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Development of the Analytical Method for Insecticide Tolfenpyrad
Determination in Agricultural Commodities using LC-MS/MS
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Abstract The analytical method developed for the determination of tolfenpyrad in alomond, walnut,
pistachio. The tolfenpyrad residues in samples extracted by using acetonitrile and partitioned with
dichloromethane, and then purified with Florisil solid phase extraction (SPE) cartridge to clean up. The
analytes quantified and confirmed by using liquid chromatograph-tandem mass spectrometer (LC-MS/MS) in
positive ion mode using multiple reaction monitoring (MRM). Matrix matched calibration curves were linear
over the calibration rages (0.001-0.25 pg/mL) into a blank extract with #*>0.99. For validation, recovery
studies carried out at three different concentration levels (LOQ, 10LOQ, and 50LOQ), performing five
replicates at each level. The recoveries ranged between 72.7 to 100.2%, with relative standard deviations
(RSDs) less than 9.7% for all analytes. All values were consistent with the criteria ranges requested in the
Codex guidelines (CAC/GL40, 2003) and NIFDS (national institute of food and drug safety evaluation)
guideline (2016). The proposed analytical method was accurate, effective and sensitive for tolfenpyrad

determination in agricultural commodities.

Key words Agricultural commodity, analytical method, insecticide, LC-MS/MS, tolfenpyrad
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T F 46650 wokt A F 84%9] Hokl

FRE87IES AAstel #elstal Utk (Ministry
Food and Drug Safety, 2018).

33 ZL= (Tolfenpyrad)= =Ulol TH=H= sk

o

7]

AN

e S|


https://crossmark.crossref.org/dialog/?doi=10.7585/kjps.2018.22.2.143&domain=http://kspsjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

144, 23| - EHO} - HpAEl -

2 AR, 359 Ulsle 201740 RS L)E
2do] @3 H ko), 1991 Y& m=n|A|5el 413
AH(Mitsubishi Chemical Corporation)ol|A] 73t A5A| =
A, Wi A 9 7EF =9 Sl FAEE, W 5
o] AF37| ofElE sl AFadrt A, &, 4%, o
e 9 A5 99 sl A JF 2eatal 7189 A
FAC waF AEge HolA =ThSong et al, 2012;
Okada et al., 1999). S¥l¥|2t=o] SZAL A Aol ot
29 FQ YARFERZ OH-PTV} AAEY FEAFAAE
S Bl T F A sl sle AR ElEo] =
WollXe 7= HoE Bag==2 o= #4staat st
A H(Ministry of Food and Drug Safety, 2016). =7A| 2] &t
Z$]913](CODEX Alimentarius Commission, CAC), ™|
(EPA) ¥ AEFSCPIME ZHRES] FoJE R3tE= 4
ato] AE)atal lom, 2HR8-E71S 0.01-70.0 mgkg S =
A7t AEslal YTHCAC,, 2015; EPA., 2016; MHLW.,,
2016). EvZt= AHHE GC-MS/MSE ©]-&38 A%
AldH 3 LC 241 Tol Bad vprt glov =] 49
TUE = AAFEREE, EEA L, SF)ol g AW
o] nFAEA] grol EdlTEtEe] SR E 91 A TN
o] I @ 3jth(Yamaguchi K., 2012; Zou N., 2016; Wang
1., 2012).
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HIUEFS Wako(Osaka, Japan), T3 HIEFS Merck
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© g7]9 o} -50°Cel] Bsle] Aol ARSIt

EFEHY Y EFESH| =X
EAVEE (R 98%) XFF 20.41 mgS 20 mLe] o}A|
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Table 1. Analytical conditions for the determination of tolfenpyrad

Hugtso] EAEY M 2 Y

145

ol

Condition

Content

Instrument

Chromatographic separation

LC: Acquity UPLC (waters, Milford, MA, USA)
MS/MS: Xevo TQ-S (waters, MA, USA)

