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and segments like markets in Zhejiang Province. The collection period was mainly from December 2020 to January 2021, and
from August 2021 to November 2021. Thirty-nine fungicides in 213 Chinese chives samples collected in Zhejiang Province
over the two consecutive years were detected and analyzed, and the risk of acute and chronic dietary exposure to the detected
fungicides was assessed. There were 19 fungicides were detected, and the total detection rate was 48.83% (104 out of 213),
among which the detection rates of procymidone (15.02%), carbendazim (13.15%), boscalid (13.15%), dimethomorph
(11.74%), pyraclostrobin (11.27%) and chlorothalonil (10.80%) were relatively high. The samples with two or more pesticide
residues accounted for 25.82% of the total samples (55 out of 213). The residue of pyrimethanil in one sample exceeded the
maximum residue limit for bulb vegetables (3 mg/kg) set by the Ministry of Agriculture and Rural Affairs, with the over-
limit rate being 0.47%, and the sample qualified rate reaching 99.53%. According to the current standard for procymidone
GB 2763.1-2022 (5 mg/kg), none of the samples had the residue exceeding the standard. According to the original standard
GB 2763-2021 (0.20 mg/kg), and the over-limit rate was 7.04% (15 out of 213). The acute and chronic risk ranges were
0.004%~5.546% and 0.000%~9.654%,respectively, both of which were lower than 1, thus the intake risk was at an acceptable

level. The situation of pesticide residues in Chinese chivesis from Zhejiang Province was relatively serious, thus the
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management of the use of pesticides should be strengthened to ensure the safety of Chinese chives consumption.

Key words: Chinese chives; fungicides; residue; dietary exposure; risk assessment
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Table 1 Mass spectrum parameters and maximum residue limits for 39 fungicides

FEB T miERE  LHEBF E4EER/E MRL

Rl %@ B 18] /min (mlz) N (ml2) N fmg/kg) (EWIENES
EE-R) 10.10 263.90~168.00 24 263.90~228.80 18 10° GC-MS
S AEin 12.20 263.00~107.00 10 263.00~148.00 10 5 GC-MS
J& B A 26.40 96.00~67.10 10 96.00~53.10 15 5" GC-MS
WA R 30.50 163.00~132.10 5 163.00~117.10 25 I GC-MS
P‘%ﬁ;}?fﬁ 2.15 241.00~193.00 10 241.00~134.00 10 050"  LC-MS
Kﬁ\ﬁ (=B 2.35 103.00~44.10 15 103.00~86.00 15 050"  LC-MS

KA T )

FEA 3.20 189.00~102.00 24 189.00~74.00 34 25 LC-MS
ZHR 4.10 192.00~160.00 25 192.00~132.00 41 2 LC-MS
EH R 4.57 202.00~175.0 34 202.00~131.00 43 / LC-MS
FHEARE R 5.62 343.00~151.00 26 343.00~311.00 15 3 LC-MS
FpEed 7.83 297.10~159.00 31 297.10~201.00 23 / LC-MS
TR 8.27 280.20~220.00 18 280.20~192.30 24 2" LC-MS
o o i 9.83 200.00~183.00 33 200.00~168.00 40 3% LC-MS
TER 10.30 268.00~226.00 14 268.00~180.00 25 / LC-MS
% B 10.60 404.10~372.00 20 404.10~344.10 34 1 LC-MS
ES 10.7 266.10~229.00 17 266.10~158.00 46 / LC-MS
i B ok 10.8 388.10~301.00 29 388.10~165.00 43 10 LC-MS
E BLE M 11.2 343.00~307.00 28 343.00~140.00 27 10 LC-MS
JH T 12.10 289.00~70.00 35 289.00~125.00 46 0.06 LC-MS
B 12.20 294.00~197.00 21 294.00~225.00 17 / LC-MS
7Y 12.70 292.10~70.00 40 296.10~227.00 11 / LC-MS
v LA 13.90 372.00~159.00 40 372.00~70.00 50 / LC-MS
7 14.20 330.00~121.00 55 330.00~101.00 70 / LC-MS
1 Mk 14.60 330.10~245.00 20 330.10~288.00 18 25 LC-MS
JHE e 14.70 337.10~124.90 42 337.10~70.00 43 0.06°  LC-MS
AR 15.10 316.00~247.10 26 316.00~165.00 37 / LC-MS
o B I 15.30 226.10~93.00 50 226.10~108.1 35 / LC-MS
AR R 15.80 284.00~159.00 39 284.00~70.00 29 / LC-MS
Bt 14 B 15.90 314.10~267.00 9 314.10~222.00 20 0.20°  LC-MS
B4 16.30 243.00~187.00 20 243.0~215.00 15 / LC-MS
R BE 16.40 308.00~70.00 49 308.00~125.0 47 0.50°  LC-MS
7 el 16.90 342.10~159.00 43 344.10~161.00 43 0.50 LC-MS
ook AE 17.10 314.10~70.10 45 314.10~159.00 40 0.01°  LC-MS
oK 8% i 17.90 376.20~308.00 15 376.20~226.00 22 2% LC-MS
ot o Bk ] B 18.20 388.10~194.00 18 388.10~163.0 36 150  LC-MS
Mol B 18.60 326.00~70.00 60 326.00~159.00 40 / LC-MS
KB T B 19.30 406.10~251.00 35 406.10~337.00 24 2" LC-MS
A 20.20 346.00~278.00 14 346.00~73.00 21 / LC-MS
5 1 85 20.30 409.10~186.00 23 409.10~145.00 63 0.70 LC-MS

