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 OE: PESEREKILATS . TR T RES 12 M Tl R E R ik R . S
SRRt g TR R B LA™ CGA321113(Jf5 TR 5% FE R I S HR L, Zehhig . #60T. We4s )5 R 2 g
SERY, FHE A EISRI, Xt RERAE TR ST, . 45380 . 7ETRINKSF8 0.05. 0.50. 5.00 mg/kg
BF, JSERERA CGA321113 FESER AT B I ISR S50 89%~99%F 89%~98% , AHNIHRHEMN 2= 43710
6%~10%1 7%, EWBR¥EIH 0.05 mg/kg; LG HEA UL 100 mg/kg FHHAESER Fitigh 3 I, R0t
b 7 d, TERWIZY )5 28 d B, f5 B ER7E 2 SR rh A 5% BE 180 <0.05~0.14 mg/kg, CGA321113 FFE R i 4<0.05~0.06
mg/kg, F5TAERIYEE A S 4<0.10~0.19 mg/kg; FEARKMZ G 21 d B, 5 BEERTESE R Pl sk i it <0.05~0.15
mg/kg, CGA321113 HJ5EH °4<0.05~0.28 mg/kg, N5PEMERMNEERFH BH8<0.10~0.37 mg/kg, 4% SR KEAM
T e 1 R AE SR P R R AR B B (s IS AR A E KA S HREARE N 0.19 mg, KESETHR 7.5%,
F TN A TR 3 HR AR b T 1T 32252 7K F
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Residue and dietary risk assessment of trifloxystrobin
and its metabolite in apples

LI Wenbo', SU Long®

(1.Hunan Heqing Environmental Technology Co. Ltd, Changsha, Hunan 410011, China; 2.College of Resources and
Environment, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: The supervised field trials of trifloxystrobin in apples was carried out in the 12 main apple producing areas in
China, including Qingdao of Shandong, Yinchuan of Ningxia and Dalian of Liaoning, etc. The residues of
trifloxystrobin and its metabolite CGA321113(trifloxystrobin acid) in the collected apple samples were extracted with
acetonitrile, fixed volume with ethyl acetate after suction filtration, salting out and concentration, and then detected by
gas chromatography. The dietary risk of trifloxystrobin was evaluated. The results showed at the additional levels of
0.05, 0.50 and 5.00 mg/kg, the average recoveries for trifloxystrobin and CGA321113 in the apples were 89%-99% and
89%-98% with relative standard deviation were 6%-10% and 7%, respectively. The limit of quantitation both were 0.05
mg/kg. The trifloxystrobin was sprayed on apples for 3 times with an effective component of 100 mg/kg, and the
spraying interval was 7 d. At 28th day after the last pesticide application, the residue of trifloxystrobin in apples were
<0.05-0.14 mg/kg, the residue of CGA321113 were <0.05-0.06 mg/kg, and the total residue of trifloxystrobin in apple
were <0.10-0.19 mg/kg. On the 21st day, the residue of trifloxystrobin in apples were <0.05-0.15 mg/kg, the residue of
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CGA321113 were <0.05-0.28 mg/kg, and the total residue of trifloxystrobin in apple were <0.10-0.37 mg/kg. The

maximum total residue was lower than the maximum residue limit of trifloxystrobin in apple formulated by China. The

national estimated daily intake of trifloxystrobin was 0.19 mg and the risk quotient was 7.5%. The risk assessment

result showed that the dietary intake risk of trifloxystrobin was at an acceptable level.

Keywords: apple; trifloxystrobin; metabolite; gas chromatography; final residue; dietary risk assessment

SEH(Malus pumila Mill)J& T Rk Rk 3,
B AR, D E ISR AR E SR ST
VR M 5% SR P I s 2 FiE B i
K, 2020 4FH EFER PR 4.0¢107 ¢, (5 R
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KA TR A BRTHEAF).

i TR TR AR S 4B A 98.5% (b Attt 40 LR A=
Y ARA RS T ; CGA321113 Hi 1 i 4l i Ky
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AL TR AR A FRA )
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Table 1 Soil conditions of test sites

