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W OE: B e SO 3 - B B RS 7% (ultra performance liquid chromatography-tandem mass
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(1-methyl-3-trifluoromethyl-1H-pyrazole-4-carboxamide, PAM)5% 88 (14347 %, F0it o s o e S HA G e i
s AT I RGeS . Ak FERTERE e & PAM SR CIERIUS, 4 N-INEEZ %
(primary secondary amine, PSA)FITC/KGRIREE Sk, S AS0BOAE (- ARIBR i SURr, JEFRVCECA MR E . Z55R
7E 0.0005~0.0500 mg/L JEF N2 RIFAMICR, MRRBUIIRT 0.999; UhndkEEH 0.010~1.000 me/kg B, MHEER
12 B AR AE R A P-4 [ 3 L 53911 87%~101% 1 85%~106%, S KARXSBRIE 2 A 6.5%, & htBR(limits of
quantification, LOQs)¥4°4 0.010 mg/kg; PAMES IRt 2Y, MEMERRIE SR B ETEAMG 2R e 18.2 d; RUHE
)TN0 21 d REEM AR SRR SRR P e Sk B T IE 0 0.277. 0.091 1 0.473 mg/kg. FEE
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Residues behavior and dietary risk assessment of penthiopyrad and its
metabolite in Citrus reticulata Blanco
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ABSTRACT: Objective To establish a method for the determination of penthiopyrad and its metabolite
1-methyl-3-trifluoromethyl-1H-pyrazole-4-carboxamide (PAM) residues in Citrus reticulata Blanco by ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS), and study the residual behavior and
dietary risk assessment of penthiopyrad and its metabolite in Citrus reticulata Blanco. Methods Penthiopyrad and

PAM in Citrus reticulata Blanco were extracted with acetonitrile, cleaned with primary secondary amine (PSA)
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sorbent and anhydrous magnesium sulfate, detected by UPLC-MS/MS and quantified with matrix matched external
standard method. Results There was a good linear relationship in the range of 0.0005-0.0500 mg/L, and the
correlation coefficients were greater than 0.999. Meanwhile, the average recoveries of penthiopyrad and its metabolite
were 87%-101% and 85%-106% with the maximum relative standard deviations of 6.5% at the spiked level of
0.010-1.000 mg/kg in Citrus reticulata Blanco, respectively. The limits of quantification (LOQs) were 0.010 mg/kg for
penthiopyrad and PAM. The residual dynamic experiments of Citrus reticulata Blanco treated with recommended doses
showed of penthiopyrad that the half life was 18.2 d. The terminal residue experiments revealed that the mean total
residues of penthiopyrad in Citrus reticulata Blanco whole fruit, pulp and peel were 0.277, 0.091 and 0.473 mg/kg
respectively at the pre-harvest intervals of 21 d when applied penthiopyrad with recommended doses. The dietary risk
assessment for the different populations showed that the risk probability of penthiopyrad were far below 100%.
Conclusion The method is simple, accurate and sensitive, and can be used for the residue determination of
penthiopyrad and its metabolite residues in Citrus reticulata Blanco. The final residue test shows that the total residue
of pyrthiamine in whole fruit, pulp and peel does not exceed the established maximum residue limit, and the dietary
risk for different populations is acceptable.

KEY WORDS: Citrus reticulata Blanco; penthiopyrad; metabolite; residues; dietary risk assessment

N IR E R TR B M (11.1940.67) mg/kg, SRR 7 d
0 51 5 TN ML T e ok B e T T %, PAM BRER BT B FF, KK

MHE U5E 1 iz (penthiopyrad) & — Fili 7 780 5% 371 2 1B 40 1 i 24 J5 R E] B 7 d IR E B R . PAML AL ME B 6 5% B
AR R R, RN A 25 RN . R B9 °4(4.79+0.12) . (0.30+0.02)F1(5.08+0.10) mg/kg. &

