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Abstract This study was carried out to determine analytical method for the residual pesticide of new
fungicide pydiflumetofen in agricultural products using QUEChERS method with LC-MS/MS. In order to
optimize extraction method, recoveries of pydiflumetofen in agricultural products were calculated after
extraction using acetate-buffering (AOAC Official Method 2007.01) and citrate-buffering (EN 15662)
methods. Those were found to be 70-120%, efficiently, indicating that two methods were suitable to extract
pydiflumetofen in agricultural products. Purification of samples was used by different sorbents compositions
(25 mg PSA, 25mg PSA+25mg Ci5, 25 mg PSA+2.5mg GCB, 50 mg PSA, 50 mg PSA+50 mg C,; and
50 mg PSA+50 mg GCB). As results, recoveries ranged from 70 to 120% were found to be great under all
sorbents. However, recovery of purified pydiflumetofen using d-SPE tube containing GCB of 50 mg was
found to be low. That is because test pesticide, pydiflumetofen, was adsorbed to GCB removing pigment like
a chlorophyll and non-polar hydrocarbon compound. The matrix effect has been calculated to survey the
effect during ionization of the analyte in the MS detector. The matrix effects of the instrumental analysis
process were mostly low, but showed a moderate matrix effect in some samples of brown rice and soybean.
Finally, in order to analyze residual pesticide of pydiflumetofen in agricultural products, modified QUEChERS
method with LC-MS/MS can be applied. However, it is suitable to quantify amount of pesticide using matrix
matched standard calibration considering results of matrix effects.
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ZA9} ¥1FA FokS e R Millsl] 98 A= ety
Atk o] WHe Fio] g FHE AAF FHEFE

acetonitrileZ FZ38}2 7% A|F(hays, grains, feedstuffy=
£ acetonitriles st FET F HIFA Suidd
petroleum ether, dichloromethane ¥ n-hexaneg ©]-8-3}4]
ol Bl 31992 ™, Florisile ©]-83F chromatography %
o2 At HFEks EAATHMills et al., 1963;
Wessel, 1967). ©]% §71%17A] 5kS FAI8H7] flste 4to]
Z7F8 charcoals ©]-&-3F AARo] 7= %1 S (Storherr
et al., 1971), TSt 5449 FRS B4817] 1314 acetone
07 XNFEE =233 sodium chlorideE Z7}ste] i
vjo] g8 S =159 th(Wilkowska and Biziuk, 2011).
Luke et al. (1975)2 th¥3t GC system] A€]4d2 o]-&3}
o FA| P& HAsls e AFE AEselen, ol
Aeo] AA HrEef £A49 27| HAL Ut dE =