E: ) RBARIREG AMEZIZ RS MRL ; *: AR GB2763-2021 $ % £# % MRL; : AR GB 2763.1-2022 MRL ;
A BRBRIWRAAGFELFEMRL; 0: ARKA. BARAFEIIEERSEZEZLRFE 4 MRL ; T4FERATICIIEALR GB2763-
2021 3 % MRL.
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Table 2 Chinese chives consumption of different population
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AN 0.862 7 3.03
0~35 A 1.548 9 5.33

3~5 % 1.588 4 6.19
6~14 % 1.208 3.97
15~49 % 0.793 8 2.57
50~74 % 0.7513 2.57
>75 % 0.6711 2.39

E: 45 g/(kg-d).
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bw,——3F L F# () AR E, ke.
_EXP,. rou

AR 2)
ARfD

B

AR—— 2%

ARfD——Z W AE FF, mgkgd.

Expy, -5 ED, 3)
= X

h bw; Y 3
BN

EXPo,——3 R ABEIR N 1F] Wi i 4 RBAK B 69 B
FHREEE, mgked;

C——st R (i) 49T KB, mgke;

Fe—sPEABEES () Pt A e, gid;

ED—— R & wia , 4;

Y——FIAE S, AKITAEG%— 80 ¥ A4t I,

EXP,,

CR= (4)
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KF:

CR——[& M R

ADI——4 B fLFEANE, mg/kgd.
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Kl Microsoft Excel 2021, SPSS 17.0 #1744
it 5341, GraphPadPrism 9.0 3K {4 %) £ ¥ 24T &I 5%
21

2 #ER518

2.1 PR ARG AT

TEABE R 213 N AEEFE SR, FEAE H 19 Ff
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1E 104 AR H 5 B AR B B0 AE S RE v, 49
AR R T AR b 47.12%, A 19 DM
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PLERZIBRERIRESE 174, 5 1635%, B2k
ZIFR AR R H 2 Bl DL R B FITR D o pE
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SO, RO R IE I, DR A 7 R 2 R 2k
B 1) R0 51 R PRV TE A B IRUR: AN 25 AT

P E AR 25 E MR g, I8A 33 ANk
Zim Bl T AESE IR IR ARHIF FEAS HE A 19 b
AT, MBS, SO PR AZ G 3 MR BT
RAEAER EflE R KR EIRE . BREERN. WEZ
FUE B G 3 BB RIS, FAR 16 FhOR R A R AE
£ BEI], RPAERA ISP A GHE A
DA A7 AE R

RAE R 1 fR 3 45 R EIR, 39 iR B D
AT 50% (21 F) (1) 3% B 5 AE B0 v oK il e i
S 2R RS I PR S AR e, DR TC VR AU 1
B 3% B 7R 75 SEBR AR 77 R AR OO0 o B PR B 1) %
wAl, HLE AR R L MR 2GR RS,
FMEAR 1R, BFREN 0.47%. £ 5 5 R %8
JR A FR#E GB 2763-2021 #L5E (1) MRL (0.20 mg/kg)
FIEM, RAR G KRN 92.49%, &R HE AR 15
ek (2D, BAEN 7.04%, HE KK HEN

