4

FIHUNANIUTIUANNINARBNFUER

v v

BLAZIUIITNINTIVERUNENITTUTBIRsIUTITEN TN ERLAL FUAT Y

)

1. BAUIUIRY

(% % % I

2. lasansidy s Wewagiauszuunsnslinsgiansivanmeesaslesiuidndagity

fanssu L WUNATANITIRTIERaN T EANANLNBRLALAINN TR aIUURNTS

Aanssudae (A1) : -

3. Fomsvaang C AINAIUILAZATIAEUAULTLATD9ITN1TRTIAIATIZRAITHYANAIVDY
(nenlne) chiral pesticides 6 wiatunzaing Ingldneduiiifiinuanizianzasiumede
lawmeseosuuuganialasuiinni-unuediugauninsnsii (high
performance liquid chromatography tandem mass spectrometry)
Fonrsneaas : Development of multi-residue analysis method for 6 chiral pesticides in
(MENDING ) mango by chiral column chromatography coupled with high
performance liquid chromatography tandem mass spectrometry
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PNAINYS HHUR ADITYNAIUITIFYNITHAANIAITLAEYAS

5. UNAnNgD

¥
av A £ a

NUITIULAUDITAAUILALATIAADUAITHYANAY chiral pesticides 6 GHn (benalaxyl,
difenoconazole, fenamiphos, indoxacarb, paclobutrazol L& ¥ quizalofop-ethyl) Tusigii9a2e
watlalamesnasuuuganinlasulnasd-ununuuugaiunlngns il lngldaeauil amylose chiral
stationary phase (i-Amylose-1 column) A1e1l@ gradient elution S£%114 acetonitrile AU 2 mM
ammonium acetate luth lumsmadiauaz3unaensfivangns chiral pesticides Tunzais afashegng
#8738 QUEChERS (EN15662:2008) wae cleaned-up medgaduraads 91nn1snsivasuasildlives
FhemeiiiauazUSinasfiuand chiral pesticides 1 6 ¥in frnadevesnisnduiusglutasdos
a2 80-103 Fsimnudosuuresanadeliiiu 11 Tas15A009n159519NU WINAU 0.002 me/kg wae

[ [

YnInveIN1TIgIUIa (LOQ) Wity 0.005 me/ke wonannd ladnisAnwAandsaes Usenauie

a 6 1
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Abstract

The objective of this work is to study an appropriated enantioselective method for 6 chiral
pesticides determination; benalaxyl, difenoconazole, fenamiphos, indoxacarb, paclobutrazol and
quizalofop-ethyl in mangoes by high performance liquid chromatography tandem mass
spectrometry (HPLC-MS/MS). The residues of chiral pesticides in mangoes were extracted by
QUEChERS method (EN15662:2008) following cleaning up with solid phase extraction (SPE).
Separations of the chiral pesticides were performed via an amylose chiral stationary phase, i-
Amylose-1 column, under gradient elution using a mixture of acetonitrile and 2 mM ammonium
acetate in water as mobile phase. Under optimal conditions, mean recoveries for all studied
analytes were ranged from 80% to 103% with the relative standard deviations (RSD) less than
11%. Limits of detection (LOD) for all enantiomers were 0.002 mg/kg, while limits of quantification
were 0.005 mg/kg. In addition, parameters including the specificity/selectivity, matrix effect,
accuracy, precision working range and linearity were also investigated. The results of method
validation confirmed that this developed method is reliable for determination of 6 chiral
pesticides in mangoes.
6. AU

A A

Turanasseniiuin nsldanslosiuuasidndn vl duinguiEos g @95osas 30 989

Y

msldanstesiumdndngiiviu WJuarsuseneu chiral w5e chiral pesticides Tunsguiunisudn chiral

pesticides uuazduansuanves enantiomer N3N racemic mixture YDIANTTU Tun1susziuuag

[
a = Ao a

fansannaantfvesans chiral pesticides 9 Fafidnwazieniu achiral pesticides usognslsiniu e

1 = wa 1 N

finrsaunlaseaine sterecisomer umnAnaiuYosaITUTENOU chiral Wuin e19danaiinuan e i
LANAIAY LYY qm’émq%amw (bioactivity), A3HL Ui (toxicity), Linuadds (metabolism) Lay
N3EUIUNISASEAES (degradation behavior) tudu fafu A1swau1IIEN15AT293LA 89
enantiomerselective 484 chiral pesticide agyinlladayalunisnsiriiaszvivliauazusuia chiral
pesticides ﬁgﬂéfaq Feilnaron1susudupuidsreduindounazmulasndovesdiueinis (Li X,
et al., 2011)