TR b TR pHH AR Y%
LTI s 7.2 2.35
TEBN R £ 5.5 247
INARHF S Wt 6.5 1.79
LLIPE R S b+ 6.0 2.10
T R B U 5+ 7.2 2.65
WALA KT b 8.1 2.67
LLIPEIZ I 5+ 7.2 1.86
e Ph ek BH [ = 6.5 234
g H B+t 7.0 2.90
BriE L EoARF R 6.5 420
LA Fritge 72 2.74
HR =M Fridge 6.9 1.49
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FESE IR A K Z 2K K 40% M5 BT - A< Bk 3
e WG LI R85 P& 100 mg/kg(HRIF) F & i e
4000 f5) 5K . W2y, dLitizh 3 Wk, iz
B 7 d, FEARUIZY )G 21, 28 d 43 HIRAESEREEM
K i A R AT CGA321113 sk B &

K FAMEAE s ORE L, 7E48 /N PREE 1 kg B K
IEH TR E R, B/NXOREE 2 ST AR S . K
moRAE NS, S ML, R I AR
<1 cm MRS, TRA)E DU/ 48 3R 5 Sl
2 4y 150 g BIAE(A . B FE, A FEFITFAREIN, B AR
R AT 48T, HAr R T-20 CH e
RIS
1.3 WM HTEE
1.3.1 #&BRRE 444

FRELC il & 4 SRR 10 g, 219K 2 min,
5N 250 mL IR, JIA 40 mL 20, 7595
FEAPIHEIR (30 CHRZAHEE 30 min; HHE 5 min J5K
FAAT G F bk, BV ARG 5 g @A 53
W=, J&% 1 min, FESZESBCEZEHER
TENEEZE R X(50 °C, 135 r/min) ¥4 2 TARAS,
T LR OBRHE I ERZE SmL, 12 0.22 pm JEAK
JE i N A SHERER, RO E .
1.3.2 AAREESH

ZIESCHR[19,211/ 7%, B S5k, 7
Ji5 T EE AUEACIS ™ CGA321113 BYSAREIEA I
L

15 BT B AGLIN 4525 . 6890N U AR (i A s (3
TSN HP=5 BAEAIEEFE(0.32 mmx0.25 pmx30
m, Agilent Technologies), #EFE TR 270 °C; ECD
RrER R 300 C; FERSE 180 CLHR%F 2 min,
LA 30 ‘C/min BET}E 280 'C, #4F 4 min; S
W 3 mL/min, EWHi#E 45 mL/min, ¥ HES
(99.99%); iR 1 uL, A3, RS, 5
PRI £ 04 (9 £ B 5[] 24 (7.00£0.02) min

CGA321113 AU 7890A BV AH (IS
PEREIIRIE 280 °C 5 FERSE 150 “CH4FF 1 min, FLU
20 °C/min HFRT}F 2 280 C, f£45F 1 min; FEEER 1 uL,
YUt 10 ¢ 15 JCABZA 5 5 AR i s D 2% 14 AH
[, FEMAIET, CGA321113 (aiBud s B mt ) Hy
(6.15+0.02) min.

1.3.3 Arfiw &2

FREX 0.050 8 g Ml I lRAR I i (LA 98.5%)F
0.050 1 g CGA321113 ArfEf(ZEEE A 99.9%), 435l
A 100 mL ARG, H R OERF IR
il B R A 500 mg/L A5 R AT CGA321113
B, AR RUST R BE 2l 0.01, 0.05. 0.10,
0.50. 1.00. 10.00 mg/L MIHRAE TAERW, % 1.3.2
M INRE o B PREE TR I 3 K, 455
XM, DS EESF CGA321113 (R ()N
P ARAR, ARSI TR A bR, ZeilbriE
TAEMZ .

1.3. 4  FriktgRmeii g

Va1 NI = A S = S RN | W ol
CGA321113 brAEi i, il R CGA321113 71
SERF AR 435124 0.05.,0.50 F15.00 mg/kg,
BENIRIAKSF R S W, 5 IR A X s v
#(RSD),

1.4 BRWEFGE
.41 HHBRELETEF %

ZIESCIR 221090585, KRB & b i T g 2
HARHT=H CGA321113 5% B A 3 ke i R i
BATETR B M (CGA321113 W8 il silis i) 240k
1.036), GnARFEM PG REREL CGA321113 15k &
AINFHE R R(LOQ), AR KBS e RS, T
F LOQ R H R B it
1.4.2 RNt EF ik