3.54 mg/kg, & MRL HI 18 fi%. MMik# 2023 4
5 A S GB 2763.1-2022 (£ &t 42 4 [H 5 b i
i 2,4- T BRI EREE 112 Fhofe 24 5 KBk B FR
b AR 3 R 10 5k B PR = AR HE (S mg/kg),
AW Tt A B SERE I ) A R A R I PR A
e, BRAFERIE 99.53%. IR DR (I
54 B IX AE S R R AR AT S L S
ARSI EE I (ARG R ILE 4, XTH 2021 4 F 31
BT “ =FEAT8h7 0 “ =37 IE. =3k
¥ ) BT EER PR ERN R E S, 4
AR 2021 4 K LG RS 1 2l S v B R RS HY %
70 [ 12.83%~30.81% P& N 2.97%~23.00%, fi 2
BHMEFFAC T 19.27%, Sk BB HH 12.25 me/kg 54
4.10 mg/kg, VBB A 5 1787 BSLHfE
—ERERE RO TSR R R R B R R S8 xS
b B £ 18 4 S R AR 2 1A Ak, R I PR B B )
FRERFEAG 13.54% CHMED, DHEBRIIELRA, U
R A FR e LU S s v B DI ROl SE PR AR = 72K

“=

% 3 EFER19FH REH
Table 3 The detection of 19 fungicides in Chinese chives

% i AR RRE% AR RAFE/%

J&EA 3 32 15.02 / /
v BT T &3 28 13.15 / /
ZER 1&A 28 13.15 / /
Hi P ok L3 25 11.74 / /
ohlde Bk ) B &% 24 11.27 / /
BEAA &4 23 10.80 / /

G E &7 18 8.45 1 0.47
FABLE R &4 15 7.04 / /
RN i3 8 3.76 / /
T E AR 3 8 3.76 / /
Sy &3 8 3.76 / /
B4 i 6 2.82 / /
% B U3 5 2.35 / /
T2 1% 4 1.88 / /
A =2 5 3 1.41 / /
S0 &4 2 0.94 / /
EN A =3 2 0.94 / /
R {3 1 0.47 / /
7 3Rl &2 1 0.47 / /

LN 2] / 42 40.38 1 0.96
R BB T G FaAR T / 62 56.88 / /
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Table 4 The change of over-standard rate of procymidone in different areas before and after the limit

ALy 3 2P 2~ 7 k= 2R 2~

WHEH AR %iﬁg A 2% omﬁﬁjggw% m@ﬁi&ﬁm) GRS
2018  Ei#T nd-4.52 40.00 15.60 0 LYo S
2019 EMF n.d~11.70 32.30 21.74 / ) A )
2019 BT nd~14.70 30.81 30.81 8.14 Hgpa s
2020 BT nd~12.00 35.42 30.12 / &8 8l
2020 WLEHE nd-3.60 25.60 19.00 0 I, %7 421
2020  A#H4E  n.d~27.00 32.74 12.83 / )
2021  XfH nd~4.10 23.00 / 0 RAR S
2021 #Hdm4E nd~3.03 11.01 2.61 0 EE W
2021  F#F nd~2.69 15.69 3.92 0 k= Sl
2021 BpRT nd~1.64 2.97 1.86 0 RAEFREY
2021  #TE nd-3.54 15.02 7.04 0

A nd RTASE; /AT AMXHERLEITE.
2.2 FRERBFYEERGRE R

0.18 - [ e Sl
Hok CO IR

0.12

3k

0.06 [ |—\

EE
000 1 il il’l‘ il’l‘ ilT il

R Rk 0L AR S
B 1 24 "
B 1 REIRAETRY A 6 Fh R BIAI% B LR

Fig.1 Comparison of six fungicides residues in different

WEE / (mg/kg)

sampling process

VE (R ) R B B EM £ 7, P<0.01(P <0.05).

