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Risk assessment of dietary intake of pesticide residues in kiwifruit

PANG Rongli, QIAO Chengkui, WANG Ruiping, GUO Linlin, LUO Jing, LI Jun, XIE Hanzhong’
(Zhengzhou Fruit Research Institute, CAAS/Laboratory of Quality & Safety Risk Assessment for Fruit, Ministry of Agriculture, Zheng-
zhou 450009, Henan, China)

Abstract: [Obiective]Risk assessment of dietary exposure to pesticide residues in kiwifruit and quanti-
fiction of the dietary risk levels of commonly used pesticides provide references for safe production and
guidance for consumption of the fruit, food safety supervision, and revision of the Maximum Residue
Limits (MRLs) of kiwifruit. [Methods]Based on detection of the residues of 66 pesticides in 61 kiwi-
fruit samples from a major producing area, chronic dietary intake risk (% ADI) and acute dietary intake
risk (% ARfD) of pesticide residues in these samples were assessed. Based on the veterinary drug resi-
due risk ranking matrix constructed by the British Veterinary Drug Residues Committee, the risk of th
epesticides and samples was ranked by integrating kiwifruit consumption and pesticide toxicity, frequen-
cy of use and residue level, and maximum residue limit estimates (¢eMRL) were calculated using allow-
able daily intake (ADI) values, large portion consumed (LP), and body weight (bw). The study will pro-
vide a reference for the regulation of the maximum residue limit (MRL) for the corresponding pesti-
cides. [Results] (1)Among the 62 pesticides, a total of 21 pesticides were detected, and they were low-
toxic pesticides except for chlorpyrifos, deltamethrin, cypermethrin and cyhalothrin, which were moder-
ately toxic; (2) Using the pesticide toxicology data, acceptable daily intake (ADI) and acute reference
does (ARfD), residual data and kiwifruit consumption data, the risk assessment of the 21 pestcides de-
tected showed that the chronic dietary intake (% ADI) of each pesticide in kiwifruitranged from 0.000 01%
to 0.016 04%. All the 21 pesticides detected but acetamiprid and chlorpyrifos without ARfD informa-
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tion had an acute dietary intake (%ARfD) ranging from 0.01% to 26.20%. The acute dietary intake risk
difference between different pesticides was significantly. (3) According to the residual risk score, the 21
pesticides detected were medium- to low-risk pesticides. The risk scores for deltamethrin and chlorpyri-
fos were 16.5 and 16.1 ie(15<S<20), respectively, which were in the medium-risk range. The risk scores
of cypermethrin, pyrimidine, buprofezin, cyhalothrin and difenoconazole were between 12.1 and 12.4 |
and the risk scores of 14 pesticides including procymidone and chlorpyrifos ranged from 8.0 to 9.3 (S<
15). All of them were low-risk pesticides. Among the 61 kiwifruit samples, 45.9% of the samples were
in a very low risk area with a pesticide residue risk index (RI) below 5; 34.4% of the samples were in a
low risk range with a pesticide residue RI between 5 and 10; and 18.0% of the samples were in a medi-
um risk range with a pesticide residue RI of 10 and 15; (4) At present, there were few standard pesti-
cides in kiwifruit. Among the 21 pesticides detected, only carbendazim, acetamiprid, chlorpyrifos, delta-
methrin, and cyhalothrin had maximum residue limit (MRL) in kiwifruit or berries and other small
fruits in GB 2763—2016, while 76.2% the pesticides had not a limit value. Compared with eMRL, the
MRL values of the five pesticides was a more strict parameter related to limitation of quantities. For ex-
ample, the eMRL of carbendazim was 6.6 times that of MRL; the eMRL of acetamiprid was 3.8 times
that of MRL; the eMRL of cyhalothrin was 10.9 times that of MRL; the eMRL of deltamethrin 21.9
times that of MRL; and the eMRL of chlorfenuron was 153 times that of MRL. Among the 21 pesti-
cides detected, carbendazim, acetamiprid, cyhalothrin, deltamethrin and chlorpyrifos had MRLs, and
azoxystrobin, chlorfenapyr, malathion, and procymidone had no necessecity to formulate MRL. 12 pesti-
cides including thiamethoxam, imidacloprid, thiophanate- methyl, tebuconazole, propiconazole, pro-
chloraz, difenoconazole, buprofezin, trifloxystrobin, chlorpyrifos, cypermethrin and chlorothalonil had
no MRLs. [Conclusion] The pesticides detected were all middle-risk or low-risk pesticides, and the
acute and chronic dietary risks of the 21 pesticides were acceptable. At the same time, 98.4% of the 61
samples were at medium, low or very low risk. Therefore, the kiwifruit in the major producing area was
relatively safe. It was recommended to develope the MRLs of 12 pesticides including thiamethoxam
and imidacloprid for in kiwifruit.
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Table 1 Verification facter and methods for measurement