P UL TR 2R, EEADRPASR . A
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FUZE IR TR W VS L 4, AR P v 1) 2 1 XS 52 31
MOkt 22 106, G R TR W, 7R BE D Y
BB, nkuER T St 2tk R, Hosg DRARTCNE
A7, HAlT GB 2763—2021 (&dh &4 B bRE iR
2t Rk B R ) el T W TR A A SR B ERR
5% B4 PR 4 (maximum residue limit, MRL) 44 5, HAkIRE
B ELE T3R8 BRI R A i KR B FR = (E. H
AR5 ) B P WIE T AE AT AR P A MRL 235318 5 mg/kg Fl
0.7 mg/kg.
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1.1 #R5RF

HIABAIET 2020 AEAEWTIL T A T ) FH () S0 o

M8 B e (4 3 K 99.7%) . PAM(4EJEE 98.8%)(12 =] Dr.
Ehrenstorfer GmbH AF]); 20%MHME B i & 1 7 (H A=
1k AGRO BE &), OiE. FRe(faigal), Sibin. X
TR FREE (43 Hr 4) \N-PA 5k 2 —Jf# (primary secondary amine,
PSA)/ [ A A BUEEHAE 40~63 pm)( FIFZIEL KR
BRI Crs AL RICRLAR: 50 pm, KEHANIIA
KRB H B A, £ Bk 91 K & (multi-walled  carbon
nano-tube, MWCNT)IER}(4ME 20~30 nm, K 5~10 pm, T
T FEYORPPR A R ), JEEE(0.22 pm, Jbatid &
BHCARR A,

1.2 UFE5&&

Waters Xevo TQ-S i i &5 AH €2 3% - 88 B 5T 1% %
(3£ [E Waters /A #)); Waters ACQUITY UPLC HSS T3 #
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(100 mmx2.1 mm, 1.8 pm), Waters ACQUITY UPLC BEH
C g FE(100 mmx>2.1 mm, 1.7 um)(3 [E Waters 23 7]); Agilent
Eclipse XDB-C g #1:(100 mmx2.1 mm, 3.5 um)(3&[® Agilent
43 #)); Vortex Genius3 {EiR{ . KS4000i control ¥& % (18
IKA 2 F]); 3K15 Z.0HL(HEE Sigma A rl); ME3002 H
F KW (d=0.01 g). XPE205 H F K (d=0.01 mg)(FHiL
Mettler Toledo 23 7).

1.3 WA
1.3.1 #Fsuara®

FREUHIAE 45 . RAARESIHKAEN 5 ¢ T 50 mL
B LES, A 20.0 mL 25, #E%(300 r/min)iEHK
30 min, RIEMA 5 g FALEN, WERIRY 1 min, DL 2599%g
B0 3 min 5 E R 2 mL T2475 100 mg PSA 1300 mg
ToKBRBRBER RN B0, TR R LA 2599%g 24,0 5 min,
FHL 0.5 mL FI5 0.5 mL 0.1% P BRIRBIR S5, 2
0.22 pm Y FE 5 A
132 MBELEH

Rk &IE B 0.1%F BRIER (A M ZIEB); i
A 0.30 mL/min; >R A BRI 51 0~0.51 min, 50% B,
0.51~4.5 min, 75% B, 4.51~6.0 min, 50% B; HFFEIRFL
10.0 puL; SRR 35°C,

B & R AL S5 E B IR, 28 R
B TR (GR 1), BB RIER 2.5 kV, ZAHEA
650 L/h, #EFLS RN 150 L/h, BFIEEE N 150°C, &
SRR 500°C;
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(national estimated daily intake, NEDI){ {45 A =0 =0 (1):
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2 F (food intake) A4 7™ i IO 2t (/) KU HE R
FHl NEDI 54 H #1448 A f2 (acceptable daily intake, ADI)AY
A WRFR, ZEUE/NTEHET 100%327R R A LI
KT 100%77m KU AT 57 .
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Tip=— 3)

FH: Co FEHT A 4 SR P B B R BT A R B, mg/kg; C 48 ¢
sk R A7 4 SR R L TR R O PR B VR B, mg/kg; b FE AR R
HBG ¢ FERAENE, d; Ty FEREME T, do