2 BRSCHR [23-24109 J7 16 H 58 i TR R 1Y) e R Ay
S8R H £ A B2 (NEDDFIRE 48 AR BT (RQ) o 58
FRC ek AS . Bk, SERSE 29 el k1S5
18P, B BT B AR T RS TR, A
g TR 2 HBE U 8 5% B 0 (E
(STMR)zX MRL f K1 1 FYEYIEATITE . o Hile
(AET e A AR 25 H R A (ADL) A 0.04
mg/kg!"!, P E AR PR B 63 kg iR,
i R AR ZE 2 IR 2002 AR AH R EARE
NHEH RS 4L )P, W4k &80 MRL
(" R AR 0 5 T B 7 3 2R v B v 1 GREATG
RS ARARSEN], BCRMRIFARA 21 d 1 STMR)i#
AREE R . 24 RQ<100%H}, A NIFA&RZYy
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R ATz, HAEBU, KU A

2 HR59H

HIX AN EE R ERE B EE
Ji75 P& B 5 CGA321113 JiT it ¥k Ji 4 0.01~10.00
mg/LIN, 5 R AR E M 207 5 y=62 067x-226,
R*=0.999; CGA3211 131k 77 hy=36 653%—
55, R=1.000, HiZe2mI%, 7ENGHBEECGA321113

2.1

IIN7KSF-40.05, 0.50., 5.00 mg/kghf, J5 HER7ESE
R i S 3405 n 1R Ry 89%~99% , RSD
6%~10%; CGA3211137EER (1~ F- a8 EDieR
$189%~98%, RSD¥IM7%. J5 B MCGA321113
TR R ILOQY M0.05 me/kg, F7iEAuZky: . [l
WO L R EE FORG % B A4 B A 2 5k BRI 2K
Ji5 B FICGA3211 131 SR (i WL IR 1

#*2 FSEERFMCGA3211137EFE R AR M ELE K RSD
Table 2 Recoveries and RSD of trifloxystrobin and CGA321113 in apples

. Y 2 llﬁi$/%
it IACE/ THECE%  RSD%
(mg-kg™) 1 2 3 4 5
Ji5 P e 0.05 105 98 89 100 103 99 6
0.50 93 104 81 86 83 89 10
5.00 82 93 90 88 102 91 8
CGA321113 0.05 94 93 95 98 110 98 7
0.50 83 98 99 95 93 94 7
5.00 86 92 89 81 98 89 7
2500 |
6000 |
2000
7.021 5000
£ 1500 S 0r 6.984
o o
= 5 3000
£ 1000} =
2000
500 1000
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
s ] /min i /min
a b
3000 7000
2500 6000
5000
5 2000 N
jas)
i 6.148 = 4000
g 1500 @:I\ 6134
E 1;{ 3000
1000 [ 2000
500 | 1000
0 1 2 3 4 5 6 7 8 0 i 3 3 3 5 3 7 8
5] /min i [] /min
c d
a  0.05 mg/L IS HERPRIERT: b AN 0.05 mg/kg N5 BIBRAUNRAE: ¢ 0.05 mg/L CGA321113 FRIfER: d  #¥N 0.05 mg/kg

CGA321113 FRERFE

Ell FEBsFICGA3211134) Al i
Fig.1 Representative chromatogram of trifloxystrobin and CGA321113
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22 FEEENRAKRBRNESR

M 3 AT, FEARUMZS 51 28 d B, 5 TR e
TESEF AR5 B B <0.05~0.14 mg/kg(<0.05 mg/kg
R 15 BRI AESE SRR b R 5 B AR T = PR 0.05
mg/kg), CGA321113 B8R A EAULVTE I 2 M
(153514 0.05, 0.06 mg/kg, HAM<0.05 mg/kg;
FEAR 2G5 11 21 d B, B BB SR (0 5% i
}9<0.05~0.15 mg/kg, CGA321113 %% B HHAELL

AR WHACERIE . ILNPEEN 3 W, s E
4 0.06~0.28 mg/kg, M 4 1A, FEARIKIEL G
28 d B, 5 EEmEESER Y 5R R B <0.10~0.19
mg/kg, FREHRAMHR)N 0.19 mgkg, STMR K
0.13 mg/kg; 21 d B, MoRBRTESEIR P AYERE SE
41<0.10~0.37 mg/kg, STMR ¥ 0.14 mg/kg, HR H
0.37 mg/kg, AR TRE. KE. BREHE
)i T R S S i MRL {8(0.7. 0.5, 0.7 mg/kg).