GRS, WA A

42525 Pesticide type

A% 254 75 Pesticide name

SRR R R AR
Forbidden and high-toxic
pesticides

7 2

Insecticide

il
Fungicide

U7 Acaricide
T A K175 PGR

PP JHe Tt PP T ont sl T R« A 200 R SR O R TR L R L P S M L R R L o R AR
PN < 352 v D) S B R AR =420 < o KBRS R JBIE AR K 22 Ja B A L R

Methamidophos, Parathion-methyl, Parathion, Monocrotophos, Sulfotep, Coumaphos, Terbufos, Ethoprophos, Isofen-
phos-methyl, Phorate, Carbofuran (And its metabolite 3 hydroxy carbofur), Aldicarb(And its metabolite aldicarb sul-

fone and aldicarb sulfoxide), Methomyl, Omethoate, Methidathion

FOUSF A5 TG R R L B DR K AR T ER L e R e L SR R P IR A | T AR | LT R S B I B
T AR 5 5 P  FCRCEE A 0 SRR A I L U 2 I YR U I S B SRR I DR A I L RS
B2 R R F I =GR 15 16 i 10 s

Pirimicarb, Imidacloprid, Diflubenzuron, Chlorbenzuron, Trichlorfon, Acetamiprid, Tebufenozide, Chlorantraniliprole,
Chlorpyrifos, Acephate, Phoxim, Phosmet, Fenitrothion, Malathion, Dichlorvos, Fenthion, Cypermethrin, Fenvalerate,
Deltamethrin, Permethrin, Cyhalothrin, Bifenthrin, Fenpropathrin, Spinosad, Isoprocarb, Dicofol, Trifloxystrobin, Bu-
profezin

2T PRI TR DR | FPRE R R | 2 T R TR R A

T B L TR T 207 AL R B R I)\JHW‘#\H?IHH
Difenoconazole, Iprodione, Metalaxyl, Tebuconazole, Carbendazim, Thiophanate-methyl, Prochloraz, Kresoxim-meth-

PENUS N LN AR N T B I L NN

yl, Mancozeb, Quintozene, Imazalil, Chlorothalonil, Procymidone, Azoxystrobin, Vinclozolin, Pyrimethanil, Propicon-
azole, Trifloxystrobin

Ik i R L BT 44 1] 2% Pyridaben, Abamectin
FRBF 3 EMLIR . 2,4-D Gibberellin, Forchlorfenuron, 2,4-D

VEDE KR . GB/T 20769—2008" ,GB 23200.8—2016"" ,NY/T 761—2008",
Note: Testing base. GB/T 20769—2008"", GB 23200.8—2016"", NY/T 761—2008"".
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TN R (% ARMD) A R i H % 4 F IR
(SM)HB3341 - Bl 5 2404 ARTD<100% e 3 7% XU 1] LA
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NESTI= )
bw
% ARFD="5T1 100, )
ARFD

take) 9 R 25 (G TH RGN &, AL kg U N1
AL, A7 kg CBF B Bk HUAE 4 0.083 kg) s HR
(highest residue) g 1% 24 i e 5k B &, AL 99.9 H 4 fif
AR, B AL mg - kg'sv N AR SR, BUE N 35 LP
(large portion consumed) 978 2% K 4328 , BLAT kg (iR
TEHEC N 0.548 7 kg) ; bw(boday weight) A& & , #
£ kg (BN 60 kg) ;s ARFD (acute reference does) A
K2 2SR &, AL mg-kg'; SM(safety margin)
FA 4 SR, B mg kg .
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0.009 5 4 & & H ¥ BRI 2% &, 5247 kg ; ADI Cac-
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i kg: ADI R 255 H R VF A&, 547 mg- kg
bw MR E , A7 kg (A% 60 kg) .
1.6 HEALE

iz F Microsoft excel 2010 #1 SPSS21.0 #17 £ #5
I3 Hr S

2 RS0

2.1 RAKZRBRIBIFERL

TR SR SR R 66 Fiife 25 FL A HY 21 Ff, &5
W2, HAFEIEM RS B AEE R SR
MR AP AR N ER, HRNMKERY . il
()21 Fpf 257, GB 2763—2016 1% £ B & g
JOR S IR RS T SRR S IR S MRk 2 e T
B KT B R AP, R 16 FR 25 % A IR E1E , &
76.2%.
22 RAKRBERFZENRITMGLE