2 HR55%

2.1 FEEHsmk

e, o 4 7 e ) ML TR e L PAML AR HEVE TR, 24X
% @AY Intellistart EAFOLAL, B a2 nbt e o iz (1) o &2 F0
EME TR B 360.22>276.08 Fl 360.22>177.04,
PAM 3 A4 2 5 FE PR F X403 194.10>134.07 A
194.10>174.07, 25 FIFESVINAE, Lk e 7 X5 ¥ 00 TP
FELE
22 BEEXHFSMRL

W TR R AR Pk T A 55, AR PAM MR EEK,
EMFEEEAET, BT 3 FORRMS @i%H: Waters
ACQUITY UPLC HSS T3 #£(100 mmx2.1 mm, 1.8 pm),
Agilent Eclipse XDB-C g #£(100 mmx2.1 mm, 3.5 um). Waters
ACQUITY UPLC BEH C g #:(100 mmx2.1 mm, 1.7 pm)XJ it
WBE BRI Rl PAML H I R 52 o £5 SR W, PAM 75 3 Fh %A
PR R ARG (B 1); MEMERE R ZE HSS T3 A LR B B i)
B HAPAN K, 14525 ( 1B); XDB-C 3 Al BEH C g H: %
B INhE] 42T, (EL e TR i A PAM T BEH C g H: - 1 37 {E B
= (E 1A), P20 e R A BEH C g B HE TR 4347 o
TEA R RS BE VR 26T, BT ZE-0.1% H R v i (&
2A). ZJE-K(E 2B) 2 Fiifi sl AHXTILE TR e A PAML (5135
g TR )57 5 B A R, 25 SRR, AN 2 -0.1% 1 IR
B, HEsbA Y PAM REUEEFIEIE 4T, SEkEE s
15-0.1% FF FRVA B s A

1 ZERMEMNEH
Table 1 Conditions of multiple reaction monitoring
HixY BEBS 7 (mlz) T BT (m/z) T B ) /s HEFLH RV fill 43 1 e /e V
276.08" 0.025 32 29
WL T i 360.22
177.04 0.025 32 13
174.07 0.025 63 20
PAM 194.10
134.07 0.025 63 8
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1100 3'5|2 MRM of 4 chamnels S+ 3100 106 406 MRMofd ch :51?% i 100 0o 3'6’7 MRM of 4 channels ES+
ur o.?g “ 2767 HF ‘ ‘Vé 14 ¢ - | ‘\ 1.66¢7
'&D.;v 0 | 1 [ 1 | -t;(» 0 1 1 Al 1 -VP.—<' 0 I 1 1 A 1 1
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#: A: Waters ACQUITY UPLC BEH C s #E; B: Waters ACQUITY UPLC HSS T3 #F; C: Agilent Eclipse XDB-C s :; TIC: %

(total ion chromatography).
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Fig.l Chromatograms of standard solution
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2.3 EIRCIRSRFRIMIL
231 RIGEA thikiE
SR T HEE

1% R-FEE, ZHF.
A R SR IBGA IR I E R PAM SRR OS2I, 25
TR PRSI B I 7] R I E TR % 10 o e 3843531 oy
30%. 79%. 97%. 78%, PAM RYZS I [EISCR AT 510 0 72% .

H: A CHE-01%H BRER; B: L
Bl 2 PAM FRifEvA W (i

Ko

Fig.2 Chromatograms of PAM standard solution

89%. 76%. HILRALNEE HIRBUET .
232 RKFRBAER THLE
S B 2T ST S 1 T K R R B X} BT ISR (R 520

1% R-4

45 5% BC/KBRBREE A B4 100, 300, 500, 700 mg IR, it
W TR B B B R R 43551 R 89% . 93% ., 91%., 87%, PAM A [n]
RPN 70% ., 87% . 88%. 90%. Litr &, AT
LM E To/K BB BE I 4 300 mg.
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233 HfuitEegicsE