MR 25 A5, Foh A = Bkt 104 HEIR,
42 ANFEA R R B TR H20R 40.38%,
LASRE S T PR AR UE, FE S E N 99.04% ;
WHH CRTA ETHMET ) 3£ 109 #LK,
62 NMFE S AR B A SR BRI AN 56.88%,
FE S A AE 23N 100%. T 33T BAR 2540 H 2 B 18
A, SRR S S T S A AR S
i AR SRR R H 2R A SRR A, P TSR Rk
2Bk B RN 55.90%, &l SR AR 25 5% B A Y
RN 30.20%. AT T I I LEAS [F] 2R AR SRR
R 10% DA B ISR BRI R B FE K (BT 1),
G5 EIR TR 6 BIORW A REEH. WMt #
e, ZHER. BBk, MR I, R bR
BK P T A= H ., 6 FoRBE AR 2 RS
A (ZER . BRI ) 75 AN [F R 5% B K1
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LR E 7R dESRA P e R 4 FoR T 7
UEEA. EBHEIE. MBS, A EE R R
Fm TR AT, PECT I 1 HE SR AR
IR AN FR i T AR P R b, X AT RE R B D T
AT AESEAE IS f . WS AT 1R T gk
AT B JE OR AN, KRR T e T AR A L B A5
TERBUGHN 2 T R+ 5 W B S Ah T S5 %
A DA ) 5 ) 51 A 7 R I IR Gt i s 2
1 I5  CPF 9  T TRRE  R S R T R ET BA
BAZ A D IER A KB Zx B L3R SCHRBE 7E
B 8 70 I SR B SR A T 3 215 18 P % B 7R AT
JEEORAE, ANHERRAESAR AT BEAFAE SRR DL o

23 MR UEe R ENRTRE

O Fh R B A CHE o B Jie o 1 JhE L R TR BA R
W% BEE S, UM EE . IRAREE. WG, H
Fi %D T ER ARD {H J0 v HEAT 200 KU A 5
10 PR B ORBR. WISk, 2w R ik
W AWE. TEMBER. BHEE. Wi K
fik FHER I DU ) (1) 2P I £ 2 i XU Y L 9
0.004%~5.546%, AU K3 AG . A Ztk KUK B
R ER, AR ARET AESE SN R A
B XU LA A 2.141%~5.546%, KT 100% ;
WNZEHR, SEXKN 0.874%~2.263%, HAthR
B 7R S BN R 31K T 0.213%, BRI 5.
AR LW Tl R X 392 43 B TR i 27
FhAC L] B VLIS B 2 5 BRI, TR (52.66%)
376 1 T AL MR PR T L PRI R PRI, H PR R A LA 24
AR & NI T B AR 39 PR 25T T RSN
ST, TR R AR SR X, R E
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FI 2N RS IR R, N 8.77%, m T HAhFR A&
2. ZUBFFAARSIGSE RIR M, AR Rkt
BRI SR & U AR T HoAth R 2588 5

AW FEARTE R HANRT e S 19 PRI RS,
AR L HE SRV o 2 000 SR VPl 1 M R e KR, Rkt
Al R FEON LR R K IRAY, Bk R 5.
19 FrAaE HA 2% B 77 (R 12 14 XU Y A 0.001%~9.654%,
ARG KA o G i P XU 3 e PR A2 R R, AN
CIPN SRS CECE PN R N )N A -]
4.924%~9.654%, TAKT 100%. HUCHRAREEEE, 18
PE RS 0.137%~0.324%, HEE (0.080%~0.189%),
HoAh A B A SN XS KT 0.124%.

TR R AR 2 S A I R N X3 AT
X, SRR 3~5 5 ) LE I 2 AR 5 R XK i
fm, FAAE RS B A R R, XU 7K Bl 2 AR
ZIEHEINAR A\ & SR 8 Rl A
(PG £ 2 B RS HEAT VP4, 45 IR R OR 2~10 2 (1 N3
Rt FRRAE 1117 %, KSR P N4
FE 18~59 B HI=60 % . 4 ASLIR 25 RN HAh SRk
R R AN [R] A 2T R —Fi R B 7 i BN
AR FERE RGN 2 R P . WL S %
FIE SR R B TR A KBS AT 2R G 70, 453
SR H R T 100%, A& PLEESZ K, HAak
FERTETEEE A, AR A4 R = A W] L 3 52

®5 BEAERBENKITMGER

Table 5 The result of dietary exposure risk assessment

i mg/kg B RS /%
o HR, ARfD 4A#AZE 0358 3-5% 6~14% 1549% 50~74% >75%
JEEA 0896 0.100 2715 4776 5546  3.557 2.303 2303 2.141
WBEDHk 0206 0.600 0.104 0.183 0213  0.136 0.088 0.088  0.082
2 H R 0.366  0.100 1.108 1.949 2263 1451 0.940 0.940 0.874
el B ES 0.059  0.700 0.026 0.045  0.052  0.033 0.022 0.022  0.020
FEE 0122 0.600 0.062 0.109  0.126  0.081 0.052 0.052  0.049
FRERHRZ  0.015 0.200 0.023 0.041  0.048  0.031 0.020 0.020  0.018
FER  0.045 2.000 0.007 0.012  0.014  0.009 0.006 0.006  0.005
A®EF 0006 0.300 0.006 0.010  0.012  0.008 0.005 0.005  0.005
FECF IR 0.005  0.300 0.005 0.009  0.010  0.007 0.004 0.004  0.004
AR 0.005  0.300 0.005 0.009  0.010  0.007 0.004 0.004  0.004

