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% E: B8 MR R 2GR B DT KU TEAL, IR T AR 258k B T B S I AR DG . F5 R
ISR 156 HKFERRER, A5 FAE AR 255k B S, R AR SC B b v S 20 2 5 A 5 A PR R 10
SPERE UK . RIS AR S B R AE AR 3 C (vitamin C, VO) . AIEMERE . nlifEmR . R . BEY) . @
BE, OATARZER A S AR . SRR 156 HLUCREARTE 104 B HARAKZ R, JLAGHE 19 R 2G5, RiG
H AR 25 5% B BORE A o5 B RS E 24.36% . A 3 R 3 RN ZY 25 BAR A R S 15.39% i
I R A A KR R R, KR 0.408 mg/kg, A 26 46.15%. A% RIS H f5e s PO R RE IR R e, K
R 21.79% . A HURIK H 05 (2 SR T, K 2% 12.18%. A0 HE I HAT R U FR I AR 25 B R e s 8k
AVEREERARE RN T 10 VO SRRIERIEME, aEMER S EAIEM R . SZERIEMK . Sk
P SAARSE, AT SE PR SRR MR | kR e A0 A TR T TR O, SRR B SRR R AEASE, BB 5 R i 71
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ABSTRACT: Objective
correlation between pesticide residues and the quality of Fragaria ananassa. Methods

To evaluate the risk of pesticide residues in Fragaria ananassa, and analyze the
A total of 156 Fragaria
ananassa samples were analyzed for pesticide residues. Based on the acquired pesticide residue data in Fragaria
ananassa samples, the acute dietary risk of the target fruit was assessed by applying relevant maximum residue limits
and dietary exposure assessment methodologies. Meanwhile, key quality parameters of the Fragaria
ananassa-including vitamin C (VC), soluble sugar, titratable acid, pectin, solids and hardness were determined. The
correlation between detected pesticide residues and these quality parameters was then analyzed. Results A total of
19 pesticide residues were detected among the 104 kinds of target pesticides across 156 sample batches.
Pesticide-free samples accounted for 24.36% of the total, while samples containing multiple pesticide residues (=3
types) represented 15.39%. Among the detected compounds, the plant growth regulator chlormequat showed the
highest residual level, with a maximum concentration of 0.408 mg/kg and a detection rate of 46.15%. Among
fungicides, boscalid had the highest detection rate (21.79%). Spirodiclofen was the insecticide with the highest
detection rate among insecticides (12.18%). Notably, the pesticides with insecticidal effects detected had not been
registered on Fragaria ananassa. The acute dietary intake risk was below 1. VC content was positively correlated
with chlormequat. Soluble sugar showed a positive correlation with procymidone, positive correlation with
carbendazim, and a negative correlation with prochloraz. Titratable acid was negatively correlated with
chlorantraniliprole, dinotefuran and trifloxystrobin. Pectin content was positively correlated with chlormequat, while
total solids were negatively correlated with prochloraz. Hardness exhibited no significant correlation with any
pesticide residues. The detection rate of pesticide residues in Fragaria ananassa was high, with a wide variety of
residues identified. Both cypermethrin and dimethomorph were found to exceed the standard limits (0.64%),
however, no short term dietary intake risk was observed. Appropriate application of the plant growth regulator
chlormequat had a positive effect on the VC content of Fragaria ananassa. But chlormequat was not registered for
Fragaria ananassa, and further screening of alternative agents was required. Conclusion This study assesses the
dietary risk of pesticide residues in Fragaria ananassa and investigates their association with key nutritional quality
indicators. The integrated safety-quality assessment framework established can be extended to other high-value
produce, providing practical value for guiding evidence-based pesticide application and enhancing the overall quality
and safety of agricultural products.

KEY WORDS: Fragaria ananassa; pesticide residues; risk assessment; vitamin C
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T AEROGTE (Y TA]

SR B IAR 2 X G i U L PRSI | B
JE BN BE AT B, (H R I R A B B TR A A 2
Mo DRI, FFEETT IR B v A 25 5% B A -5 1 £ LR 1
i, BN SR A A L S KU RUE AL AT EE S
AT TR, BUA IS8 22 48 b AR AR AR 1Y 7 X 2R 52
st S AT, A 2 ) A 24 X B R SR i ST T £
ARSI 14 = RGEIE, S A AR 295K -5 2R 58 R4
ZIB AR, XIHE SRR, R R R L e S '
Mbb R RAEREE L.