=3 EHEREFICGA32I113EERPHISARBRES

Table 3 Final residue of trifloxystrobin and CGA321113 in apple mg/kg
. i VR R B CGA321113 5B & N Ji5 TR TR BE CGA321113 5 &
28d 21d 28d 21d 28d 21d 28 d 21d
LTI 0.07 0.10 <0.05 <0.05 1P iE K 0.07 0.09 0.06 0.28
0.80 0.10 <0.05 <0.05 0.08 0.08 0.05 0.12
TEH 0.08 0.09 <0.05 <0.05 B Ve ek FH <0.05 0.06 <0.05 <0.05
0.09 0.10 <0.05 <0.05 <0.05 0.06 <0.05 <0.05
IR 5 0.13 0.15 <0.05 <0.05 TR SR 0.11 0.12 <0.05 <0.05
0.14 0.15 <0.05 0.13 0.12 0.14 <0.05 <0.05
LLIPE R 0.08 0.08 <0.05 <0.05 B SRS <0.05 <0.05 <0.05 <0.05
0.08 0.06 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
T R U 0.09 0.14 <0.05 <0.05 ZEAEM <0.05 0.11 <0.05 <0.05
0.12 0.09 <0.05 <0.05 <0.05 0.09 <0.05 <0.05
WAL T 0.06 0.06 <0.05 0.15 HR =M <0.05 <0.05 <0.05 <0.05
0.07 0.08 <0.05 0.06 <0.05 0.09 <0.05 <0.05
=4 FBEREEERTPHNERELRE
Table 4 Total amount of trifloxystrobin final residues in apples
SRl la] i/ R E i (mg-kg ™) STMR/ - HR/

(mg'kg™") (mgkg™)

28 <0.10, <0.10, <0.10, <0.10, <0.10. <0.10, <0.10. <0.10, 0.11, 0.12, 0.12, 0.13, 0.13, 0.13 0.19
0.13. 0.13, 0.13, 0.14, 0.14, 0.14, 0.16, 0.17, 0.17. 0.18. 0.19

21 <0.10, <0.10, <0.10, 0.11, 0.11, 0.11, 0.13, 0.14, 0.14, 0.14, 0.14, 0.14, 0.14, 0.15, 0.14 0.37
0.15, 0.16, 0.17, 0.19, 0.19, 0.20, 0.21, 0.22, 0.28, 0.37

2.3 FEEEREE XK
JAFE 5 0 55 ARG TR R NEDI 4 0.19 mg,

RQ K 7.5%, WEREHIZMT 100%, 4Tz
Ko

®5 FSEEEHERRXKEITAE

Table 5 Result of dietary risk assessment of trifloxystrobin

BiclED BYIH%E ke SEHRE/(mgkg") FRESER NEDI/mg H R A i /mg RQ/%
TKFF K B I 0.2399 0.10 MRL('E)  0.023 990

U [psEEsiif 0.1385 0.20 MRL(H'E)  0.027 700

Fok HAth 52 0.023 3 0.02 MRL(TE)  0.000 466

o ER 0.049 5 0.02 MRL(FE)  0.000 990

F NN 0.0915 0.70 MRL(FE)  0.064 050

R AaNi 0.183 7 0.30 MRL(HE)  0.055 110

AR TR 0.045 7 0.14 STMR 0.006 398

LS R 0.003 9 3.00 MRL('E)  0.011 700

Hit 0.776 0 0.190 404 2.52 7.5
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3 HFR5Te

AT, SRS A i TR R A AR
W) CGA321113 ZESER AP RAGRE | L) 40%]5
PATE- ATk H PR WG 424 20853 L 100 mg/kg 7E
SR B S KIS 2 3 K, RRKRIEIRG 7 d, Rtz
J5 28 d W, JEEAERRYEREE R H<0.05~0.14 mg/kg,
CGA321113 F5E R 1 4<0.05~0.06 mg/kg, f5 EIERAY
FRPA M 4<0.10~0.19 mg/kg; ARUKHiZy )5 21 d i,
JF5 TR T 7 5 2R 19 3% BE i O <0.05~0.15 mg/kg,
CGA321113 F5E R i 4<0.05~0.28 mg/kg, f5 EIERAY
5% B 9<0.10~0.37 mg/kg. FR B EARAENE T
1) 22 A0 AR AR SR P %) MIRL A, 7 422 1 5 FRi
WA AT AR B T, LBk R s e ]
P o BRINZRT & . WHbARE . ILPEEhg 3 #ish,
CGA321113 BFk A BT HE =R, CGA321113
TENG RS R b G He L, x5 LS e
CGA321113 TE/K Rk i 5 TR AR B et v 5 L
TR 4 A —2, L1 20 Wrge i, o ime
L 16875, 225 g/hm’ (IHRIZE 3. 4 W, Ry
28 d IS TRIERTERS A B% B B KB 0.39 mg/kg; B
DRGSR S, TR 75% I - e T T L
112.5 g/’ (G255 BE 1000 175) 4 24 3 1K,
KU 28 d B T R AE A Y B B B R
0.103 mg/kg, CGA321113 Kk, ARG
BHEETESESR A 21 d F1 28 d IR B e K (-5 HAE ]
— BB