High performance liquid chromatography tandem mass spectrometry (HPLC-MS/MS) W
wadandefildlun1sWauin15n53931A3199 enantiomerselective 984 chiral pesticides nneld
stationary phase #1199 19U cellulose, cyclodextrin waz amylase Uy 31nMTNUNINISINTTUTBS
AN90TI9IATIERASREANANY chiral pesticides Tufag1wfinsneg wud1 Aedwutfid amylase tris (3,
5-dimethylphenylcarbamate) Lﬂuﬁaqm%’uﬁmmmmaﬁﬁmezﬁ%ﬁﬂLLazU%mmmiﬂwmﬁw chiral

Y

pesticides lapgnanainuaty astu Tunwideil Jadenaedutdsinanuilglunsiauilarasiadeu



ANUlElATD9ITN1TRTI9AT TR TREANAI9BY chiral pesticides 6 BNz (Yaunbo L., et al,,
2013)

uzai [unalifvnAuldiouasiinsugaluihmnanavesdsemedlng fnsfnwindenuide
se93uduruinn fiwansideuasmsfunuysslomnineguain 1wy Pganmdeswesniiialie 3o
Pavvzaniy uzaiedneglundundn 006 naliiwnounasfuunfoudiiudenuslaalild (assorted
tropical and sub-tropical fruits-inedible peel) uaﬂmﬂﬁmzmaﬁmmamQaawdwﬂ%mmmamﬁmwiaa
Putsinaanudosnisvesuilng uasiinsimunauaaisansyaionananldnaontd faifu uzsieds
Hushedidiesenininiaddesely (Paul M. G., 2009)

nsmsrapuaallivasifieggy (method validation) ilunszuaunisinatiuniendsnis
i Ufuuss viedauladiBlvimngaufuiodisidesnsiinsei uavilgasavsneiiiouandiiiuin

ad A o d’{ gj a o a ¢ v % n’d'gj Y o [ gj
ToneaeunimundusnuumngaunazilUldlunmsiinssiieliussqinguszasanasly dmsudunou

L4 [ 1

Tunisnsrvasumaldldvesdsmsnsiaiinesifisonisivinsfigalnudnuay dieq Téun A
LWITLR1Ea9 (specificity/Selectivity), 9290890151897 (working range), A1 duLdunse (linearity),
AINYNABY (accuracy), AaLiEs (precision), nTnveITBIIAUAN (limit of detection, LOD) Uag
P invesisiBeuSunas (limit of quantification, LOQ) tufy (#iwassed, 2549)
7. ABandung
7.1 @il

1) @15u1m5§1U chiral pesticide 6 ¥iln lAun benalaxyl, difenoconazole, fenamiphos,
indoxacarb, paclobutrazol Wag quizalofop-etyl

2) acetonitrile (AR wag HPLC grade)

3) ethyl acetate (AR grade)

4) ammonium acetate (CH;COONH,)

5) 11 (HPLC erade)

6) magnesium sulphate (MgSO,, anhydrous)

7) Primary Secondary Amine (PSA)

8) sodium chloride (NaCl, AR grade)

9) sodium hydrogen carbonate (NaHCOs,)

10) sodium sulphate (Na,SO4, anhydrous, granular)

11) di-sodium hydrogen citrate esequihydrate (C4HgNa,O7¢1.5H,0)

12) tri-sodium citrate dehydrate (C4HsNaszO+2H,0)
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Figure 1 Chemical structure of studied chiral pesticides, *chiral center (Elin M. U., et al., 2012)

72 nseilauwargunsal
1) fegnuziinTalinuasiennAe chiral pesticides 13 6 iln

2)  A30uMTilaenee) WU autosampler vial Tntnas VIALA WINUTVUTLINT LAz
¥ @ 2V
LAIAUENT bUUAY

3)  waea centrifuge YUIA 15 wag 50 mL

4) w3estmefion 2 Fuvtaway 5 A

5) micropipette ¥u1m 10-100, 100-1,000 wag 500-5,000 pL

6) syringe filter, PTFE 0.2 um

7) Lﬂ%@ﬂﬁ@hﬁ@ﬂﬂﬁﬁ@ﬂﬁ lAWA nitrogen evaporator, centrifuge, ultrasonic bath,

freezer (-20°C) kay LAIBIVUMIDENG

8) meaull Lux 5 um i-Amylose-1 (amylase tris(3, 5-dimethylphenylcarbamate))
YUIR 150 x 4.6 mm



9) A3DIRTIIIATIEN high performance liquid chromatography tandem mass

spectrometer (HPLC-MS/MS)
73 nsAnwansiivmnzanlunisiesizdasiivandns chiral pesticides s 6 ¥ia Tng

wWALA HPLC-MS/MS

npdeulAEN1TLATENAISURI§IU chiral pesticides 111 6 wila fienandudu 1.0 pe/mL
T AAT s madla HPLC-MS/MS daudseaniiu 2 @ fe