BRBNR R R L RIRSIRFEN S g, I 131
F A THREL AR E BT & PSA. C35 MWCNT,
W52 UERVAM, HirP PSA 84051 50, 100, 150,
200 mg, Cis & 43312 50, 100, 150, 200 mg, MWCNT &
HAMIA 25, 50, 100 mg. A RS I A TRORIA
FRNEC AR MR BE AR VA A T, B ER . 24 PSA
FHHRAE 100 mg LA, MHWE P AT PAM 1) [T 35 R
hn, 53] 86%~97%; 4 PSA FIEKT 100 mg I, [Eiedg
TIRBR . i Cog YEETIE, e e EICR B AT, 34
# 85%~88%Z [, PAM [l AR, 1 63%~69%Z . X
MWCNT Fii M 25 mg 3% 100 mg B, PAM Y ISR
s, fmh 81%; {H R NEMEETR R A F AL BRI 97%:32
WD 2 12% LRE IR, AHE 100 mg PSA L

24 FFEEFWIE
241 ZKMHEE

K P B BT VC FE AR i f o S5 AR R 7E 0.0005~
0.0500 mg/L YEREIW, tHAEaIR. SR, FAEILThrfE TVER
V14 o e P R ) S 0 R AP MO 3R, Nk 2
242 BHESHEE

iz 3 R, BAN¥EEE Y 0.010, 0.100. 1.000 mg/kg
I, ME AR AR . RN L SRR P O DR 4y
HHN 87%~93%. 90%~101%H1 94%~98%, HiXI il 2=
(relative standard deviations, RSDs)& KN 6.5%, PAM FEAT
i AL RE PR RS T 89%~106%
85%~92%11 88%~101%, AHXIHRUEM 225 KA 6.0%, &
PR 0.010 mg/kg. Z5Hi#H L NY/T 788—2018 {KAEH
A 2588 BRI HE N ) i A AT K

F2 MEFEREECHVEHEEHREMSE BHXREY

Table 2 Linear equation and coefficient of determination of penthiopyrad and its metabolite in Citrus reticulata Blanco

M IE TR i PAM
%Jjﬁ\ N 3 N ) oY N 2]
Ry AR ZHL(r) ke AR ZRE(r)
a5 Y=46,989,885.43X+33,055.46 0.9994 ¥=31,293,541.16X+12,077.90 0.9999
RA Y=43,338,746.79X+42,315.33 0.9998 Y=28,728,563.88X+23,861.83 0.9999
REE Y=48,989,140.85X+146,404.63 0.9999 Y=31,266,888.30X+753.92 0.9997

3 MEEERZAN PAM FERIE T 0 T4 U R AR AR R (n=3)
Table 3 Average recoveries and relative standard deviations of
penthiopyrad and PAM in Citrus reticulata Blanco (n=3)

- M WAE TR fie PAM
g/kg) %% RSDs/% %% RSDs/%
2R 0.010 92 4.2 106 1.8
0.100 87 6.5 93 2.1
1.000 93 3.0 89 32
RAE 0.010 101 3.8 92 6.0
0.100 90 4.3 85 25
1.000 94 2.5 89 3.8
R 0.010 94 3.4 101 2.9
0.100 96 5.2 88 12
1.000 98 2.9 95 2.0

2.5 SRR @A

SEERAE SRR IR T 2020 A LR VLT AT A0 1 ) 552
%o FREAFRE I M2 RO 133 me/ke(l
2 5 R 1500 f90), 2l 2 4k, HEZalal ke 7 do
FEOR U245 J 1B 21 1 28 d SRt J3 I E A IR IR/ IX,
BN 4 B . /DX ] B e . Gk BRI
e AE R 2Bk B LI/ N X R TR, B U 24 )i 18] B

0(2h). 3. 7F 14 d At BEHLAADTF 4 #REM L ARTE
TR 12 DGR, ZE 2 kgo MEARFEM:
B RRREA VT B S I B 4~8 IRCOUEL), 43 BURHIAR
() 2~4 M, SIKFEAMRAST, WA EL 150 g FER T
W AR R SRR A AR A T O 1 50 b D) A
4~8 FROUEL), S BORHIARAY 2~4 I, 0B SRR AR, 4%
B AR RS, PUARE5r I 150 g A 5 A
251 HBERER