Lr BRTIR, HHER XA A 2 5 B B B —
M, HZER TGS L2, ERAGKE SR
St FORHRYE DT TR A 2 o PRIk, AFFERLIL
T B X ER BTN R, RGE T HAR 25 5% B UK,
PEAG G T BRI, I — P RGUR 25k B 5 S i A
PRZIBI AN, DI A 2 4™ | i S T S BUR
PRI A R DA R PR S

1 RS

1.1 MR5RF

FLREAE AR [ 2024 4RI TR B RS . KiE. L
I 587 b 7 B R

DU REME . BRORBERE . PUER R . S REERE . TR
FHERME | BEMERARE . JEEEA] . WEE R . BB . W
B . TR TR WREERE . kb . GBI . FURE G . TR
WERRE | T SAR . WEEENE . JWEEY . F A SERAE R R IR
FRh . DGMERE , DCRAME . ZWEME . BRI
SR FUOREABE . B5EER . WM TR . 252/ . IS
W AR AR e nE SRR MR INE . RRIE
RIS, B2 mE . A R, 2Rk IRt
noupk SRR R . PclEle . EURAETR . Wik .
JOE. EBETE . R DTIREE . HUENS . BRIRIR . mEIE R |
FOECRE | AR . R . UL . GREUTSEER . R |
FEEmE . 28, FEBEmE. PR, wag. RE. 3%
AR AR, SEREAES . DREEE . KYNR. FUR
Zle . WEHGR . EURWEEE . e el R
MRS . BB . AT, BRGNS . IR . AR
B FURE . SRR SRR R . mRiEEE . JRER |
A BAR R . TRTRNG . SRR . SRUNE MU | SRR |
SRR, VUMEVE | REE  OBmieR | wEdOk . BUfER . B
BEME SR SE 104 PR Z5HR1E L [ YR I 1000 mg/L, &
b A A RIS o B A B R b (KD, HRE . 20
(faikal, f8E Merck A, FRR(EIELL, JLatil DR
A FR 2 F] 77 56 ); QuEChERS 2HUf1(6 g MgSO,+1.5 g
NaOAc, i I IE K 3 A % 1045 FRZA F]); QUEChERS
1L 40 [25 mg N-A4 3 2 — B% (primary secondary amine,

PSA)+2.5 mg f1 2% fk ik 2 (graphitized carbon black,
GCB)+150 mg MgSO,, F &L R FRAF]]; 0.22 um
A BVEF L 08 75 (UL BE BT BRE 297 S A PR W), R TR
AN, LH-PURMER . WARTALER . CRREE. A, |
AL (e, i E 25 S AL 2= R R A FRA FDD; 2,6-—
B (e, BRI T AR R B A R A A,
FUPERERR (S dral, bRt E REEDIRHE A R FD.

1.2 UE5E%

ME2002E 437 KR 0.01 g). ME204/02 43 H K
TR 0.1 me)[ MR R 2R (HEHARAF ]
AH-30 & H BB ERHER B RO A RAF] $
ff HC-3514 it 8 O AL CEBUP R AR A R A A );
XYE-H 1 B8 45 8 2 7K AL (I 55 90 000 ) 4 A5 B A ) );
Waters Xezo TQ i =53 AH 0 % - I T % . ACQUITY
UPLC HSS T3 WA G i54:(100 mmx2.1 mm, 1.8 um)(3EH
Waters 22 H)); TSQ8000Evo S A 23 B i ik A (32 [E 2k
KRB A FED; TG-5SILMS M 3354 (30 m=0.25 mm,
0.25 um, EEZHEEA ), CTB2 HASHEHLE FEIAG 2278
o), WYA-2S iR R a8 % 25 A BR A F); Five
Easy Plus % & 11 [#5 57 FE 0] 2 A3 (1) A BRA ]
UV-2550 436G EETH(H A B A l); GY-1 BE BETH(HTLAE
W 2 ARFH B A BRA F
1.3 XWFFE
1.3.1 REBGZEGHEM Tk