ABEFE T, X TR B B AU AT T
A, Ui NG TS 9 NEDI 4 0.19 mg, RQ 4 7.5%,
P NG TR 1 AR A KBS AL F T 252 K-, th T
Il R ERTEBICAE Y R B RN, i ars
21 15 A RN 4 ARUR: RQ AR AR

SE WK

[1] #b=. Strobilurins &% B B EAE ).
%245, 2016, 55(9): 700-702.

21 VT, =, BEE, F RN RBRBIA RN T
IRFFHEN]. 425, 2020, 59(3): 228-230.

[3] LUOXS, QINXX, LIUZY, etal. Determination,
residue and risk assessment of trifloxystrobin, trifloxystrobin

acid and tebuconazole in Chinese rice consumption[J].

[4]

[6]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Biomedical Chromatography, 2020, 34(1): e4694.
KIE, BiRa. B i RN IR TR AR 2
SR HTITTCHE R[], A5, 2020, 10(5): 67-71.
B, FAFUT, WRAPT. 42.8%3R A - i T i R 7
X 26 it - aE e ) FH AT B 2 (0], 24, 2014, 53(7):
518-519.
WURL, ZHOUTT, WANGJ, etal. Oxidative stress
and DNA damage induced by trifloxystrobin on earthworms
(Eisenia fetida) in two soils[J]. Science of The Total
Environment, 2021, 797: 149004.
BRBH/ANDR, RIB, ERE, 5. JSREExHsE ey &
PEREME R P )], A SFEHAAAR, 2017, 12(4):
327-336.
ZHANGC, ZHOUTT, XUY Q, ectal. Ecotoxicology
of strobilurin fungicides[J]. Science of The Total Envi-
ronment, 2020, 742: 140611.
YANG L H, HUANG T, LIR W, etal. Evaluation and
comparison of the mitochondrial and developmental
toxicity of three strobilurins in zebrafish embryo/larvae[J].
Environmental Pollution, 2021, 270: 116277.
BANERJEE K, LIGON A P, SPITELLER M. Spectral
elucidation of the acid metabolites of the four geometric
isomers of trifloxystrobin[J]. Analytical and Bioanalytical
Chemistry, 2007, 388(8): 1831-1838.
LIPY, WANGL, HAO X H, etal. Dissipation and
residues of trifloxystrobin and its metabolite in rice under
field conditions[J]. Environmental Toxicology and Chemistry,
2014, 33(12): 2654-2660.
Food and Agriculture Organization of the United Nations.
NSP-T-List of pesticide evaluated by JMPR and JMPS
[EB/OL]. [2021-10-10]. https://www.fao.org/agriculture/
crops/thematic-sitemap/theme/pests/Ipe/lpe-t/en/.
GB 2763—2021 f i EEFEEME BihhRiR
Rk B FRAE[S].
Electronic Code of Federal Regulations. Pesticide MRLs
[DB/OL]. [2021-10-10]. https://bcglobal.bryantchristie.
com/db #pesticides/query.
European Commission. Pesticides Database[DB/OL].
[2021-10-10]. https://ec.europa.eu/food/plant/pesticides/
eu-pesticides-database/public/?event=product.selection&l
anguage=EN.
TR, FRRT, ARG, A B RERORAR -SRIk
JO 000 T T T R B A T PP SR A [ AR 2y
Bl 583, 2020, 41(1): 29-33.
Bll, BRI, KA BRI @5 E S5
Pl AN B R T]. B R A BT AGI A, 2016,
7(2): 535-539.

(F4% 120m)