L

=2 bl R
Aaoh e A o= HEF 4 = GC-NPD 3 9
% & A

¢

ol

W B BEEHA A o] 7Hsty
= Il thEFe] chlorinated
S el et 7hsAdel Al
Holl e} EA 3NN AR FE Fole A7 AIREHNU
ThH(Lynge et al., 1997; Wilkowska and Biziuk, 2011). 72 ¥
acetone® 2 3]4%¥ FZE-2 SPE (solid phase extraction)S
ol-g3te] A sh= ol aotEo] Holinl A S Ak
o & A HAA T (Casanova, 1996) % A A oFF
o] acetones AFEE FHt] §lsit). o] Mills method
of 2xkstd =3 BS54 &He] e flste] F=gol
A MgSO, E== NaClZ 7t & acetonitrileZ F&3+
A} SPES AME3 A 7F Al =50 H (Lee et al., 1991),
o] W& thFe BAME d7ehe 7127 = U th(Fillion
et al, 2000). Z ¥l microwave-assisted extraction
(MAE), accelerated solvent extraction (ASE), matrix solid-
phase dispersion (MSPD), solid-phase microextraction (SPME)
2 supercritical fluid extraction (SFE) 5 TS FEHo|
9t 1K Camel, 2000; Ramos et al., 2002; Barker, 2000;
Wandencki et al., 2004; Ling and Teng, 1997). o2 v
o ek A S A7 E Bel o] &5 5L AR
(Wilkowska and Biziuk, 2011) TF&Fe] §7]-80 & AM8-3}7]
wol H7)= Aol wAI7F B skl T4 B A7k
=Eds FshA B Hlgo] ARFATE ©ilo] 917
] ol (Beyer and Biziuk, 2008) AFAFES ZA3ke] S0
£ ol&sto A&t e HREeF A4S S8 oY
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& =5
3L AIES BAYE skt JEE JloH, ol g
# Al 2= QUEChERS (quick, easy, cheap, effective, rugged
and safe)'H o] Anastassiades et al. (2003)°] <]&] 1otg]
Ak o] WHE AFRE acetonitrileZ FE3L MgSO,S
olgstd ANE T =¥ FEEWME LSt primary
secondary amine (PSA) ¢ FZAE o|-&3 TS
=Y (dispersive-solid phase extraction, d-SPE)°.2 A|5&
AAst] a4t 24 AH]l GC-MS/MS9F LC-MS/MSZ
25 W o|tk(Wilkowska and Biziuk, 2011). d-SPE
of AHEHE PSAE T S4S 7 {714, =4
7E Mg g i 40 G A A Ak AR
. GCB(graphitized carbon black)= sterol3} chlorophyll
Lo Aag A A AREE, Cp lipidsh 22 ¥l
E4S AAS=E AH-Eth(Martin et al., 2017).
| A5 Sk AdA 51 pydiflumetofen ([3-
(difluoromethyl)-N-methyl-N-[1-methyl-2-(2,4,6-trichloro
phenyl)ethyl]-1H-pyrazole-4-carboxamide])<> succinate dehy-
drogenase inhibitorZ Syngenta©llA] 7|eek Al AbgA| o]
TH(Duan et al., 2019). o] FF A& F3o] HYHY &
F5 Aslisto] AE 7] AWS e oR UAEe
AEA e AAA R Y o, 3 B HFY
el a3t 93k Jog 2
Michailides, 2010; Hou et al., 2017), 715¢] 4bitAl|ol] H]
alo] A7} frste] FoF A S §713 R SoFE
+ 237} 9JtkDuan et al., 2019). Pydiflumetofens %
AAF SR Ao, HdF 2 37 5o 555 AR
aglom, Sfds WAlE FoF AMES 91 55 HA}
7 XY= aL glomg A& Ao gl B4 gy
o] Jgajr}.

wEhA o] A= QUEChERS WHS |83t FAHE
pydiflumetofen®] A& F4HE st w4 5 7t
SoFo] QHAA gro 7|5}y flste] =T
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oA pydiflumetofen©] o™, A1 2H&E
A3} thaH] 43 3041 (KHIDI, 2016)
T AFERY FEEE JHsto A,
2, 55 Ak 2] A AF
A2 EAsl7] wiel Fwlel thste] &
AR AR 218 sAHE o
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Aot H W=

Pydiflumetofen ¥FE2] EE 99.4%0]0m, AAE}
ool FFitol ARGSIITH AlRE FE5HAL 717|%
Aol ARE-E acetonitrile® MerckAH(Darmstadt, Germany)
9] PR (pesticide residue)sao ARSI SOH, LCY ©l&
Fo 2 AM8-E formic acide Sigma-AldrichAH(Massachusetts,
USA)9| AlFS o] &8ttt ZR-sof 4 oA AR
¥ QuEChERS #% pouch®} d-SPE tube= AgilentA}
(California, USA)®] A&FS A&l om, A4lEE]719 3
=715 77t dhd 38k kdE H(Incheon, Korea)2] combi-
514R A=} SPEXAHNew Jersey, USA)2] 1600 MiniG Al
& AR

FH

E=2Y =X

Pydiflumetofen®] EFFS °F 20.12mgS A&t 20
mLe] acetonitrileZ 835+ 1,000 mg/Le] stock solution
S ZAIBIHeH, ©]& LC gradient grade acetonitrileZ 3]
A3te] 100, 50, 25, 10 2 5 mg/Le] working solution® 2
AT A AL ZFEAS 2Al] fsieo
0.01, 0.02, 0.04, 0.1, 02 ¥ 04mgLe TEZ HEE
acetonitriles ©]-§3to] A sIgion, FAE] ANEE F=
3l gANT} acetonitrile® ZHzZF 28 A8l 0.005, 0.01,
0.02, 0.05, 0.1 % 0.2mg/L°] matrix matched standard<}
pure standardE ZA| 3} T},