I FH 4 24 55 BE 22 3095 (ADI{H . ARfD {8 . 5%
A FORR A A 1 2 R TR H 0 21 bk 2 AT B
RGNSV, SR NK3. ATLUE M, i Fa
P A B & AR 2h ) 18 PR XU Fi (% ADD £E
0.000 01%~0.016 04%, ¥J AKX T 100%. R ¥ i &
T 8 R VT Ak T D00 1 1 i £ 5 N AU (% ADD) Bk
INZAR 25 A G /DN 5 24 % ADIS100% B, 26 75 XU 7]
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Table 2 Residue levels of 21 pesticides in kiwitruit

BRKE  F

== |

IZ’E fﬁci de f;f) )rfitcity ](\r/lnRgFlig“) Residue level/ Average/
(mg-kg")  (mg-kg')

g 1 ik # 0.2(Water ~ ND-0.0307 0.000 5
Thiamethoxam Low mellon)
2R L3583 0.5 ND-0.0515 0.004 4
Carbendazim Low
L £ bk %= 0.5(Japan) ND-0.1251  0.0059
Imidacloprid Low
g H Pk fiK# 2(Berry) ND-0.0064  0.0002
Acetamiprid Low
TR P R fK# 3(Grape)  ND-0.5877 0.0219
Thiophanate-methyl Low
UL IR (i 0.05 ND-0.0756  0.009 5
Forchlorfenuron Low
1% 4] i fiK# 5(CAC) ND-0.1958  0.004 9
Azoxystrobin Low
T3 I i K 2(Grape) ~ ND-0.0894  0.003 7
Tebuconazole Low
Kk ik 3(Vegetable) ND-0.0508  0.000 8
Chlorbenzuron Low
RS fiK# 0.05(Japan) ND-0.0135  0.000 2
Propiconazole Low
Ik i g fiK# 2(Grape) ~ ND-0.0012  0.000 0
Prochloraz Low
25 ik R B ki 0.5(Grape) ND-0.2403  0.010 1
Difenoconazole Low
TR 1 K% 1(Japan) ND-0.0415  0.001 0
Buprofezin Low
i 1R T K7 0.1(Banana) ND-0.0178  0.000 9
Trifloxystrobin Low
BEALI WF&EEE 2(Japan)  ND-0.2648  0.005 5
Chlorpyrifos Moderate
TR TR HEEE 0.05 ND-0.1620  0.004 8
Deltamethrin Moderate
SRS i 2(Japan)  ND-0.1410  0.002 8
Cypermethrin Moderate
LEE R0 fik# Low 2(Japan)  ND-0.0800 0.0013
Malathion
AR E SN HEd 0.2(Berry) ND-0.4450  0.0140
Cyhalothrin Moderate
EREE ik 0.2(Japan) ND-0.1140  0.0022
Chlorothalonil Low
R H] fiK# 3(Japan) ND-2.3400  0.038 4
Procymidone Low

AR T 100% . AR 252 (8], SRS 3K
W 22 S B 5%, a1 S R TR T RS 25 R I % ARFD KT
25%, 43 5l N 25.43% F1 26.20% , 17 18E L1 | A BRI
K 5 iz | 6 R B T IR L S BB 6 AR 25 1K %
ARID ¥4 2 1% HRHE IR £ 5% B XURS DAl J52 00, BY)
S AN KUK (% ARTD) /N 12 4% 25 U B /)
21%ARID<100% I, &7 KU 7] DLEE 520330, 19 Fih e
25 1% ARID fEE K T 100% , 7 B 1% 3 7 X 50 A bk
K2 5% B SR SN KRS 2w DL SZ 1, I HLAT

®3 RABUERCHEBMIEREER
Table 3 Risk of chronic intake of pesticides and risk of

acute intake

8 R VP A St RSP
Chronic risk assessment Acute risk assessment
A% #j Pesticide
ADI/ % ARfD/ %
(mg-kg') ADI (mg-kg')  ARfD
1%ty I 0.08 0.000 10 0.5(Germany) 0.07
Thiamethoxam
LR 0.03 0.00232 0.1 0.61
Carbendazim
L e bk 0.06 0.001 57  0.4(WHO) 0.37
Imidacloprid
g H K 0.07 0.000 04 - -
Acetamiprid
PP 1 R 0.08 0.004 34  0.2(EPA) 3.46
Thiophanate-methyl
ENlid 0.07 0.00215  0.1(WHO) 0.87
Forchlorfenuron
16 T T 0.2 0.00039  0.18(EPA) 125
Azoxystrobin
T 0.03 0.00193  0.1(Germany) 1.02
Tebuconazole
PR 1.25 0.00001 - -
Chlorbenzuron
EEZNES 0.07 0.00005 0.3 0.05
Propiconazole
WK A % Prochloraz ~ 0.01 0.00005  0.1(WHO)  0.01
ATk H A 0.01 0.016 04  0.3(WHO) 0.94