i mg/kg 1 b XGRS /%
o C, ADI  A&3AE 0-35H 3~5% 6~14% 15~49% 50~74% >75%
JEEA 0070 0.100 0.060 0.108  0.111  0.084 0.055 0.052  0.047
WBEDR  0.020  0.200 0.009 0.016  0.016  0.012 0.008 0.008  0.007
28R 0024 0.030 0.069 0.124  0.127  0.097 0.063 0.060  0.054
EELE M 0.031  0.040 0.066 0.119  0.122  0.093 0.061 0.058  0.051
el B ES 0.009  0.030 0.026 0.047  0.048  0.037 0.024 0.023  0.020
HFEE 0024 0.020 0.103 0.185  0.189  0.144 0.095 0.090  0.080
wwER 0.027  0.200 0.012 0.021  0.021  0.016 0.011 0.010  0.009
HARER  0.006 0.090 0.005 0.010  0.010  0.008 0.005 0.005  0.004
BAz4  0.095  0.001 6.329 9364  9.654  8.863 5.824 5512 4.924
FER  0.007 0.400 0.002 0.003  0.003  0.002 0.001 0.00 0.001
A®EF 0.005 0.100 0.004 0.008  0.008  0.006 0.004 0.004  0.003
HEE IR 0.007  0.030 0.019 0.035  0.035  0.027 0.018 0.017 0.01
RAREES 0061 0.030 0.176 0316 0324  0.246 0.162 0.153  0.137
RAx4 0.008  0.030 0.023 0.041  0.042  0.032 0.021 0.020  0.010
HEE  0.007 0.200 0.003 0.006  0.006  0.005 0.003 0.003  0.000
KEEF IR 0.005 0.010 0.046 0.082  0.084  0.064 0.042 0.040  0.035
AEHE 0 0.023  0.40 0.005 0.009  0.009  0.007 0.005 0.004  0.000
WaER  0.005 0.080 0.006 0.010  0.011  0.008 0.005 0.005  0.000
AR 0.005  0.070 0.006 0.011  0.011  0.009 0.006 0.005  0.000
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3 £

AT P 213 HEAE SRR o 39 R R
FIVGR B AT AT IN, 45 SRR IRE AR 2N 0.47%,
O A RN 48.83%. MR #E GB2763-2021.
GB 2763.1-2022 F1 A AR A 35 1 i S 5l 25 2K 8%
% MRL HIE, 1 AN FESERE b 0 s 55 ik ik B
Ik T AN A AN R P i 25 2 i S B Kk B PR
(3 mg/kg), JESEHEM AR5 A% FIL 99.53%.
39 Fh R TE A RS H 19 BROR B IR R, BRI
R, HXEZHER. Elwik. J&EEFRR
& H 0.20 mg/kg VH % 3 5 mg/kg, &R A EHE R
W B AR R ] N B, 55 AN AESERE R R A 2 A
A3 Fo % B 700 B9 B A 35 R 34.55%, 4 S HE SEFE
HOR I £ 220K 6~9 FRAS A B R BRI o A H Y 19 Fol
A, A3 PR BER. BEEK. W
§) fEdESE B, RUAESEA L RE T RE AR
AN 3BT A 2 A L, R 5 2B SR A 24 B
H, e R4, WX AR ERA (A
B, WIHHTD ERHERPREEE, THHT
T (56.88%) AEZEH 19 Fh R B Ak B AR HY A
S TA I (40.38%). iR 5 5 XU VP05 45
SARE, 19 PR R AR B0 1 R A XU Y L R
0.001%~9.654%, 10 P H 2% B 71 19 U B B XU
76 B N 0.004%~5.546%, A% T 100%. 454
TEE SR A B, VLA P RS IR AR 24 5k B A7 VO s
PRIT,  ASTRLN B 3B 32 10 1 1 F N UG R AR A,
S NAR M R R SEFE . AW FALEE S T B 255k
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