17124 =

Pydiflumetofene 2+ 3 Well 371¢] chlorine®}t 271 €]
fluorineo] E3tE|o] 9lom, 7FHE o] ©A AREo] At
=]o] 9lE ketone T-20]7] Wl GC-ECDZ #40] 7+
sttt gk A 72 djol 370 Aavh 23kEo] Sl
GC-NPDEE= 4] 7hFsd Zow AdEdAt A& £
S g flsted LC-MSMSE 4] A= 4173}
ATHRong et al., 2018). &4l A3 LC= AB SCIEX
AHE=)] Exion LC™¢]$e™, tandem mass spectro-
meter'= AB SCIEX TRIPLE QUAD™ 5500 &S ALg-
Stk AR F sMES Y] flate] ST 54
548 afHes e 4 9= ODS (octadecyl-silica)
94 column?! Advance materials technologyAH(|=r)2]
Halo Cyg (2.1 mm I.D. x 150 mm L., 2.7 ym)& AR&-3}53 ).
0]5/2 protonation enhancerZ ZH-&-3= formic acidS
59k methanolll 7k8te] 0.1%2] E&=7} H=5 24|
afod ARGl on, EA8 A8 1 ulY Fst s
oFS WASIAT B AlY woke] Muldd) e S
13t MRM (multiple reaction monitoring) modeZ +4]
dt3lem, MRM 78 &) st 58 10 pg/
kg infusion mode= scan 4] & =7t 75 271€]
ionS A3l A #Fol(quantitation ion)x} 7] (con-
firmation ion)2-2 AAsISIT} 717184 A3} pydiflumetofen
o] Mol (precursor ion)y> 426.1 m/z0| o™, A &Fo]L

Table 1. LC-MS/MS condition for residue analysis of pydiflumetofen in agricultural product

<LC condition> |

Instrument ExionLC™, AB SCIEX, USA
Column Halo Cyg, 2.1 mm L.D. x 150 mm L. (2.7 um particle size)
Flow rate 0.2 mL/min
A: 0.1% formic acid in distilled water
Mobile phase B: 0.1% formic acid in methanol
A:B=(20:80, v/v)
Injection volume 1 uL

<Mass condition> ‘

Instrument QTRAP 5500 system, AB SCIEX, USA
Ionspray voltage 5500V Nebulizer gas 50 psi
Curtain gas 20 psi Drying gas 50 psi
Collision gas 10 psi Scan type MRM mode
Drying gas Temp. 500°C Ion source ESI+
<MRM condition> ‘

. Ion transition
Precursor ion (m/z) — —

Quantitation ion (m/z) CEYeV) Confirmation ion (m/z) CE(eV)

426.1 192.9

123.1 111

UCollision energy
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pydiflumetofene] Ztm: BEAMS

Fig. 1. Standard chromatograms of pydiflumetofen at 0.05 mg/L.

A; quantitation ion of solvent standard (426.1>192.9), B; confirmation ion of solvent standard (426.1>123.1), C; quantitation ion of
matrix matched standard based on Kimchi cabbage extract solvent (426.1>192.9), D; confirmation ion of matrix matched standard
based on Kimchi cabbage extract solvent (426.1>123.1), E; quantitation ion of matrix matched standard purified by d-SPE method
within GCB (426.1>192.9), F; confirmation ion of matrix matched standard purified by d-SPE method within GCB (426.1>123.1).

Table 2. Composition of sorbents into d-SPE tube for the purification of extraction solution

d-SPE MgSO, PSAY Cis GCB?
d-SPE 1 150 mg 25mg - -
d-SPE 2 150 mg 25 mg 25 mg -
d-SPE 3 150 mg 25 mg - 2.5mg
d-SPE 4 150 mg 50 mg - -
d-SPE 5 150 mg 50 mg 50 mg -
d-SPE 6 150 mg 50 mg - 50 mg

DPrimary secondary amine, ?Graphitized carbon black

I} FAol e Ztzt 192,99 123.1 m/z01eH, HE & 1,300 pmo= 127F 188t en, o] F&=< 3,500 rpm