BIZAER R | e EERE . BEMERa G . TRME PR E . mg
PAITR . DROERE . kb JRpamE . JRhERe . HEDRRE . WS
B, ZMERR . PR GERTAE R E IR T REL . MEpREEER S .
METRMERE . B P ER . WSl TR . 280 . ISR | e U |
WEHUBK . RpmemE . BRLER . MEUES . B ZEE, ZER
WEMEER . Z2Rmk | IRtk . SRR F IR . ReEEER . ok
Hup . REME. RZREE . HUBERG . BRIRIR . BEFEMR. BCR
MR . 2. AR . sl SRR &R . KA
WEE | FRECEL. PROCHL . FOREE . AURNR . S e
W BT . TRURENR . MO . TRUREME | RUNE SRR . SRR |
QIR VUV | BulliRy | E Ok P RS 61 Rl 2R
FABAH G- R e, 2% GB 23200.121—2021 & 4h 4
EFhriE MPIEER S 331 Fhkzy R HEARHER B &
FIMSE YRR (0% - TSI R I ) R O gtk e | R ik R
e JEEA . CBEER . AP, BEERR . RN . e
B CRRME WS TEG . SERRR . R TR L PO
WETH AN . AEAEER . EPETE . NIREE . mAER | RER .
TR RURNE . RUEUTEER . B . R PREE . B
M. BCORZHMR . EORUTAEE . DPimeE . FURAEE . —
ARG SREE . MR KRR . RN . R
lE . WhEEREE . CHmEER . BER . WA, =
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Pt MR EE I SRR SR 43 Rl 2R A (k- ig L S
% GB 23200.113—2018 { & &L EZhrifE EPIEMEE
fh 208 Flife 2 K AR AR B e S G-
R ) R
1.3.2  &AAHAER T

VC R GB 5009.86—2016 { & fhit & EFE b &
ih R HTIR I EREIINE ) o 2,6- —EEEETHE A, AT A e
225 NY/T 2742—2015 KRB T HERIE  3,5- 1
FKIR L35 ) Jridkkenll; lTHERRZS % GB/T 12293—1990
KRS B PTG RREEAIE ) Jrybmni; g
NY/T 2637—2014C /K F R AT HE IR & ikl r 5
A0 ) R, SRR NY/T 2016—2011 (K5 R I
il i P SR B B I S A G ) AR s e R
NY/T 2009—2011 7K FA BE B 5 ) 7 pAirin .
1.3.3 R&#ffE 7 ik

()RR B BRE DA

% GB 2763—2021 { i Z & ERRME itk
il KAR R E ). GB 2763.1—2022 { &% 4 FEEAniE
B 2,4- TRRENERSF 112 PR 25 RFR B IR ) 9847
H5E

Q)2 BB A AR

MR 4 A 2 5% B8 B 21 (Joint Meeting of Pesticide
Residues, JMPR)PFAli & 255% B 1 G bE G R A i, M4
FrHEAE 0.025 kg DA ERACR, IF HEABUE/ N T RHR M
BH AR, B BA X O)~Q) 5 2 R E AR
(national estimated short term intake, NESTI)['"2!1:
U xHRxv+(LP-U)xHR

NESTI = (D
bw

HQ= NESTI ?)
ARfD

b NESTI hEMEERAL, R T rkEGRE
PREEARZG R Z 78, me/kg bw; U MR E R, kg,
FEANER EEI(E R 0.035 kg; HR A 3145 1 f ok ik
B4 it (highest residue), mg/kg; v NS RE, RABINE
5217220 P R RIS R B Y H I RE T (large portion)( 55

97.5%MTH % 4), kg, 2~7 % JLE 0.0658 kg, 20~50 & KA
0.0925 kg bw S A4 (body weight), kg, 2~7 % JL
# 17.9 kg, 20~50 2 AN 63 kg, HQ Sy 21k I £ 158 AU
(hazard quotient); ARfD & & PEZ % 5| it (acute reference
dose), mg/kg bw,