1) @u high performance liquid chromatograph AnwtintazANULTUTDe buffer
g Wieldiduasazanesin (mobile phase) giu acetonitrile, gamainedut waz Usunaansi
an (injection volume) IngLn3edasazaneuInIgIuTI (mixed standard) ¥esan3fiumNA19Y04 chiral
pesticides 11s 6 ¥ilnTinIuuTy 1 ug/mL Badirdes HPLC-MS/MS fidn1azsned waziUdsusiiausn
ailalun3msI93n (sensitivity) wag Retention time (RT) 90385 AuANA9 6 ¥in

2) @7U mass spectrometer fnwn precursor, product ion 1, product ion 2,
fragmentor wae collision FiunzaueIaIsRivnnf1aves chiral pesticide urazviin lauinTou
A158¥a18UMIFIUVBY chiral pesticides uonusiazyiln W 6 ¥fiafienadudy 1.0 pg/ml dadedes
HPLC-MS/MS fidniesingg uasiSeuifiou sensitivity vesansiivnndausaseiln wdantu iwdey
d15a¥a"8 mixed standard ves chiral pesticides 11 6 fiaftruudu 1.0 pg/mlL dadia3es HPLC-

MS/MS 3nAs9 bia@n® dwell time Mz as

7.4 A9w3EURI9E (Sample Preparation)

1) usiewaziUdanuzinalesldlulasiauvaiwazuadlswnsestusiodgs viulin

2) ajm%’ﬁaashamaha 10 ¢ lunaen centrifuge WA 50 mL ieafadieg9iies
QUEChERS ag ethyl acetate el
2.1) 75 QUEChERS (EN 15662, 2008) @finfieg1amae acetonitrile 10 mL wwendu
a1 1 U9l WAL MgSO, 4 g, NaCl 1 g, CeHsNasO7+2H,0 1 ¢ way CeHgNa,O+1.5H,0 0.5 ¢ waawweiu
a1 1wl 1l centrifuge feA1U57 4,000 seumeu Iy Wwaan 5 und mﬂﬁfu@mmiazma 5 mL
Tdnaan centrifuge YuA 15 mlL 715l MgSO, 750 me wag PSA 125 mg wendwaan 1 wiit dily
centrifuge fiANU3250U 4,000 souseun? Wunan 5 wift wdinsesansazanediléeae syringe filter 1d
VILfITUIA 10 mL gaansazaneiild 500 pL 1d autosampler vial WiediaserivinuazU3unnasie
AnAwea chiral pesticide 11 6 wiadely
2.2) 7% Ethyl acetate (Tuija P., 2007) a@finfid9e19918 ethyl acetate 20 mL Lugin
Wunan 1 undl Wiy NaHCO; 3 g way Na,SO, 10 ¢ wenduan 1 undl wazihly ultrasonic Wi 3 w1l

Wa2 centrifuge AI8A1UL5T 4,000 sEURDUY WuLaT 5 W1l 31Nt nSeESAYaNeNlARIY syringe



filtter TdnaALAIvUIA 10 mL gaansazarefils 500 pl 1d autosampler vial wazidaliursioiaTos
nitrogen evaporator k&3LAY acetonitrile 500 pL LiedinsviilauarUSunaasivandaves chiral
pesticide W 6 viasield

3) Wisuifieuiinisatadaegns Iae spiked samples finanududu 0.005, 0.05 way 0.5
me/kg Aududuaz 3 91 afnfiet19dae35 QUECHERS uay ethyl Acetate W&R539TLATIZRAE
madla HPLC-MS/MS fuanifosasnisnduiiu (%recovery) wasansivandns chiral pesticides s 6
wile

7.5  msnmadeunuldliveswesisiingzi (method validation)

Anwiminusdney (key parameters) lunisnsasauaulylaveisiiesiznasiuanang
chiral pesticides 713 6 %l (Eurachem, 2014) Ta83% QUECHERS (EN 15662, 2008) léur

1) ANUENIZI1ZA (specificity/selectivity) l@3guansazas matrix blank way spiked
arsumsguluasazats matrix blank finandudu 1.0 pe/mL $1uru 3 41 (n=3) ud A gsidae
mnAfin HPLC-MS/MS iel3eudioy chromatogram 984 matrix blank iU spiked matrix blank

2)  HANTENUVDUNNING (matrix effect) naaouiaudutuvesaIsuInsgIu 0.002,
0.005, 0.05, 0.1, 0.3, 0.5, 0.7, 1.0 way 1.2 ug/mL Tudavinazany acetonitrile Wag @sazany spiked
matrix blank panaduduay 3 91 Weadesnsmuduiudiuieudlousswing standard calibration in
solvent AU matrix matched calibration %1 slope Wag3LASIEY signal suppression/enhancement