3717184 213 B89 24 AREIHS Table 1 o2 587k 94 EYst. tiFe A0l vl At
3} Fig. 191 AA5FSI ) 2 Fo] emulsifier® 283} (Lee and McClements, 2010)
3 f718me] Ee7t BeeiA 4aL 5 899 ol
URsY MY &E Hojx|= o] WSy wiEol| 12,000 rppmOE 107F
AlPE el EAH-E QuEChERS WHol sl st A4 EEate] 49 288 PHAHT AlEE BAE]
A STk F& WS gah] fIste] AOAC Official — 913te] 94l #e|dh A|59] NS Table 20 AAT &
Method 2007.01 W91 acetate-bufferingH (6 ¢ MgSO,, ZA| 240 1 mLY 7F8FaL oF 30 %7F voltexingdtal )&
1.5 g NaOAc)¥} EN 15662 %<l citrate-buffering™ (4 g THA] 12,000 pm© 2 587 A4 EElstdTh A AS
MgSO,, 1 g NaCl, 1 g Na;Cit-2H,0, 0.5 g Na,HCit-1.5H,0) acetonitrileS ©]-83}d 2uj Q@, 3t Table 19 A|AISF 7]
g ol % 0}&1 P BrES AEshe HOE B4 7154 WS ol &ate] HREeks EAlskiT
o] &S 7 S}C’i"tt] F=E e F%° matrix
effects 213 0}04 HFE FZ WS Syt =3 4Al =MH 43
ol AREE= A FFe} Goll E A 88 Ao e (limit of quantitation, LOQ)= s1gnal
AZ3817] Ysted Table 20 AASE vle}l 7+ 2AS o] thH] noise7} 10 o/fo|HA 7]718A dollA AL
ato] Ao, HREet B4 A8 v itk ol =% 5ugkge® 4783 2™ (Costa et al., 2015)
A& 10 g@r9 5= 55 S0mL conical centrifuge HAHE AFe] Slste] 24 dule] AE 2 3
tube (Falcorn™, w]=h)ol] &3] A sl cetonitrile 10 Al8S 83T LOQ, 10 LOQ % 50 LOQ %E-/] X
mLE F7FE & 1,300 pmo2 527 X' FE5h A TEAG 73] ukE BA51e] peak WA, peak Eo| ¥ HF
X AR F HFEe] FE2L St dAFY SHRTE 2 A7re] Hits} A ESH X (relative standard deviation,

Sa3lsle #AA o] DA o]7] wjFol|(Kim et al., 2017) & RSD)E 4HEshe WO R 4 A9 AQdS HFsIe
Ulfl} fH 4 35 10mL94 SHTE ol&sto] MZFERt ™, 35E2 742 Ao XFE9S 0.05(10LOQ) ¥

Al Fo] 7Hzke] QUEChERS 0.25(50LOQ) mg/kegs] T=7F H=g A2 & gye &
%% pouch u7}% 3L E0F AP TE F A& Ao Z 39k A 5e] 2kl
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Matrix effect

Matrix effecte= MS AZ7] W2 0|23} 3golA A7|=
Al Bl A B o R olF A7tsly] 913 thefet
A7F A=E T I F matrix effect (ME, %) 7P &
HH o)L 7hdahA AFHAE & e Wil matrix matched
calibration ' o] c}(Kittlaus et al., 2011). W=hA o] Ao
ME matrix effects A7) 918te] pure standarde}
matrix matched standardS =5 7]7] #4]5to] A& peak
o] MA L 7|52 Z calibration curveE 2HJstR o, 2A
219] 718715 o]-&5t% matrix effects 2FESATHA (1))
(Economou et al., 2009). =3+ matrix effect(%)= ©]2 &
A (suppression) S+ “J<5(enhancement) 7} = (intensity) %
52 ¥t AFREE X0, matrix effect valueZ}
—20%<ME%<+20%°]H F&Fo] L& (low)o= G5}
—50%<ME%<-20% E=E +20%> ME%>+50%°]H =
(medium) AEe] AJ3Foz HAITE ME%<-50% 5
ME%>+50%2] 7Z-$-oll= matrix®] J&o] E2(high) 2
2 g sth(Economou et al., 2009).