Column XBridge C5 (2.1 x 100 mm, 3.5 pm)
Flow rate 0.2 mL/min
Injection volume 5uL
Oven temp. 40°C
Mobile phase A:0.1% form.ic ac.id .in acetonitrile
B: 0.1% formic acid in water
Time (min) A (%) B (%)
0.0 20 80
1.0 20 80
. .0 20
- Gradient g 0 28 20
10.0 20 80
13.0 20 80
MS/MS condition
Capillary 2.14kV
Source temp. 150°C
Desolvation temp. 500°C
Desolvation gas flow 996 L/hr
Cone gas flow 147 L/hr

(Liquid Chromatograph-Tandem Mass Spectrometer, Xevo

TQ-S (Waters, MA, USA)E ARE-3ISITE 418 ZH2
A AHeR Cp ZEE AYsldl, 7187] &8 Wl
0.1% E55F Hr oHEUEZF 0.1% Z5 7845
ol 5o E AMEBIGITE AT o] 2sPH O 2= electro-
spray ionization(ESI)H 2| positive-ion modeE AFE-3}512
™, LC-MS/MS®| #4271 Table 13} 22t}

MA@ HE

¥ A= ‘CODEX 71| =211(CAC/GL 40y 212
OFEQHAA AFO FEebdAE Y] AES AEH v
FFAA BT 7Pol=RI 2016y H-gate] Al
2747 (linearity), 1= 3] (limit of detection, LOD), “d %
A (limit of quantification, LOQ), 3]4~& (recovery) 2
A (reproducibility)el] et F84S ASIATHCAC,
2003; NIFDS., 2016). 2414 gele 9lsle] Edlvjgl=2

T2 AR AFdgdoz gAsled A BE &
0.001-0.25 uLe] s=r9loll thek zH2te] 93 HAS o] &
gt AR S AL, A AFAF)E 3
o} 5ok A& AFle ARrREY Ao Al §
o} ZHEHI(SIN ratio)s 717} 3, 10 o302 33ith. A9

o Agw 2 AUwE A5 §l8le] FAe "1301] =
Aget=e] TN A7 § FAEl 3FES )l

sttt s A9 AP sEe FF, A=A 10
v, AFgAe] ool gk vEE Fsien, 7}
A ARG AelTe SRR sl Wt i
THAHRSD, relative standard deviation)& AlAFste] A9
Hol Aty 2 A w2 {7ysigtt

21-=

7:ljl_|. al _Tl_il-

= ES =
717148 & EMEU HE
EAIHES] 8314 G HLCINGOE 24 2 ol

A2 (nitrogen, NYE E3sl3L glo] AAE Agizozg HE
& 9= GC-NPD &40 7Fsd Ao 2 A=t &

A9k ZE3o] 539.98°C (760 mmHg)E Eou Haf &%}
250°Co| B2 ERZt=E 3 EA]7]7] Ao #alld 7FeA
o] 3lo} A go] Hold AoF AlRHUY. uebr] =3
Hetes v XJZW?% 01%7@94 qu} Zolel| o]

%4401 —&01;3 Ro=z JJrDHFP*EP
oo w}a} 54 s E Fshe 5488 &35t PDA
(Photodiode Array)Z 2~71(210~360 nm)3+ A3 HZ b3
! 232nm¥E ﬂﬂ%? A OUE 01 el g s
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Tgtee] FEAeAE UEAZ 7t flo] 7171 A
E0]aL, AR SAlsks TEdERE A9 £
sl A A=rE T Z-AFEA 7| (LC-MSMS)E 4
1712 AAREItHLee, 2013). 48 ZHe Exvzi=
9] 15 (Log P=5.61)3 542 eisto] w54 =23t
FHEA B BEvt 7Fse O ZES A9 o} It} o)