(SSE) muiaunnsfl (1) (Xinzhong Z., et al., 2014)

slope matrix match calibration -
SSE = — auni1sn (1)
standard calibration in solvent

3)  AUWLY (accuracy) wazAATles (Precision) naaeulnenis spiked samples 7i 11
sesumududu faus 0.005 8¢ 10.0 me/kg litforndn 8 SrdesziuaudLTY (N=8) udatnsethg
\ensadiaseisnemaia HPLC-MS/MS

3.1) AU %recovery UBIENTNYANANN chiral pesticides W 6 8in Adunsh

(2) WoNTIVEDU accuracy

%Recovery = % x 100 aunsii (2)

We  x, = ANUNTuYesEnsdNaslufiogaingiany (me/ke)
Xo= ANUNTUTDE157IR51aNUTU sample blank (me/ke)
v v A a o !
€ = ANUIINTUVRIANTTIANASI U981 (mg/ke)
2.2) ANUIUSPUAYAINLUELUUYDIANLRAY (%RSD) MUENNISN (3) WaUseiiu

precision

%RSD = %D X 100 aumsi (3)



do X = Awadeanudutuesansludiegnaiiliasizild
SD = Andsauunasgiuvesnuduturesanslusegaiiinseild
%RSD = SovavaruidosuuvasAiade
4)  929v03N15NAEaU (working range) way AuTUEUATS (linearity) vnns spiked
samples 71 11 seumududu daus 0.005 1 10.0 me/ke lifornin 8 diosziumududu (n=8)
wiafaieen iiensalnsgiemaia HPLC-MS/MS
4.1) AU accuracy Hag precision UOA1TRYANAYN chiral pesticides ﬁnﬂizﬁu
aududu ilensiageu working range
4.2) a$unsminsgiusenineududuresansiivandng chiral pesticides
spiked 1 6 v (Wnu ) fu ANUELTLTnsI9IAlE WA v) L'ﬁaﬁqfﬂﬁ linearity

5)  Yadnueen1TIateusunu (imit of quantification, LOQ) %1113 spiked samples

] v Y v 1

NazfuANUdNtua1ee waEiniedns ensiadnsgvmenaia HPLC-MS/MS &1 LOQ 1uAiaiu

v £% (I)

udushanuesansfivandng chiral pesticides ¥ 6 siaflanunsonnvinmesiviiald Feiigand 10
91 (n=10) Tnedl accuracy way precision agluinausisonsy
6) Tadrinvenisnsaany (limit of detection, LOD) thadeauuanasgIu (standard
deviation, SD) 94 LOQ Wa158d1 3SD Wag 10SD unUseliiuml LOD wazyinnis spiked samples finu
ddudandm 10 81 (n=10) udratadaegne Wieanvinnesidemadia HPLC-MS/MS
nauavan
I8 AAAL WAL 2560 - AUEIEU W.A. 2562

anuil: el fUAnInguawideansiiuanae nauidedngiiiunisinuns needdeimun

JATYNISHARNINITHAEYNT

8. wWan1sVAaBILAzITAl

8.1 msAnwianneimnzanlunisinsiziaisivnnéng chiral pesticides 1s 6 ¥ia lag
wAtA HPLC-MS/MS

MnMsAnIan 1 luNTIATERaNTIIRIE I 6 ia Aanadudu 1.0 py/mL Feiades
HPLC-MS/MS: Agilent 1200 HPLC tag Agilent 6410 Triple Quadrupole LC/MS-MS wWu21 an1ae
wnzadlunsnseiasziansiuanén chiral pesticides 1 6 wiin d51eazidonsail

High Performance Liquid Chromatograph

Column: Lux 5 um i-Amylose-1 (Amylase tris(3, 5-dimethylphenylcarbamate))
YUA 150 x 4.6 mm

Mobile phase: A: 2 mM Ammonium Acetate Tuth
B: Acetonitrile

Flow rate: 0.45 mL/min



Gradient Program:

Time
0.0
15.0
25.0
26.0
31.0
32.0
35.0

A (%)
94
94

94
45
45

Column Oven Control Temperature: 25°C

Injection volume:

Mass Spectrometer

lonization Mode:

Gas temperature:

Gas flow:

Nebulizer:

Sheath Gas Heater:
Sheath Gas Flow:
Capillary:

MS/MS Scan Parameter:

Benalaxyl

Difenoconaazole

Fenamiphos

Indoxacarb

Precursor ion

326.2
326.2
326.2
406.1
406.1
406.1
304.1
304.1
304.1
528.1
528.1
528.1

2 uL

Electrospray ionization in positive mode
250°C

11 L/min

35 psi

300°C

10

4,000 V

Multi Reaction Monitoring (MRM)