}..

o

o T

Slope of matrix matched calibration —

ME _ Slope of solvent standard calibration x 100 (1)

(o)

Slope of solvent standard calibration

3 |
# BA 27804 LOQ, 10L0Q 2 50L0Q
o] FFEAS v TAste] 71719 AAAEE Ejlst
, A3E Table 39 AT LOQ, 10LOQ ¥
50LOQ &%2] pydiflumetofen ¥FENL 7]7] £A351o
Ao} peak WA H RSDE 242 13, 1.7 2 1.9%0°]
ROH, peak %012 HF RSDE 2H2t 2.8, 3.0 © 3.7%0]
Ak ES pydiflumetofen®] W¥-5 Al7+e] Hi RSDe=
04,03 B 0.5%= w4 dHle] QAP 73 o=
G ATHMelgar et al., 2010).

Matrix effect

Acetate-buffering WHO 2 53+ A5 F pydiflumetofen
9] matrix effecti= Fig. 201 A|AISH vle} 7Fo] —12.8-9.1%=
low signal suppression Y= enhancement®: R AR
citrate-buffering WHOZ FZ3F A|72] 79 Fig. 3ol Al
Al upe} Zro] 22.2-23%= Uehston, 53] dv|et o
T F%E % pydiflumetofen®] matrix effect/} medium
signal suppressions HT}. AT matrix effects A4

F o M 418 PR BeES AUE AAST 54

Table 3. Reproducibility test of pesticide at LOQ, 10 LOQ and 50 LOQ with LC-MS/MS

. Peak area Peak height Retention time (min)
Concentration (mg/kg) >
Mean RSD? (%) Mean RSD (%) Mean RSD (%)
LOQY 930,250 1.3 107,413 2.8 441 04
10LOQ 9,098,500 1.7 1,058,750 3.0 4.42 0.3
50LOQ 40,072,500 1.9 4,519,000 3.7 4.42 0.5

DLimit of quantitation (5 pg/kg), *Relative standard deviation

mBrownrice ®mSoybean ®Apple ®Greenpepper ®Mandarin = Kimchicabbage

20.00

15.00

10.00

Matrix effect (%)

-10.00

-15.00

-20.00

e Loy b

Extraction d-SPE 1 d-SPE 2

d-SPE 3

d-SPE 4 d-SPE 5 d-SPE 6

Fig. 2. The matrix effects (%) of pydiflumetofen in samples extracted by acetate-buffering method and purified six d-SPE methods.
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mBrownrice ®Soybean ®Apple ®Greenpepper ®Mandarin = Kimchi cabbage

20.00

10.00

0.00

-10.00

-20.00

Matrix effect (%)

-30.00

-40.00

-50.00

Extraction d-SPE 1 d-SPE 2

d-SPE 3

d-SPE 4 d-SPE 5 d-SPE 6

Fig. 3. The matrix effects (%) of pydiflumetofen in samples extracted by citrate-buffering method and purified six d-SPE methods.

Sl= Zolgl= E.3(Stahnke et al., 2012; Guo et al., 2019)
9} 7ol 50 mge] PSAE o]-&-3to] A SHA matrix effect
= 7AaskE A2 BATE Acetate-buffering O Z F
313 SFAE ZaElske] AAIS A& 5 pydiflumetofen
9] matrix effect= —8.9-10.2%=Z A A matrix effecte} F+
AFSFATE. BESE citrate-buffering W 02 FE3fo] Ak
AlE F pydiflumetofen?] matrix effect= 7|9} tIFE A
oatar FA| A} § BF W AFE B0 dAvjet o
Fo] 734 25mge] PSAYl C,i2t GCBE F7}3to] AA|g
A& T pydiflumetofens] 7+ A =2] matrix effects 2.9
o} &FAIRF PSA 50mgS 7IRtCE AATY 739 matrix
effect A7E= A3 Btk OE AlEoA = Al
WS matrix effect 74> E37F FElaHA UERUA] ekttt

olglgt A= PSA T FAAY FTHS Yol wet
matrix effect®] 2}o|7}F I th= Dugek et al. (2017)2] H3L
o} fAlslEtl, ol T Aol BF HAF R v
matrix effects H.$}7] wj&Fo]2}al FwQc). Matrix effect
& AR A3 B o= AR L e ASE e
5%7] o] F4HE 5 pydiflumetofens LC-MS/MSE ©]-&
Sk QUEChERS o2 #43517] $J84+= matrix matched
standard calibration2 “d@sl= Ao vlEzsitiy HdE
ATH

