7 Method Validation

The performances of method were studied at concentration range from 5-125
png/L. Standard calibration curve was used to determine analytes concentration in
matrix-match standard to compensate matrix effect and interference. The coefficient
of determination (R?) for all compounds was shown in table 4.11 and appendix A. The
propuxur obtained was low coefficient of determination (R?) as shown in figure A-10
appendix A. The limit of detections (LODs) was observed at lowest calibration level
(LCL) spiked level 0.005 mg/Kg in 10 replicates, The chromatograms were shown in
figure 4.15. The accuracy and precision data“aispiked level 0.01, 0.02, 0.05 and 0.10
mg/Kg and ten replicates were.shown in table 4.11. Working range of method was
0.01-0.10 mg/Kg. The validation data of 20 compounds obtained demonstrated good
method performance with satisfactory recovery and RSD range from 0.01 - 0.10
mg/Kg and proved to be accurate and precise since 0.01 mg/Kg spiked level as well as
the limited of quantification (LOQ). This method can be analyzed for 12 compounds
of carbamates and 8 polar organophesphates, expected 2 compounds as alanycarb and

propuxor having low recovery and low coe_fﬁéient of determination (R?), respectively.
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Figure 4.15 Chromatogram at spiked level 0.005 mg/ Kg of carbamate and polar
organophosphate (LOD)
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Figure 4.15 Chromatogram at spiked level 0.005 mg/Kg (LOD) (continued)



Table 4.11 Performance of the method obtained for pesticide residuess in the

mangosteen matrix.
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Pesticide

The performance of method

0.01 mg/Kg

0.02 mg/Kg

0.05 mg/Kg

0.10 mg/Kg

. LOD  LOQ
*R 9%RSD *R 9%RSD *R 9%RSD *R 9%RsD (M¥KY)  (My/Kg)
Oxamyl 09609 66 1839 134 1994 83 1584 76 1058 0005 0.1
Methomyl 09773 82 2552 90 2548 90 771 101 632 0005 0.0l
8§b°fura“'3' 09921 100 2379 75 /2215 78 1299 88 7.2 0005 001
Carbaryl 09339 88~ 1506 98 ~A714L.98 801 94 1605 0005 0.0l
Carbofuran 0.9749 4101183 101 1959101 7.82 98 7.0  0.005 0.0l
Isoprocarb 0.9662 111 1007 108 9.05 75 2442 87 501 0005 0.0l
Fenobucarb 09711 109 1044 199, 1950 83 9979 106 1246 0005 001
Methiocarb 093964 11 M 49" 05 1266 78 1345 89 923 0005 001
Bendiocarb 09911 M16d 216" 18;" 11,55 75 2298 93 1100 0.005 0.0l
Propham 09559 79 (2124 (113 898 79 1886 88 934 0005 00
Carbosulfan 099184 864 854 “89 7_*.9.5_8 108 3106 70 650  0.005 0.0l
Benfuracarb 09849 87 L1385, 76 -:;1.9?96 74 1558 75 1052 0005 0.0l
Omethoate 0.9947 90/ 19:58 68 'J.;é:é;g.g 76 1498 76 881  0.005 0.0l
Methamidophos ~ 0.9887 75  5.98 63 F23 70 603 69 354 0005 0.0l
Mevinphos 09343 847 1776 75 1674 W02 1315 78 646 0005 001
Dimethoate 0.9847 07 —t5cit—07——1996—81—1501 100 1041 0.005  0.01
Monocrotophos ~ 0.9936-1 84 848 80 730 89 -7.02 81 375 0005 0.0l
Dicrotophos 0.9963° 89 873 104 755 93 902 93 513 0005 0.0l
Diazinon 09773, 77 796 82 K7 85 2067 93 597 0005 0.0l
DDVP 09701 187 14114 | 73| 301 (95 864 ¢ 93 728 0005 0.0l

*R Mean recovery«(ny= 10)



CHAPTER V

CONCLUSIONS AND SUGGESTIONS FOR FUTHER STUDY

A modified QUEChERS procedure was proved to be satisfactory for the
extraction of carbamate and polar organophosphate residues in whole mangosteen.
The optimum method employed acetonitrile added with combination of salt
magnesium sulfate and sodium chloride fand. sodium acetate buffering agent to
induce liquid phase separation as well as stabilize acid and base labile pesticides.
Five sorbents such as PSAyAlumina N, Florsily*MEX and SAX were suitable for
mangosteen matrix, MCX sosbent provided most clear colour but recovery data was
not good in recovery studied as SAX. sorbent. PSA, Alumina N, Florisil provided
good recovery but not best recovery for all compounds, then, three solvents were
evaluated in mixed sorbentg‘with ratio 1:1"and evaluated in term of weight of sorbent
at 25, 50, 75mg. PSA and alumina-N in f@tJiO 25 : 25 mg showed better result than
PSA and florisil mixed sorbents in term of ‘precision data. PSA and alumina-N
mixed sorbents in ratio 25: 25 nmig (1:1) W:éfe_ used as dispersive mixed sorbent to
clean-up the polar interferences and fatty;aéijfi-.is in the mangosteen matrix. The
validation data demenstrated good method fﬁ_e'fjf_o'rmance with satisfactory recovery
range from 66-116 % and RSD 9-26 % for catbamate and recoveries 75-97% and
RSD 5-20 % for polat organophosphate. The limit of detection (LOD) was 0.005
mg/Kg and limited of quantification (LOQ) was 0.01 mg/Kg. Range of method were
at 0.01-0.10 mg/Kg. When thé method was:afialyzed in optimized condition, details
were as follow:

7. Weighed: 10g of homogenized.mangostecn were weight into S0 mL centrifuge
tube.

8. Spiked: Mix standard were spiked into sample. The tubes containing spiked
samples were vortexed for 30 sec and left standing for 10 min to allow timing
for pesticides interact with matrix.

9. Add extracting solution: 10 mL of acetonitrile were added into spiked sample.

10. Extraction/Partition: 4g of anhydrous MgSQOs, 1g of NaCl and 1g of anhydrous

sodium acetate were added into centrifuge tube.After that, cap tightly and mix
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on vortex mixer immediately for 1 min. then centrifuged the extract for 10 min
at 3500 rpm.

11. Cleaned up: 1 mL of the upper extract was cleaned up with mix sorbent
between PSA:Alumina N (25:25mg) After that, cap tightly, shaked and vortex
30 sec then centrifuge the extract for 5 min at 10000 rpm.

12. The clear extract was transfered into 2 mL amber vial for inject LC-MS/MS

and quantitative analysis by bracketing calibration curve.

The method is safe and quick’ for simultaneous determination of 20
compounds of carbamate and polar organophosphate residues in mangosteen with
QUEChERS method Which stands for quick, easy, cheap, effective, rugged and

safe.
Quick

* The method was streanilined extensively by avoiding or redesigning
various incomvenient analyticzil sfeps such as clean up with LLE or SPE
and pre concentration 'step fh%t “complicate traditional multi residues

method. : J = "

= Carbamate and polar organopheé—phéte residues can analyzed in the same
instrument-and analysis in qualitative and quantitative in one run, which
different that conventional method carbamatc analyzed by HPLC/Post
column derivatizer (pickering) or LC-MS and organophosphate analyzed

by GC/FPD,

Easy

= Asingleyperson performed the method without much training or technical

skill.
* The method can be done in a small mobile or field laboratory.

» The method avoided glassware and cleaning and storage and rinsing.



Cheap

Effective
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The method was used very little glassware, the mixing on vortex mixer
rather than blending. The extraction/partition procedure was performed in

a sealed centrifuge tube, which was the only item to be cleaned or reused.
The method needed very little bench space.

The reagent costs in the method were not so expensive.

The little devices were needed to'carty out sample preparation.

No special equipment needed for extraction such as rotary evaporator, and

manifold for SPE-¢lcanup

Time, labog@nd expense were saved.

)
High recoveries Were_aqhievedf-fot a wide polarity and volatility range of
pesticides such as carbamate and polar organophosphate.
The cleanup step Wwas consi‘c__iéfaibly simplified by introducing the
dispersivesSPE approach, in which the SPE material is simply mixed with
a portioﬁ of the extract without dilution of the extract and better cleanup is

obtained.

The method sneed no concentrating by rotary evaporator or nitrogen
evaporator, - thus, reduce | 'contaminating from glassware and cross
contaminate of sample evaporated. And no evaporating of extract to
dryness,, that can avoid lostin this way.

Analyzing carbamate and polar organophosphate residues in mangosteen

by LC-MSMS analyzed for qualitative, quantitative and confirmation in

one run at default MRL 0.01 mg/Kg.



90
Rugged

* The method was quite rugged because extract cleanup was done to remove

organic acids from fruit and vetgetable.

= The selectivity of the partitioning step has been optimized by addition of
salts and further selectivity is achieved with cleanup using PSA and

alumina N mixed sorbents.

Safe

* The acetonitrile was added by dispenser to an unbreakable vessel that was

immediately scaled, thus mifﬁmizing solvent exposure to the chemist.

= Solvent usage and waste were very small and no chlorinated solvent were
used, which*wassaf€ 0 the environment.

A
This method detefmined ‘pesticide tesidues in mangosteen such as carbamate

and polar organophosphate by LC-MS/MS‘.j;Téndem mass (MS/MS) was operated in

multiple reaction monitoring mode with the most two sensitive transitions used for

both quantification and confirmation. Addit’i.o_ﬁg;lly, the work can analyzed residues at

low concentration Jevel of 0.01 mg/Kg which is compliance to the benchmark

parameters of Directive EC 396/2005. This study can also be extended to detect other
pesticide residues in mangosteen, especially for compound analyzed by GC such as
pyrethroid, endesulfan.and-Othet organephosphates menitoring for Thailand export.
The QUEChERS ! technique provided cheap'and effective method for analysis at trace
level and could be further applied With other matrices or analytés/such as pesticide

residuesiin durian, antibiotics in animal.fissue and imycotoxin in ecreal.
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APPENDIX A

A. Matrix Matched Standard Calibration Curve
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