Difenoconazole

I B Buprofezin -~ 0.009 0.001 69  0.67(EPA)  0.07
J 0.04 0.00037  2.5(EPA) 0.01
Trifloxystrobin

F4EW Chlorpyrifos  0.01 0.00875  0.1(WHO)  3.02
RS e 0.01 0.007 61  0.05(WHO) 3.69
Deltamethrin

SR 0.02 0.00221  0.04(WHO) 4.00
Cypermethrin

L §7 B % Malathion 0.3 0.000 07  2(WHO) 0.04
SR RS 0.02 0.01110  0.02(WHO) 25.43
Cyhalothrin

HEE 0.02 0.001 77  0.6(WHO) 0.22
Chlorothalonil

J&% % F| Procymidone 0.1 0.006 07  0.1(WHO)  26.20
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1% HUBE Thiamethoxam |4
T 35 Chlorothalonil B8
g HUBK Acetamiprid B

F 2L B R Thiophanate-methyl 8
JI 14 B Trifloxystrobin 8
itk H40pk Imidacloprid

I B I Azoxystrobin [

[ Wi Tebuconazole B

% I# R Carbendazim
SR Forchlorfenuron &
S IE Cypermethrin
Ik 6 % Prochlora

BEWE [ Buprofezin [B
S 4T Cyhalothrin 8
2K % F AW Difenoconazol
4L Chlorpyrifos
IR I Deltamethrin [B

0.0 2.0

6.0 8.0 100 120 140 16.0 18.0

1 EREHEeh 21 MRZMZEXIGHEF
Fig. 1 Ranking of residue risk among the 21 pesticides applied to kiwifruit
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K2, WIEAROTE 61 DERIEHEAE T A& 25 5%
B IRV 458 2 (RD , AR & 4% 24 5% B XU 48 £ (RD
WA i 2 g 4 SR USROG A G AU
TE ot AR ARG XU B o 5 5 X6 TR A Ok A o 0 AR 25 3% P
B R EEA TG00t . INE 2 AT LUE S 61 SR
BEAE S, A5 28 AN R 45.9% [ FE AL T B AR XU
X 3 (RI<5) , 21 4N Rl 34.4% [ FE df Ab T8 XU [X 45

344
I 18.0
" I I I | .

1.6
RI<5 5<RI<<10 10<RI<15 RI=15
U5 £ Risk index
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Fig. 2 Distribution of pesticide residue risk index among
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(5<RI<<10), 11 AR 18.0% R i 4 T H LR [X 45
(10<RI<<15). AR Z55% B AR 15 75 2 W4 AR 24 1) 2
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Table 4 The eMRLs of 21 pesticides used in Kiwifruit

(mg-kg")
fjﬁci de ADI SM  eMRL MRL P99.5
I8 tf 12 Thiamethoxam  0.08 41.98  8.7479 0.0215
%W R Carbendazim  0.03 840 3.2805 0.5 0.049 2
it SR Imidacloprid — 0.06  33.58  6.561 0 0.124 5
mE H Pk Acetamiprid 0.07 0.00 7.6545 2(Berry) 0.0055
P Bl 1 R 0.08 16.79 8.7479 0.5559
Thiophanate-methyl
SR Forchlorfenuron 0.07  8.40  7.6545 0.05 0.063 8
BETE IS Azoxystrobin -~ 0.20 15.11 21.869 9 0.1589
JZWEEE Tebuconazole  0.03 840 3.2805 0.070 4
KK Chlorbenzuron  1.25 136.686 7 0.0356
3R Propiconazole  0.07 25.19  7.6545 0.009 4
IBK £ % Prochloraz 0.01 840 1.0935 0.001 1
EN RN 0.01 2519 1.0935 0.228 7
Difenoconazole
M 1% il Buprofezin 0.01 5625 0.9841 0.0325
JI5 i i Trifloxystrobin ~ 0.04 209.88  4.374 0 0.016 5
ALY Chlorpyrifos  0.01 840 1.0935 0.205 4
IR Deltamethrin - 0.01 420 1.0935 0.05 0.127 5
SE 5l Cypermethrin 0.02 336 2.1870 0.107 4
L} fi % Malathion  0.30 167.90 32.804 8 0.056 0

et fe e A

SURE3 1 Cyhalothrin 0.02  1.68  2.1870  0.2(Berry) 0.354 7

T #3% Chlorothalonil ~ 0.02 50.37 2.1870 0.086 4
J&% % F Procymidone ~ 0.10  8.40 10.9349 1.638 0

30 W

3.1 XTEMEHE P RZGREKF

2 OB Bk 66 Rl 2 SR Y 21 R,
NP A B AR 2, 48 K 2 OB PR AE il PR 24
FRE BT EO IR T R R E . HAME LR E
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