3+ AH
Acetate-buffering¥} citrate-buffering o2 FE3 &
A FAGS AXA &L A8 F pydiflumetofens] Ht 3]

HBrownrice M Soybean M Apple M Greenpepper M Mandarin B Kimchicabbage

Recovery (%)

005 025 0.05 025  0.05
mg/kg | mg/kg mg/kg mg/kg mg/kg | mg/kg mg/kg | mg/kg mg/kg | mg/kg mg/kg mg/kg mg/kg  mg/kg

d-SPE 3 d-SPE 4 d-SPES5 d-SPE 6

Extraction d-SPE 1 d-SPE 2

025 005 | 0.25 0.05 025  0.05 | 0.25

Fig. 4. Recovery of pydiflumetofen in six test crops extracted by acetate-buffered and purified using six d-SPE methods.
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M Brownrice M Soybean M Apple

130

M Green pepper

® Mandarin  m Kimchi cabbage

Recovery (%)

0.25
mg/kg | mg/kg | mg/kg | mg/kg | mg/kg | mg/kg me/kg | mg/kg  mg/kg | mg/kg | mg/kg | mg/kg mg/kg | mg/kg

0.05 025 | 0.05 0.25

Extraction d-SPE 1 d-SPE 2

0.05

d-SPE 3

025 005 025 | 0.05 025 0.05

d-SPE 4 d-SPES d-SPE 6

Fig. 5. Recovery of pydiflumetofen in six test crops extracted by citrate-buffered and purified using six d-SPE methods.
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Fig. 6. Recovery chromatograms of pydiflumetofen in Kimchi cabbage fortified at 0.25 mg/kg.
A; quantitation ion of pydiflumetofen in extract sample without purification, B; confirmation ion of pydiflumetofen in extract sample
without purification, C; quantitation ion of pydiflumetofen in purification sample within PSA 25 mg and GCB 2.5 mg, D;
confirmation ion of pydiflumetofen in purification sample within PSA 25 mg and GCB 2.5 mg.

5.3-113.59F 71.7-105.3%%2 ¥ 3= 4
x%fst}s} Ao 2 x| Qit), zhzke] v
2 o] 23 FE 2 671419
]%0}"‘1 AAG AR 5 pydiflumetofen®]
&L Fig. 49} 50 AAg vie} o] 50 mege] GCBE
ol-gsto] AT A AQleti BF F1F 3Je WSl
1 70-120%% RERSFATHEAO, 2016). 5+ 714 M o®
&3 AEE PSA 25mgd 50mgS o3k AT
pydiflumetofen®] 3F8-& B5F 70-120%2] F23 358
S Hol FAE 5 pydiflumetofenS PSAL] %ol 2]EZ o]
2 gke Ao TR PSA 25 mg@ 50 meell F7HE
717} Cig2 25 mg 50 mgs F7tete] AAg H9E BT
FET 35S 1o PSASH PRV R S48 F pydiflu-
metofen®] 3]5&ol Fo] gle Ao A=), Hgt
PSA 25 mgel GCBE 2.5 mgE F718l] AAS vle =

_4m

ru]o Sl

d-SPE tubeE

fras 34 FAT GCB7} 50 mg F7Fe 7Z3-5-ll
2rE %ﬂ?oﬂ/ﬂ XiZ:?f} 35eS B2tk Acetate-
buffering HJ‘?QQE %f?} < AAs A<} citrate-buffering

rr

WHOoE 259 F 4AT A% BE ge APolgirh. v
4 Bk GOBY B3] Re 582 nyrke 2

3(Chen et al., 2011)$} Z¥o] Log P/} 3.801HA T}k
=27 A49F aromatic T20] H]F4 FoFUS 7ilsd
AldEel pydiflumetofens GCBE ol wel 3]g0]
g2 Zlolglal A= ES pydiflumetofen2 Th T
wo sz 947} ¥ohHo] U aromatic BHEHEQ]
broflanilide ¥A] GCBol| &&s17] wjZol]l 2 Fo] 3]7&

o 9aFe mxE= AAF Yelolgl= Bl (An et al, 2018)
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