Product ion Frag (V)
294.1 100
148.1 100
91.1 100

337 80
251 80
188 80
234 120
217.1 120
202 120
218.2 100
190 100
150 100

B (%)

98

98

55
55

CE (V)

27
a8
10
20
40
12
20
36
10
28
20



Paclobutrazol 294.1 125.2 80 30

294.1 89.1 80 70
294.1 70.1 80 10
Quizalofop-ethyl 373.1 299.1 110 16
373.1 271.2 110 24
373.1 91.1 110 32

Wenadaudna1siiunnAg chiral pesticides ¥19 6 BlaNAMITNTY 1.0 pg/mL aeld
ANNTAMNIZEN WU @IN1TUEN peak TEWIN enantiomer VB9E151IMIFIU chiral pesticide 19 6
wiin 1699 Figure 2 Lazau130%1 enantiomer resolution (R,) Ua3@15WEnNANN chiral pesticides 914 6

BinldmuannIsfi (@) (Yuanbo L., et al., 2013) fauanslu Table 1

RT,—RT cs'
R, =2 (#) aun1sn (4)
W,+W,
e RT, = retention time of first-eluted analyte enantiomer
RT, = retention time of second-eluted analyte enantiomer

R, = enantiomer resolution

Table 1 Enantiomer separation of 6 chiral pesticides through i-amylose-1 column (n=3)

Analyte RT, RT, R,
Benalaxyl 13.30 15.03 0.87+0.01
(2R, 4R; 2S, 4S)-Difenoconazole 22.43 23.87 0.62+0.01
Fenamiphos 11.15 13.55 1.06+0.05
Indoxacarb 22.69 24.33 0.95+0.08
(2R, 3R; 2S, 3S)-Paclobutrazol 9.26 12.87 1.91+0.08
Quizalofop-ethyl 28.21 30.11 0.77+0.08

RT, = retention time of first-eluted analyte enantiomer
RT, = retention time of second-eluted analyte enantiomer

R, = enantiomer resolution



x10 5 |tESI TIC MRM CID@** (** -> **) Benalaxyl.d

3 (a)

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Counts vs. Acquisition Time (min)

x10 4 |tESI TIC MRM CID@** (** -> **) Difenoconazole.d

(b)

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Counts vs. Acquisition Time (min)

x10 5 |*ESI TIC MRM CID@™* (** -> ™) Fenamiphos.d

) (c)

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Counts vs. Acquisition Time (min)

x10 3 |*ESI TIC MRM CID@™" (** -> **) Indoxacarb.d
7 4

(d)

2 4 6 & 10 12 14 16 18 20 22 24 26 28 30 32 34
Counts vs. Acquisition Time (min)

x10 4 |*ESI TIC MRM CID@™* (** -> **) Paclobutrazol.d

) (e)

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 234
Counts vs. Acquisition Time (min)

x10 4 |tESI TIC MRM CID@™* (™ -> ™) Quizalofop-ethyl.d

) )

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
Counts vs. Acquisition Time (min)



Figure 2 Total ion chromatogram (TIC) of chiral pesticides; (a) benalaxyl (b) difenoconazole

(c) fenamiphos (d) indoxacarb (e) paclobutrazol and (f) quizalofop-ethyl
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8.2 msSeunisulsEanSN nYeslsannsingng

AnwwaztUSausisudumaun1sanaluni1siesienslawasUSuiuansiennaie chiral

pesticides 1 6 ¥HInA1875 QUEChERS Wag ethyl Acetate WU11 N1SILASIERA2875 QUECHERS &

recovery aglutiag 75-101% waz RSD Tuta 1-4% Feogluinasivensy Ae 70-120% uaz RSD<20%

(SANTE, 2019) @335 ethyl acetate i recovery agluya9 49-104% wag RSD lutag 1-14% fauansly

Table 2 aatiulun1snnasstandanldd’s QUEChERS Tunisasiadeuauldlawedis (method validate)

sald

Table 2 Recovery of chiral pesticide determination by QUEChERS and Ethyl Acetate Method

(n=3)
Mean Recovery (%) [RSD (%)]
Spike
(2R, 4R; 2S, 4S)- (2R, 3R; 2S, 3S)- Quizalofop-
Level Benalaxyl Fenamiphos Indoxacarb
Difenoconazole Paclobutrazol ethyl
(mg/kg)
Q E Q E Q E Q E Q E Q E
0.005 9121 92[9] 83[3] 68[r] 83[1] 74[7] 101[1] 85[10] 93[3] 73[4] 94[3] 104([8]
0.05 8921 e64f[1] 79[1] 62[4] 83[1] 65[1] 95[3] 77([3] 93[3] 74([3] 75[2] 57[5]
0.5 86[1] 65[2]1 80([3] 57[2] 85[2]1 70([3] 88[3] 66[3] 83[0] 71[4] 83[3] 49[2]