M HQO<1 W, FREMHEEEEARE R L%, HQ
Mo, KON, 2z, M HQ>1 I, FRA AR HEZN A
PERUES, HQ K, WURERA . 433Xt . LR 2tk
EARANRBS AT 0T, HARRES R EE 490k <0.5 BT
Bi, =0.5~<1.0 BHEALSERBERNL, =1.0~<1.5 17
FERBS, =1.5~<2.0 BERRUEE, =2.0 RARE,

B)Li A U AP R 7

i FH R 255 e PR R (functional safety assessment,
FSA)FF T4 2455% B KU HEFE S, ARG FR:

TS=(A+B)x(C+D+E)xF €))
P TS AU A3 (total risk); A EetE, REESE &
(lethal dose 50%, LDso)1%4y; B N H 1T A &t
(acceptable daily intake, ADD)f541; C HEIXZ5 W B
BRERMILLG], D AR MmN f, E VR GAE SRR
NBE, B TAEAE 288 AR, BUESY 3; F Rl H (e 1553 .
HARPF bRt L2 1.
14 HIELIE

SR LA U T E S5 R0 EE A, [ WPS
Office 12.1.0.22529 hARAs HIREHATEIR S0t 5%
P, Origin 2021 47 HH T o

2 HRED

21 EEEHRIAE

X} 156 HER FEAERE ST T A4, RS s
59 R, 37 RhARER . 8 R AR KR G
VI8 bV, BARKS B H 75.64% 46 A 25 5% 58 19 Fh, 4k
A, KR SRR AE . KRR
2, HAp R ALY AR 3 R R 8 AL AR
8 B, A H R R A A K AT RV R, oKl

#1 RKEHFF A~F BEXHES
Table 1 Definition and score of A—F in risk ranking
; ; COF I & it ) ECR T AFAE FCRz I A (B

. AMDxfifis)  BADI) W pckztmERme o T

75 7R RE B EL )/ % &3 IN D) 44%)/(mg/kg)

7E 3L G2 7E X G 7E 3L G 7E 3L 553 X E 3L G

1 >15000 0 >10.000 0 <2.500 0 <2.500 0 No 0 Nd 1
2 5001~15000 1 0.101~10.000 1 2.501~20.000 1  2.500~20.000 1 Unlikely 1 <IMRL 2
3 501~5000 2 0.001~0.100 2 20.001~50.000 2 20.001~50.000 2 Likely 2 ii\)/[l\l/[{{IEL 3
4 51~500 3 <0.001 3 50.001~100.000 3 50.001~100.000 3 Existing 3 =10MRL 4
5 1~50 4
6 <l 5

e F R AR S AN P, MR 245 AT di = 5% B B 2 {E (maximum residue limit, MRL)AY, IR FRE(EICE, 5LL MRL 2R, 1

IEF il R BRAELAE S 0.01 mg/kg; Nd R ARALH, Al 45 RAT T H R
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Table 2 Detection of pesticide residues in Fragaria ananassa
K245 I A AR
R FEA AT 0.408 0.050 46.15 RAERRE FEAD / /
T Tk I A 0.248 0.027 21.79 Bid 3.00 0
Lol A HGH 0.354 0.091 12.18 AR BB 2.00 0
1 2,1 AR HGH 0.202 0.035 8.97 RAEH R BB 1.50% 0
15 T g AREEH 0.061 0.017 7.69 Hid 1.00 0
ZWR AT 0.369 0.068 6.41 RAEFRE FEAD / /
VAl AR HGH 0.104 0.024 6.41 AR BB 0.50 0
EZ U TP A AR5 51 0.019 0.014 6.41 RAEH R BB / /
I o ik AR HGH 0.406 0.017 321 KA R BB 2.00% 0
VLT N AREEH 0.123 0.012 3.21 ARTERRE BID 0.05 0.64
AR P fre A 0.065 0.026 2.56 RAERRE FBAD 1.00% 0
ik R e ENpl 0.048 0.018 2.56 id 3.00 0
JE AR Nl 0.125 0.088 2.56 il 10.00 0
it Jrie AR 0.041 0.031 1.28 ik / /
Jie ek i TP A IS5 0.033 0.028 1.28 ARTERRE BID / /
Rk A 0.113 0.076 1.28 RAERRE FEAD 0.07 0.64
L A HGH 0.015 0.014 1.28 AR BB / /
L Nl 0.016 0.016 0.64 il 7.00 0
g P A HH 0.014 0.014 0.64 ARTERRE BID / /