LERLWI (R 3): Mizh)5 0d, MEUERIRIERTG AR . R
PR B ERT 5 B R 15100 0.579.0.028 F110.977 mg/ke,
BE IR A RE R, A0 SR R AR R >, R
R BRI HTGIN . FEREAS LI N, PAM TERLR FRYER
BB n, SR BN 0.012~0.029 mg/ke, TE4H:
t21~28 d AHEH, FREEE N 0.011~0.013 mg/kg, TERA
g R L P T R AR BRI R T e AR R R
+1.86PAM R hE, 1.86 EMLMER I/ F4(359.42) 5 PAM
I3 T (193.13) B FUARPH . RO e B (A R b M 5 i 2 % 7
HAENE SR PR ER S — R h12 7 RE, i
S 16.4 d F 18.2 do ARIKIMEZS )T 7 d A5 bk [ Jie f
3R 46.6% o LB AR I SR 36°C, FARIRLE 12°C, F#
WRBCK 14 do MEWERENEAE pH A 7 BIZE W H K o
W10 56.8~59.2 d, JEMEFFEWI N 1.7~5.3 h HEMEA ARk
T AT BB ML R TEVED) b R R R 22—
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Fig.3 Dissipation curve of penthiopyrad and PAM in Citrus reticulata Blanco (n=3)

2,52 BRAKRGRIL

TR EH SR EER B 4): LIASUSY 133 mg/kg (i
FIFHZ R TR 1500 f5R)FEiE 2y, Migh 2 ¥k, iazhfs
97 d B, FERIRGZ 21 d R EE . RN, KT
NHCRE B RG34 5R BR 40 51R 0.257. 0.081 1 0.426 mg/ke,
PAM (V- 345% BB B 43 324 0.011, <0.010 F10.025 mg/kg, ML
WE TR i Sk B AP 43 1R 0.277.,0.091 #10.473 mg/kg.
PEAR WK ZY 28 d RARMIMR A . SR . SR P ILE i i
S4B B 43k 0.176., 0.098 F1 0.343 mg/kg, PAM f
SERER AR R 0.013, <0.010 F1 0.029 mg/kg., AHHER
TS KR, o [ A T R bk e T e 7R 2 2K SR Hh i
MRL . H A< F15 R g o e ZE AT AR P 19 MRL 4351
H'5 mg/kg F10.7 mg/kg, HIF% 4 FIAT: NHE PR i 1) e 244 5%

=4

B BE8/IN T H AR RS B9 MRL {8
2.6 BMUERXKITM
AT K E B RAER M 69 e 45

Mg o e AE R W BV E A 3 e il . A
JRBS1 ke e ADI 7 0.1 mg/(kg-bw) (GB 2763—2021), H
RVFHBEARN 6.3 mgo W13 5 iR, T8 2% B SRk
[EIFE 0 21 d B AY5R B S8 E(STMR, 0.091 mg/kg) T A
HFRE R, SR ERMGE S HEAREN 02790 mg, EE
RGN 4.4%, Z5RFIT: MEwEE M — B AR P S
RN, AT, VA, T FEl o A N BT i 7 AR B
TGS AR v Y e A 3% B PR R o, AR B £ XU 1741 485
T, PR L WE P AR AT AR PP 5 KR BR PR LR 0.5 mg/kg.