Q = QUEChERS Method

E = Ethyl Acetate Method

8.3 nsnsvaauAulYleveIsiAT1EY (method validation)

1) Aanuenzkanedl (specificity/selectivity)

HPLC-MS/MS 1Jumafian13nsa93ins e iiifiannuanizianzasgs wazilawseuiisy

chromatogram ¥84 matrix blank W& spiked matrix blank Fiaududu 1.0 ug/mL 971UU 3 91 (n=3)

WU dy10dued matrix blank Yaeunn Wieieududygiaues spiked matrix blank Asansly Table

3 uanalmdiuinlaifinnssuniuainansauludiegdunisiinsivsiansiunnAnewes chiral pesticide 119 6

YA AIUUITNITNTINATILILALRNIZLAZIIIUNITHTIIN

Table 3 Sensitivity comparison of matrix blank and spiked matrix blank at 1.0 pg/mL

Analyte

Response

matrix blank

spiked matrix blank

Benalaxyl

(2R, 4R; 2S, 4S)-Difenoconazole

Fenamiphos

Indoxacarb

(2R, 3R; 2S, 3S)-Paclobutrazol

Quizalofop-ethyl

not detected
not detected
not detected
not detected
not detected

not detected

5401695
14,204,231
4,822,932
99,244
1,211,723
1,228,876

12



2)  WANITNUVBLUNING (matrix effect)
911N158519n 319 ANUFLITUS WIB UL UTENIN standard calibration in solvent
iU matrix-matched calibration @131150%1 slope 9930519 wazi1lU3LA1z9 signal suppression/
enhancement (SSE) Wu11 slope ratio $¥1319 matrix-matched calibration AU standard calibration
in solvent 984 chiral pesticides ¥4 6 vineglurag 0.8333 fa 1 alaiiiu 10% ves 1 uansitnssden
standard calibration in solvent iU matrix-matched calibration uanaeiueg1eldddedAgyniaia
lwn3ngislaiinafanisnsraitaszilausuaves chiral pesticides W1 6 %iln (Xinzhong Z., et al.,

2014)

Table 4 Slopes of calibration curves and calculation of signal suppression/enhancement (SSE)

in solvent and in mango matrices, 0.002-1.2 pug/mL (n=3)

Analyte Matrix Slope y-intercept r? SSE
ACN 6.0x10° -9078 0.9999
Benalaxyl 0.8333
Mango 5.0x10° 54807 0.9999
ACN 1.0x10° 1377 0.9994
(2R, 4R; 2S, 4S)-Difenoconazole 1
Mango 1.0x10° 12406 0.9997
ACN 5.0x10° 7772 1.0000
Fenamiphos 1
Mango 5.0x10° 47007 0.9999
ACN 104,915 -244 0.9998
Indoxacarb 0.9360
Mango 98,158 1225 0.9997
ACN 1,000,000 3888 0.9999
(2R, 3R; 2S, 3S)-Paclobutrazol 1
Mango 1,000,000 16993 0.9999
ACN 1,000,000 -5117 0.9996
Quizalofop-ethyl 1
Mango 1,000,000 23596 0.9981

3) ALY (accuracy) kag ALTIE (precision)

NAIATIVIATIEAETRYANAN chiral pesticides W 6 il lu spiked samples i
11 szeumndudy daus 0.005 1 10.0 me/ke litforndn 8 desziuAuudy (n=8) Tnevadey
aududuay 2-3 9170 luths 3 Wew wuh

3.1) lunsasadeszduiauazUSinaasiivandsves chiral pesticides i 6
vila i1 recovery ogluts 80-103% Fsegluinasineonsuld (Sante, 2017) fauanaslu Table 4 wansin
3§3Lﬂiwxﬁ5ﬁﬂaﬂugﬂﬁaqLLajuEﬁqa

3.2) dlefuans RSD WU 150 93a3iAsgiians chiral pesticides 71 6 ¥l 3l RSD

agfluae 1-11% Feegnawinasgiungeusuld (Sante, 2017) wanaI1IsiATeniliiauies

4)  %19ve9nsNAEaU (working range) way AuLdwdunTs (linearity)
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MNMIATITIATIERESREANATT chiral pesticides s1a 6 oTin lu spiked sample
11 szdumnududu faus 0.005 F¢ 10.0 meske litfosnin 8 ssesiuaudLty (n=8) wui Tuns
n319 T ians chiral pesticides 14 6 wiin 1 recovery agluthsfivousuld dauansdlu Table 5 uans
11 MIN5ITIATIA chiral pesticides i 6 oTin Titresmsldailugaenmududu 0.005 1 10.0 mg/ke
doafansmiinesgiussninenaududuresansiivandisves chiral pesticides 7 spiked W 6 wia
(wnw x) AU erandadudingiadald (wnu y) wuin 10 1>0.999 fauanslu Table 6 Ssogluinasisnasgu