T IR BR A BRAE S /3R T8 R 7E R AE AR 25 R B IR, AR /3R T80 BRA AR, T LATGME TS A b

9 0.408 mg/kg, i F 46.15%, ZTH I H e s Ay J2 e
WEA e, KR 21.79%, A HURIREERERS H fe e, A6 R
12.18%. SALRtHiIX K 44 Rk 25k BRI LL, A6 Al
KRR, BEMERRNG . R A2 . SRR . B RAG
Y, UL T X S AC st X2 T A Mz Ak, 5
RGP L, REIERE AR . S RS R, H
HEARFIE, FIbX 250 BERPHERR 5w, iR
M 2 AR .

FEAh T Z R A 2R 2SR DL 1, RAG A 25k
FRRE S 7 R AR A 24.36% o At 3 il B LA A 2% BR 1 A
b TR BB 15.39%. AR 2 2 HR B DL AE B I AR A,
WMFAY 67.60%% . F#E 27.27%13 . FRM 32.50%2%) . 2B
54.60%°7, S ARTEFIRR AR A AR R, 2R 25 B iA R
G AFTE

AR 19 FheZih, X 6 FlURERIFE SRS EETT
THEAL, AR AR 2 R AR R B R B IE R 2l
PG R g o (HS BRSSP G AR B ek 25
H R R A 2 AR 84% I LA EL, ASBIFSE Hh AR DA 2 AG
LB TR, AR A2 B 12.5%, ULWTIEARE R
T AR 280 TAEAT BTt . 7K Hh R 24 rh R fef i
JBFRIRY, B RE T ASIORY, BB, (A
R EBR A, AFF WS AR IR S el

22 [RERETHE TR
Rz A 24 B R B LR 2, G v 0 I ) ARG 1

3.21%, 1 AFEMEAR, BARE 0.64%. SRS 5
1.28%, 1 AMFESL AR, HARE 0.64%  PIFIAR 251 R A AE H
i BIC AR ZY, TR ) R 2 (R B A B 4R
S, A P 24 T BB v R AR Y SRR, I 5k A
TR E A

Bl 1 R 2R BRI A5

Fig.l1 Detection results of multiple pesticide residues in
Fragaria ananassa
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2.3 RMERRAXRKEITMA S
HAE A ()M Q)T SR IR £ A KBS, HAR K
DA 30 IR AR A HQ ARSI ILE 3.

NG ILFE R HQ BI/NT 1, Fom G & S XU 7] A
ez RN, MASILER HQ H/hT 0.5,
J& T ICH

®3 RAZRENEHFRESSMBERBARNBRITGEER

Table 3 Data on the ranking of pesticide residue risks and the results of acute dietary intake risk assessment

75 A 2 TR LDso/(mg/kg) ADI/(mg/kg bw) ARD2%/(mg/kg bw) HQ i HQ wx
1 R 670 0.05 0.090 0.0520 0.01700
2 W P BT i >5000 0.04 N / /

3 W% 5 i >2500 0.01 NS / /

4 2 2 >5000 0.05 1.000 0.0023 0.00070
5 Ji5 T g >5000 0.04 0.500 0.0014 0.00040
6 ZWR 5000~15000 0.03 0.020 0.2100 0.06800
7 W 155 il >5000 0.03 NS / /

8 EZ 2000 0.10 0.100 0.0024 0.00070
9 WE H K 146~217 0.07 0.025 0.1900 0.06000
10 o5 T P Bk 3900 0.20 0.600 0.0024 0.00080
11 SRR T Ji >5000 2.00 NGRS / /