2 e o

S 0.1% EEAE T SEUELT 0.1% EE2 4
o 0§ 7197] Be) Ao BAL o5l
291 TEARE EAEE A1) [M+H]" o] Aol &

o]t protonation enhancer® 2H-&-313th. 7zt RS
electro-spray ionization (ESI)<] positive-ion modeS A&
stod HA EAolS A3l selected-ion monitoring
(SIM)e.E2 EA3}ST}. Total ion chromatogram (TIC)Z
mass spectrume 53l 7 EA4oleg At P4
2 383.9 (exact mass: 383.1403)%1 Edlujgt=o] g
(0.1 pgmLye 433 £%(10 uL/min)2 2FH=7]0] 2
A T A Aol [M+H]" FENQl 3844 miz whe T
2151t} ©] wl cone voltage®] ¥73(10-70 V) 53l 40 V
oM FHtHel peak Z=rF yEPES Slsiiich. #H A5t
cone voltage AEjolA EA1o] Melz A& e S I3}
Al717] 98t MSMS 4] Al MRM (multiple reaction
monitoring) modeZ #4315t} Collision cell*llA] collision
energye =43t 49| precursor/product ion pairg A
AL, 7 =2 RS Hole product i ione A #o|L
(quantification ion)© 2, TH3o2 FA 7AEE T product
iong 40| (qualification ion) 2 A3t 4 7]
7184 2712 Table 19 YRR, EA4 2704 A€
579 o] 23} M5 A7k Table 20 VERH AT

£ ¢ BHfx=H =g
Ed92l=%= Log P, %Als olm, pH 1.32-13.15 ¥
flellA HlslE] dEi= she HISA sigtEelth di

B8 I3 °71£uﬂ§— o]%aoq %—%ﬁr g @ %
E
E‘_

rm
33
T

M7l 2o H]—;L*é %7]%uﬂi =z /\] AE B A=A
o] Lo} & g 8o| WS Flog A}Eili’iﬁ‘r EPEW EHE

adr a2t 65l st 3]
&5 YER Tt (Table 5).

&0 72.7% ol’3]

XY - 3=

HEHY FEE0| W& 545 283 919™, chlorophylls
24 33, U 5 Ah FF 380 Yol FEEE A
grek A0 2 AE At Kown, 2008). F=0] 4 AR F
90 A IHEAY EdYgE BEE A -9 &
S Agsigitt oo Fuf gujE AAshr] fls) 4
Het=o] £ - 38k 54, &) SR 2 Sl o
3 g2 vsle] tEFERMES At tUEE
2Hehe Bl HSA f7]8vlolH, tEE=r g o
3+ 8 = (> 500 g/L, 25°Cy7} TF2 B|=A4 °71£uﬂoﬂ H] 3
Fol ) B&o] 5 A 0F AAFHUT Hgk Ao Fuf
o EspAAFE Hrlet] BEe T EEE S8l
2IE FHA7IAL, S48 THMEde] tEEEAE FO
HdolE= AE Hasbedt). oyt X180l 2% o)/l
IH, T 2 AdFE @Rt EVEY By F1E
Hgslo] g2 H|FA ELE AAE 53 matrix effect
2 HA3 & F 9L Aom Audsly] 35E&L Sl
=

=

rlo Ll

FtE2|X] HNY &

H o] e Bujole ERlgRt=e] EAS Fola,
Hoh g9 AARHE D7) st LA FEH(Solid
phase extraction, SPE) & S&Alel tigt x1slze] xfol&
o|l&3l= &2 7FEEA] 5 Silica, Florisil 2 HLB 7HE#]
& AMgsle] 34eS vwsgh AA AR-E Silica
ZIEZAE 4 8 FHAIEA "slead 44, 272
271 X339 B8l 7do] H|2A &) = Ao g
o AHE B oHERTH BH=ES §E5H, oKE
L]EFJ T

%ok— EA4S 7Ha Qo Florisil FIEZA = F2 7]
= A

o] AR H& JFEgA|oth(Park, 2011). Silica 7FEZ]X] ¢}
Florisil 7FE 2] olsh 2to] 44 FhEeiA = 24 B4L
Eshe 540 Jdov &&shke f7l8me 58S ol &
st} 8uiE 29T A 0548 4 EEE B T