Avausuls Av r=0.995
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Table 5 Recovery of chiral pesticide determination (n>8)

Spike Mean Recovery (%) [RSD (%)]
Level (2R, 4R; 2S, 4S)- (2R, 3R; 2S, 3S)- Quizalofop-

Benalaxyl Fenamiphos Indoxacarb
(mg/kg) Difenoconazole Paclobutrazol ethyl
0.005 87 [6] 86 [5] 87 [3] 99 [6] 97 [4] 81 [11]
0.01 89 [4] 88 [3] 88 [3] 103 [5] 98 [6] 80 [6]
0.05 92 [2] 94 [1] 88 [2] 100 [4] 95 [3] 88 [4]
0.1 91 [4] 89 [4] 88 [5] 102 [3] 94 [3] 83 [3]
0.3 96 [6] 87 [3] 93 [4] 93 [2] 92 [5] 89 [4]
0.5 94 [1] 86 [3] 91 [2] 95 [5] 92 [4] 84 [3]
0.7 97 [5] 86 [3] 94 [4] 92 2] 93 [5] 88 [5]
1.0 96 [5] 86 [2] 92 [5] 93 [4] 92 [6] 89 [7]
2.0 98 [3] 90 [6] 94 [2] 93 [3] 98 [4] 85 [4]
5.0 94 [1] 87 [3] 91 [1] 90 [2] 94 (2] 85 [4]
10.0 89 [2] 88 [2] 86 [1] 92 [3] 91 [2] 83 [3]

Table 6 Characteristic to consider linearity of chiral pesticides determination (n=3)

Analyte Equation r* r Concentration (mg/kg)
Benalaxyl y = 1.0386x + 0.0028 0.9998 0.9999 0.005 - 1.0
(2R, 4R; 2S, 4S)-Difenoconazole y = 0.8583x + 0.0018 0.9999 0.9999 0.005-1.0
Fenamiphos y = 0.9274x - 0.0013 0.9997 0.9998 0.005 -1.0
Indoxacarb y = 0.9204x + 0.0041 0.9997 0.9998 0.005 - 1.0
(2R, 3R; 2S, 3S)-Paclobutrazol y = 0.9161x + 0.0011 1 1 0.005 -1.0
Quizalofop-ethyl y = 0.8814x - 0.003 0.9994 0.9997 0.005 - 1.0

5)  ARIANTBINITIATAUTHIA (limit of quantification, LOQ)
MNMIATITIATIZRESREANATS chiral pesticides 11 6 wila 1u spiked samples 7
Anutudusneg fuanslu Table 5 wuin anadudumaafiasnsonsaliezimuinaldedis
Qﬂé}’amammus‘hﬁ 10 81 (n=10) Wiy 0.005 mg/ke 3afiu LOQ
6)  AAIIAVBINITNTIINU (limit of detection, LOD)
MnmsUssiuandeuuinnsgIu (standard deviation, SD) 484 LOQ Wui1 chiral
pesticides W 6 adali LOD Wiy 0.002 me/ke Tnevinisnsiatnsievaiiauazansiuandns chiral

pesticides W 6 wilafinududy 0.002 me/ke 1A 10 87 (n=10) Fauansly Table 7
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Table 7 Detected concentration of chiral pesticides determination at spike level 0.002 mg/kg

(n=10)
Detected concentration(mg/kg)
n (2R, 4R; 2S, 4S)- (2R, 3R; 2S, 35)- Quizalofop-

Benalaxyl Fenamiphos Indoxacarb
difenoconazole paclobutrazol ethyl
1 0.0020 0.0017 0.0017 0.0024 0.0021 0.0016
2 0.0019 0.0017 0.0018 0.0025 0.0022 0.0013
3 0.0020 0.0017 0.0018 0.0025 0.0021 0.0014
4 0.0020 0.0015 0.0018 0.0023 0.0019 0.0016
5 0.0020 0.0014 0.0018 0.0017 0.0022 0.0016
6 0.0019 0.0020 0.0021 0.0022 0.0022 0.0016
7 0.0020 0.0020 0.0023 0.0025 0.0019 0.0018
8 0.0016 0.0020 0.0022 0.0021 0.0020 0.0015
9 0.0015 0.0018 0.0018 0.0022 0.0021 0.0014
10 0.0014 0.0017 0.0018 0.0023 0.0021 0.0012
Mean 0.0018 0.0018 0.0019 0.0023 0.0021 0.0015