12 ARk R A e 1453 0.01 0.160 0.0034 0.00110
13 JE R 6800 0.10 0.012 0.1200 0.03800
14 Wk i frie 1600 0.01 0.025 0.0190 0.00610
15 o ¥ i 8633~16570 0.02 NGRS / /

16 AR 251 0.02 0.005 0.2600 0.08300
17 ke 2450 0.20 1.000 0.0002 0.00006
18 W B i 4061~5358 0.20 1.000 0.0002 0.00006
19 P >5000 0.02 0.900 0.0002 0.00005

VE: ARMD FRIEAATE, FRMRE IMPR T4, ZARATE ARID 3K o /3R AT ZEH R A LS AR .

24 RANEHEF

il FHE [ FSA ASERIAR 283X (3) EA 74 24 5% XU HE
FE, Hf C. D, EMREDE 1 RSN, F RS 2 pif
By, AL B ARG 3 By, HARZIR LK 40 ML
WGBTS, /INTET 30 AR A 25, 30~50 43
(AR5 30 43) b R A 24, KT 50 43 ki U A 2 o,
R N N N i A o IR A
Ko ERBHET b, SURASEROI S —, o KU RRAE
FHGH LDso fi e, K ER T MRL A ¢ Btk R Ak
i Jrie 3 5 55 A, A R R LA R AR, FOR
MRL, 7% F B 5% B FR A (0.01 mg/kg)fCEETE, dEim S
HILRE . BEd k. 2R . 2R R . mil
Jiie . HUBERE . BT . ORE R ERe R e KUK A 2, Horp
BRI ik FH PRI o, At o XU A 24 35 SR AR w5 BB il
JE T HAEAZ . WA A . 2o BeEERg . ok du |
P A A T A R A PR, XA WA TR R T
FER IR o LEARRURS A4 24 rh s Tk N bl F AR AE kg il
REGFBWEEH, AAATEBRIG, F5IRHCER.

F4 ROKEREHFER

Table 4 Risk ranking results of pesticide residues

b= WREGAFR A B C D E F E% H¥F

1 I 2 2 1 1 3 3 60 2
2 WE Pk AT 1 2 1 1 3 2 3 12
3 Yl g 2 2 1 1 3 2 40 10
4 2 2 i 1 2 1 1 3 2 3 12
5 N5 v g 1 2 1 1 3 2 3 12
6 LR 1 2 1 1 3 3 45 5
7 B Al 1 2 1 1 3 2 3 12
8 25 2 1 1 1 3 3 45

9 W UK 32 1 1 3 2 5 4
10 VLN 2 1 1 1 3 2 3 12
11 SR P 1 1 1 1 3 2 2 18
12 PRk PR 2 2 1 1 3 2 40 10
13 JEEER 1 1 1 1 3 2 20 18
14 KA 2 2 1 1 3 3 60 2
15 i ik g 1 2 1 1 3 3 45

16 SRR 3 2 1 1 3 3 75 1
17 Wk H i 2 1 1 1 3 3 45 5
18 W 2 1 1 1 3 2 3 12
19 L 1 2 1 1 3 3 45 5
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2.5 mRIBFRIINEE R JHe S 2 A AH O (P<0.05 % P<0.01), AT & AR5 S HUR H It

TR MR PR RIS AN 5 FiR, VC S iERTE
11.6~60.7 mg/100 g, WJHPENE & EVEELE 4.99%~15.98%,
BRI EAE 13.3~525 gkg, ®HE S REHELE
2.28~77.30 mg/100 g, W]iHE MR f =L E7E 0.04%~0.11%,
AP Y A BT R E 6.60%~11.70%, B EEAE
0.29~1.20 kg/em®. AHF5T4E 55 B I 98 45 1t A,
RIS P 5 T A [T A I 25 SR B S BRI AR B, H AT
S IR FIVAGE 3 22 5K RS 485 S 5 i s SR A5 D2 o 45 SR L
A, MR W MEEDEY) . RS R EAE, H Ve, 1]
VRS . T RRAS R 22 RO, XTTRES AN IR
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