At} HLB 7FEZ|A= hydrophilic N-vinylpyrrolidoneZ}
lipophilic divinylbenzenes Ffdh= G4 7HEIARA],
Ag2dol et AEES ZHEYAANA A SEHAR, W

1S % g S wag) o) ol AlERA B Seshe
Table 2. Selected-ion of LC-MS/MS for tolfenpyrad
Compound Molecular weight Exact mass Precursor ion (m/z)  Product ion (m/z) CE*
197 20
Tolfenpyrad 383.9 383.1403 384.4
145 25

 Collision energy(eV)
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£ o]&3k 7FER|A] o] tK(Son, 2015).
EAVZEE Log Py gkl 5.61% U4 E4E2H o] 4
< I8l o dolAElo| E/AY, tE 2 2uel/aEsk 9l o}
AErEzzvee] s3ldoz GAl g8 vt
oeetMgo|E/ M tEZ2uehEike]  EgtlofA
Florisil, Silica, HLB 7}EZ]A] B 348-9] 26.1-75.7%=
o 38 W] A Sz AR £ Qi F g
tol| A B|FA Sz ALgE dake H|SAel Edlve}
SEA17)719) A3 Aoz ddsigl o, EdlvE)
£ datol tigk gal=(7.41 g/LyF AtHE o2 Y] nj i
SERTIEYA S EA70 FEE S =Tt S ool

=2 (it BN
Ol ot

Table 3. Comparisons of SPE cartridge for tolfenpyrad
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7BAA zlglEo] wo} §&0] BT HA| g2 ZoE dAot
St vhi, o e EFE 2 ee] Etallo] o] 7} e
YA 358S I A Florisil 7HEZA|ONA 97%,
Silica 7FE 2 X ollA] 89.6%, HLB 7FEZ| A4 91.5%¢2] 3]
Fgo| FAEQUTHTable 3). Z F 714 =& 3)5go] &
ol # Florisil 7FEZX S AA| 7IERA 2 <4 243197,
BAxAE HAAsketr] el &0 S Alwskete] 71
28-S s olELZFZ 2 e E3 (100, 5/95, 90/
10/ 8020, v/vy& Alstste] 7k &uff 2ol thall 5 mLA
8] g wop IRIGH A, oREMEEEAEY £
H(5/95, viv) 10mLeA 7 =& 3|5&S Hof A9

. . tolfenpyrad
Solvent Solvent ratio (v/v) Fraction — —
Florisil(%) Silica(%) HLB(%)
100 1 (loading 5 mL) - - -
5/95 2 (10 mL) 25.5 - -
Ethyl acetate 10/90 3 (10 mL) 41.1 - 32.7
/n-Hexane 20/80 4 (10 mL) - 56.5 -
30/70 5 (10 mL) - - -
40/60 6 (10 mL) - - -
Total 66.6 56.5 32.7
100 1 (loading 5 mL) - - -
5/95 2 (10 mL) 26.1 734. 34.7
Dichloromethane 10/90 3(10mL) - 23 4.9
/n-Hexane 20/80 4 (10 mL) - - 6.2
30/70 5 (10 mL) - - -
40/60 6 (10 mL) - - -
Total 26.1 75.7 458
100 1 (loading 5 mL) - - 579
5/95 2 (10 mL) 97.0 89.6 33.6
Acetone 10/90 3 (10 mL) - - -
/Dichloromethane 20/80 4 (10 mL) - - -
30/70 5 (10 mL) - - -
40/60 6 (10 mL) - - -
Total 97.0 89.6 91.5
Table 4. Effects of Florisil cartridge for tolfenpyrad elution efficiency
Elution efficiency (%)
Compound Fraction Solvent ratio (v/v)*
100 5/95 10/90 20/80
1 (5mL) - 98.4 80.3 87.2
2 (5mL) 1.2 1.9 0.6 -
Tolfenpyrad
3 (5mL) 2.3 - - -
4(5mL) 0.5 - - -
Total 4.0 100.3 80.9 87.2

* Solvent ratio of acetone/dichloromethane
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BAEE At webs HE BAES tEEEY
go g gt 359 10mL F HAEE H23E Y6
SmLE 7FERA] FEA1Z & UEFZ2W e 5mLE Ao
HE|3L o EM S22 e &9 (5095, viv) 10mLE &
EAT1E WHoE HA §88 =] 28319 THTable 4).