9. agﬂwamsmaaaum%’alﬂuaLLuz
9.1 @jUnanInnaey
PMNNMINAULNATANITATIVIATIERENTRYANAN chiral pesticides 6 vlnlunziiigg
walln HPLC-MS/MS Tagldnoauil -Amylose-1 stationary phase a1els gradient elution ¥1ing
acetonitrile AU 2 mM ammonium acetate Iuﬁﬂﬁ?u ANN190UEN peak TENIN enantiomer YBIAT

13U chiral pesticides 719 6 Wi Useneaume benalaxyl, (2R, 4R; 2S, 4S)-difenoconazole,

fenamiphos, indoxacarb, (2R, 3R; 2S, 3S)-paclobutrazol Lbei& quizalofop-ethyl Taneluszazig (run
time) 35 wit ludumounisada Wau19In38 QUEChERS ddldvinsnseaeunuldldvesisinse
ilauazansiunnang chiral pesticides neldsauusaneg feil

1) specificity/selectivity wadia HPLC-MS/MS fiansianiziatsasgs waglinudmyayin
mimni’maamsﬁmaauﬁy’q 6 wilnlusioes blank sample Y831z

2)  matrix effect lifnasion1snradinseiiBasunames chiral pesticides 11 6 ¥in 39
anansoldansnmsgiidesly acetonitrile TunsyuTanails

3) accuracy fisgduaududy 0.005-10.0 me/kg 53 11 Arwdudu Anududuayld
Upunin 8 6;1;1 ﬁﬂ'%aﬁ'a recovery U8y benalaxyl, difenoconazole, fenamiphos, indoxacarb,
paclobutrazol Wag quizalofop-ethyl Tut9 87-98%, 86-94%, 86-94%, 90-103%, 91-98% way 80-
88% MNEINU Az precision WUIH RSD Tudd 1-6% 1-5% 1-5% 2-6% 2-6% Way 3-11% ANaIAU

il accuracy agluinaeigensu
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4) working range uag linearity U94a15WERNAY chiral pesticides W 6 ¥iln ag/luy9
0.005-10.0 mg/kg Inadan r>0.999

5) limit of quantification (LOQ) uaz limit of detection (LOD) 983813WEMNAIN chiral
pesticides W 6 wia WU 0.005 waz 0.002 mg/kg MUAINU

9.2  UBlAUBLUY

211A15R915u1gn3lAT9a519984 difenoconazole wag paclobutrazol Hu Wy
ansUszneutsaesiln &l 2 chiral centers ilwansusznausienann fanun 4 stereoisomers uslunas
AT ATERReRedul Famylose-1 T dnansausnansisaesiln Idiflessiinas 2 peak fat windl
Anudndudesuanunay stereoisomers U89 difenoconazole Wag paclobutrazol 8133 nJudosly

[y

ADALUNTANLRNIZIAZTTAD YY) [NLAL

PMNATATININATITAAITREANA9VN chiral pesticide 119 6 ¥faluuIdod luamise
s2yldin usiay peak 981 chiral pesticides usiazain W enantiomer o windesnsnsudeyadisnan

aﬂuﬁmﬁﬂmﬂSﬂﬂiﬁﬂmimﬁﬁﬁgﬂulaj NAUUDY enantiomer (non-racemic mixture) Y84 chiral
pesticides upaguinuNIAsIzRIEmALln HPLC-MS/MS neldaniizifennu uau3euiiuu retention

time wa1U13058Y peak Vodusar enantiomer L

10. msiwanuIdeluldusslev

10.1 NITWRAILNIBNITATIVIATIEN enantiomerselective U8saN5UsENBY chiral pesticides ¥
SLﬁléfsiTayJaﬁgﬂﬁaﬁumimaﬁmeﬁmiﬁwmﬁw Flimsuidnvugvedyaiansainfifag
HURMERELN

102 Wluldven135U0eUInIgIU ISO/IEC 17025:2017 voavinsUfjuRn1snqueuideansiiy

YY)

ANA1e NN Ingitunsinens nedldeiimundadenisudanianisinuns

11. Avauan (G13)

12. 1@na1581984

fimassas fetfor. (2549) uuUftRnismaaeumnugndeavesitiinTzimanilnevesUfuiinmiaen.
NSUINYIPNANTNITUNNE NTENTIATITUE.

Yuanbo L., Fengshou D., Xingang L., Jun X., Xiu C., Yongtao H., Xuyang L. (2013) Development of
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Figure 3 Matrix effects of chiral pesticides residue; (a) benalaxyl (b) difenoconazole

(c) fenamiphos (d) indoxacarb (e) paclobutrazol and (f) quizalofop-ethyl
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Figure 4
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