2.6.1
#H

L

M IEE R PAM LA RELREE

Table 4 Final residues of penthiopyrad and PAM in in Citrus reticulata Blanco

M WIE T4 i 5% P 1 /(mg/kg) PAM %% B t/(mg/kg) M5 P i 55k B =/ (mg/kg)
FE R SR ] e /d
1 2 FHE 1 2 FHIME 1 2 FHME
EeE S 21 0.252 0.262 0.257 0.011 0.011 0.011 0.272 0.282 0.277
28 0.178 0.174 0.176 0.014 0.012 0.013 0.204 0.196 0.200
RA 21 0.076 0.085 0.081 <0.010  <0.010 <0.010 0.086 0.095 0.091
28 0.102 0.093 0.098 <0.010  <0.010 <0.010 0.112 0.103 0.108
P57 21 0.433 0.419 0.426 0.028 0.022 0.025 0.485 0.460 0.473
28 0.352 0.333 0.343 0.026 0.031 0.029 0.400 0.391 0.396
x5 MEERREAE A X ITEE
Table 5 Dietary risk assessment for penthiopyrad
TR BEEWRE(ke/d) SHME/(mg/ke) RERE EEMGEESHEAR/mg HATFEBAE/MmMg KRR %
REH 0.0915 2 i [ 0.183
kBB 0.1837 0.5 i [ 0.09185
KR 0.0457 0.091 B BB 0.00416
FHoAb ) 0.7077
At 1.0286 0.2790 6.3 4.4
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2,62 RE) - BABEER NS F 45

FT AN [ A T A 6 £ 9% Bk 2 G,
Ao It 2 T A £ 2 0 K AT J 2 S 00T R AR A e
10 AR [ AF I B RE G PR T FAR R ACR G 7, 3158
10 MAF IS 2 B TN AR B A LR TR 1 i B B AR (- 6) 25

S I b T P A A H AR ARE R 0.0022~0.0048 mg, fiE
B XS HEZEN 0.040%~0.315%, KUSHAG .. IR R R
B BR S 50 UG B XURE PE A 45 R, 20% M5 14 i =k 72 5, LA
Tl 1500 R R R I2Y 2 vk, W25 7 d, 24 b
Wi 21 d.

R 6 AREIABRIEERRAISMEE R KT

Table 6 Chronic dietary risk assessment of penthiopyrad in different populations

AR AL TR kg R e K2/ (kg/d) fhEAE A AR/mg 0 ARVFHAR/mg A /%
2~3 12.70 0.0441 0.0040 1.270 0.315
4~6 16.50 0.0493 0.0045 1.650 0.273
7~10 22.30 0.0470 0.0043 2.230 0.193
11~13 34.05 0.0463 0.0042 3.405 0.123

14~17 45.95 0.0533 0.0048 4.595 0.104

18~29 55.25 0.0474 0.0043 5.525 0.078

30~44 60.30 0.0407 0.0037 6.030 0.061

45~59 60.05 0.0347 0.0032 6.005 0.053

60~69 57.95 0.0343 0.0032 5.795 0.055
>70 54.75 0.0244 0.0022 5.475 0.040

4 . HPLC [J]. Pestic Sci Admin, 2019, 40(7): 47—49.
3 5 11"} [3] TRUCHE. BIBURTAR: MEWERRED]. A2y, 2009, 31(3): 53.

SR R w0 80V (- FR B T R T T TR ARG 3 Ak
JERE S o i T R A PAM RGN vk, R 2
P, PSA FIIC/KBRREE S AL, 8 E R AR (- HR B
PRI, Jrbs . R WL IRER A TEDR . THRS R
B, VLV AT e B A R I BT Y e B B i R AR AR 2 SR R 9 7
RS E— RN IIF R, 5 16.4 Fi1 18.2 d,
& T S REiAC 2y, RUEZY)E 7 d IHE B A R 46.6%,
55 SCHR (30140 78 Ho AL A4 rh (A R A B0 . Fe AR BR 5
IR, MSER R A . A RS B R AR T
W Rz, PAM 7E R A Hh % B 4/ TF 0.010 mg/kg. KKt
21 d J&, FEAG AL . AR B b, s R e R R
BIMETF 0.5 mg/kgo f 3 R Ak 45 S 5 7 MHk I T g 1) [T %
B HEARN 02790 mg, XSRS 4.4%, 7EARH
SERA B ANTET KU TSN 0.040%~0.315%, YTET] 5278
N
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