= |

ETgtEE F58Y, FAEY AR, &
3|0 ARS] ARRETRS AR Ha, Hrste] deAd
(selectivity)S SRI8ISITE T2 A& F &
& Al e o) s (mzy 22 EEe HE
A ol & Al tidEdS B4 ek A o] =

.8000000- A

2000000 -
y=27,483,475.70040x + 16,935.01811

R*=0.99966

0 005 01 015 02 025 03

& 2253} A8 (selectivityye ER3%T.

| Al A4 (linearityys Belst] 18 #&
T2 FEFEZ 3435k 0.001, 0.005, 0.01, 0.05,
0.25 pg/mL 1 uL= LC-MS/MSell FYato] £43t
A}, BE A AR T80 ZAAS(7) 0.99 ©]
Ao g =& AMHAHE RAFATHFIg. 1).

E5tA 12t HEstA|

EdvgEs AEM= 71719 AZrtEDY AdoA A
3 o) FSHI(SN ratio)s 3 oldo = Ak A=
AR 659 75 2471719 HaAETE 0.001 ngS & of
g o] Astalel wEl AESAIE 0.001 mg/kgel AL, A7t
A AT o) ZFSH] (SN ratio)Z} 10 ©]4+¢1 0.005 mg/kg®
2 ofef o] Aol YeR ATt

2000000 -

y=26,817,929.10335x +49,913.58217
R*=0.99927

0 005 01 015 02 025 03

¥=25,750,116.55023 x + 16,321.25252
R*=0.99986

0 005 01 015 02 025 03

| D

¥=5,750,122.73677 x+ 16,394.15692
R*=0.99990

4000000 |

2000000 -
y=30,493,845.32949 x + 17,035.05716
R*=0.99985

al

0 005 01 015 02 025 03

6000000
4000000
2000000
y=30,493,845.32949 x + 17,035.05716
R*=0.99985

0 005 01 015 02 025 03

Fig. 1. Matrix-matched calibration curves of corresponding to: tolfenpyrad in (A) mandarin, (B) potato, (C) green pepper, (D)

soybean, (E) hulled rice and (F) almond.
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LC-MS/MSZ 0|28t MEX| SHIRZI=o| MSAEY MY Y #E
384.4 > 197.35 (tolfenpyrad)
1.00e8
A-1 A-2 | A-3

MWFWV'L'W ”‘“‘go 'r:“‘:‘,bo'i'gj"&o'[”6.56””6".56” 450 500 550 600 650

450 500 550 600 6.50

B-1 B-2 B-3
v v
\ y \
450 500 550 600 650 450 500 550 6.00 6.50

T T T T T T T T T T
450 500 550 600 6.50

C-1 c-2

— €=
-
-
0

450 500 550 600 6.50

———
<=
(—.
¢
w

450 500 550 6.00 650

E-3
b RAAAd LARLS LALAY LAALE RALL LALES LAALY RALLY RALLY RALLE T T T [I\'I T
450 500 550 600 650 450 500 550 6.00

450 500 550 600 6.50

Vo | ’
! I

T T T T T T T T T T 1
450 500 550 600 6.50

450 500 550 600 650 450 500 550 600 6.50

Fig. 2. Representative MRM (quantification ion) recovery chromatogram(fortification concentration: 0.05 mg/kg) of tolfenpyrad
(384.4>197.3) in (A) mandarin, (B) potato, (C) green pepper, (D) soybean, (E) hulled rice and (F) almond in (1) matrix-matched

standard, (2) control and (3) recovery.

A7 (mg/ke) = HA2HEH(ng) x

AFWA (meke) - ALDEY (ng) »

I E E EEE 1 R 1 ALIATA L g4
NeFe  AmEaga HESE R T
5(mL

(mL) 2 =0.005

Smb) 5 Zg001 =005 (h)x 7= X T

=0.001 (ng) x X
10(g) 1(uL)
SIS = F SmLyH e S2HmL)
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e @ AUEE Hrietr] 98t 2, 3

n 2 oHZo] LOQ, 10><LOQ 50 x
0.005, 0.05 2 0.25 mgkge] E==Z 53|
iHe-5to] ePsiact. 2 A3 7t ltEOﬂfH
Edlvjgi=e] FHF 358 72.7~100.2%A 3L, A F=HA
A= 9.6% olstE AU o] A= FHrE A &
3 CODEX 7}o]=2}el(CAC/GL 40, 2003)3 2]k 2]3&
O oFEQR IS AET AW vhd FFEA ] A
7hel=ekR1(2016yS E3l AelEE >1 pgkg, <10 pgkgd
o, 358 W9 60~120%, HolAF(CV)E 32%, >10 pg/
kg, <100 pgkgd W, 358 9 70~120%, CVgk 22%,
>100 pg/kg, <1000 pgked o, 3]5& W] 70~120%, CV
W 18%E T 71 FFEet £ 7)Fd Be Aow
SRIFAUTE whebr] 2 Aol et 3= 9 ZA) Wy
o] A= & ke EdTEEE A F 7t
2iele] F3tshs A& SIS th(Table 5). LC-MS/MSE

o
>

7] 918t AM-SA| kA E o)k

o
ofy
M
1%
o
o

>

ZobAA 4 |

P ASE FASHAE NI AFAHE AA Y F
oo REo Ao FUSA AlFste] EAE I8 9 BFE
AXE vl Ble Ad 7F FrolA 35ES 714~
120.0%, EFH2R= 10.0% o3It F Ad4dzke] Ha
3|4ES 77.4~104.5%0] 3L, WOl A (CV %)— 7.9% o|3}
]I

2 Zolskt}. waba, CODEX 7o) =28421(2003)2 4
«l FEbA 719l 7hel =2l (2016)004 AlAIgH A4
F AZ 71Ee AYFEE 1 pgke, <10 pgkgel 46%, >10
ug/kg, <100 pg/ke?] 34%, >100 pg/ke, <1000 pgkege] 25%

r\l
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Table 5. Inter-laboratory validation results of analytical method for tolfenpyrad residues in samples
Sample Fortification Recovery £ RSD* (%) Recovery? cvY LOQ
(mg/kg) Lab” Lab (%) (%) (mg/kg)
0.005 83.4+438 71.4+19 774 43
Mandarin 0.05 88.9+4.8 852+3.9 87.1 5.0
0.25 92.8+7.8 112.0+£4.7 102.4 6.1
0.005 88.9+5.9 120.0 + 0.5 104.4 3.0
Potato 0.05 1002 +4.9 108.8 +6.9 104.5 5.7
0.25 782+33 116.7+£3.6 97.4 3.6
0.005 80.0+4.3 105.2+10.0 92.6 7.7
Green and red” 0.05 88.6+5.9 902.4+7.7 90.5 75
pepper
0.25 84.0£2.0 744£6.5 79.2 54 0.005
0.005 78.0+£4.9 83.0+7.5 80.5 7.7
Soybean 0.05 72.7+4.6 83.0+1.8 77.8 4.1
0.25 80.2+£3.2 782+59 79.2 5.7
0.005 88.8 4.6 1109+ 6.4 99.9 5.5
Hulled rice 0.05 95.0+3.9 87.4+88 91.2 6.9
0.25 76.5+9.6 955+ 1.1 86.0 6.2
0.005 84.4+238 119.1£1.9 101.8 2.3
Almond 0.05 787453 1179473 98.3 6.4
0.25 804+£75 115.3+8.1 97.9 7.9

Ministry of Food and Drug Safety

®Seoul Regional Food and Drug Administration
9Recovery average of inter-laboratory
9Coefficient of variation of inter-laboratory
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