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Risk assessment of pesticide residues in celery in Hainan based on food safety
index and hazard risk coefficient method

LIANG Xiao-Han, LIN Min, WAN Na, DANG Zheng, HU Ya-Li, YANG Zi-Wei, LI Bei’

(Hainan Institute for Food Control, Key Laboratory of Tropical Fruits and Vegetables Quality and Safety for
State Market Regulation, Haikou 570311, China)

ABSTRACT: Objective To investigate the pesticide residues of celery in commercial market in Hainan Province,
and evaluate the risk of pesticide residues. Methods A total of 115 celery samples were collected from the market,
and screened for the 359 kinds of pesticide residues by ultra performance liquid chromatography-quadrupole tandem
time-of-flight mass spectrometry and gas chromatography-triple quadrupole tandem mass spectrometry. The risk of
detected pesticide residues in celery was evaluated by food safety index method and hazard risk coefficient method.
Results Pesticide residues were detected in 83 samples with a detection rate of 72.2% and an exceed standard rate
of 3.5%. Thirty-nine kinds of pesticides were detected, of which fungicides and insecticides were the main ones. The
insecticide with the highest detection rate was cyromazine, and the fungicide was difenoconazole. The safety index

values of all pesticide residues detected were all less than 1, indicating little safety impact. Except for chlorpyrifos,
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phorate and dichlorvos, which were at high risk, the risk coefficients of other pesticides were all below 1.5, indicating

low risk. Conclusion Pesticide residue pollution is widespread in commercially available celery in Hainan, but the

overall risk is low, and does not pose an unacceptable risk to the health of the general population, which provides a

scientific basis for the food safety supervision of celery in Hainan Province.
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ARG =DM E T REE . KRR TS5
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Table 1 Type of pesticide tested, item and instrument selected
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Wantw . SORRGER . 2k DUSEAEIER GC-MS/MS
A BRI W3R . BORAGME . HUKEE . AR R GC-MS/MS
AL RERH , WEME UPLC-Q-TOF-MS/MS/GC-MS/MS
RSP R UPLC-Q-TOF-MS/MS
HIRGR 1R Tk GC-MS/MS




51 RSN, S TR R HOR G TR AR BOL VA 1 TS AR 25 5% B XU 115

142 BEH

UPLC-Q-TOF-MS/MS {4 £ 4:: ACQUITY UPLC
HSS T3 @i%A:(100 mmx2.1 mm, 1.8 pm); WA A HH K
0.1% B K YA (& 5 mmol /L Z.R%%), BN 0.1%F MR 21
YRR . BREEVEINART A 0~1 min, 3% B; 1~1.5 min, 3%~15% B;
1.5~2.5 min, 15%~50% B; 2.5~18 min, 50%~70% B; 18~23 min,
70%~98% B; 23~27 min, 98% B; 27~27.01 min, 98%~3% B;
27.01~30 min, 3% B. ik 0.3 mL/min; #:if 40°C; gHEER
2 uL. BG4t Turbo VOB FUR, HWISEH B IEE T
(electrospray ionization, ESIZ; B FIHSE: FLSE
(GS1) 50 Psi, #BISJE(GS2) 50 Psi, KA SJE 35 Psi, &7
TR 500°C, W55 HL R 5500 V, £F#EHLE 60 V, TOF-MS Ji
BEAIRIEE: m/z 50~1200, TOF-MS/MS i a4 il
mlz 50~1000.

GC-MS/MS 145 DB-5 ms Ul %4130 mx0.25 mm,
0.25 um), PEFETIRIE 260°C, kiR 280°C, HRE
JFTHE(60°CH-FS 1 min, J& LA 40°C/min F2/F THE ZE 170°C,
J& BL 10°C/min FFETHRZE 310°C, {74 3 min), #HE
1.0 mL/min, #FEFER 1 pl, ANRIERE, US4 RAHE
FZili(electron impact, EI)JE 70 eV, £ 5w Wiz, &
TR E 300°C, PR 1R 180°C, PUARFT 2 i 180°C,
HAEAFAAS, WHESARARS .
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P A F ¥R Aeds e R By 5l BUKIRF S n]
R Fle 4 T2 S T e T N A e 4 32 DG 1 I B B
AT IE 2 R AT SR R RO 2R B
CEAR) T A28 A 24 5% B8 XU, @ {EE 100, b {EER 0.1,
FAEBCL, STHEC 1 8 0.5 H # 1 44 G s A JRURS: Wa il 1%
BRI EIE, USRS —%, S 1.0; AR
0 A ARG 4 A 24 5% B O G A A G W, BRUBCEAIR, S fE
B 0.5).

RS ZEEE ST M R< 150}, R 2% AL
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AW EAE R X500R QTOF T 4E¥ SCIEX OS.
7890B/7000C T fF#} Quantitative Analysis Ab¥E, 434 %3
i1 Microsoft Excel 2021 ZbH,

2 HER5HH

21 FRPRAZERBFER

AHFFERGI ) 115 173 7SR A A 2555 B DA 2 2R LAk
K BL IR 2 s o Horb ol 83 e dh i i R 255
AR 72.2%, K AR 2G5 I 39 B, FIIRE LIS H
AR R BRFOR . RG], SR R
. KT KRR 5 A2 ARk R
ML PR TR P . MR | TSGR R P PR, R 2R R R G
HH 23 S g 9 S M, 3% TR HOR: R 0 g ) DA R P A
WA, R R RS e B TR . AR R A Y
TR 2 B, S PRI R 2 A R
2510 Fh, o RICHTRAEME | SRR . R ACGRIR A E

RO AR, K REE AR 2y 27 A, TERTA R AR 2 b o He s,

K 69.2%, 43 AR B T IR | PR EE AR . KRR . %
ML Ao AR A AR A A 24 A B R R AT ) (B RR A
24551 ) PV B 1) A 245 (2 350 43908 BB 8% 1 {8 Y 14 4 24 )2
T, A3 A FE MR PR, AR RS R, Horp
BEAUIEAGE Y 26 YR, HIREBRRI I 1 IR, SRR SRS R 2 2 5%
B, SRR EY 5 1 27.8%, R 1~3 R0 5 1 29.6%,
Kt 4~6 R &7 LE 21.7%, Kl 7~8 Fiefe 2558 B 0 5 Lo
9.6%, il 9 FhLL AR RGN 11.3%, AL
o R AR 2 Z AR R I DL G o

I8 GB 2763—2021 FIEARME, 1% 115 03 /7R FE il
W 39 FRZ R, BR 12 FPARGIE MRL, RN THIES, A 4
YRS AR 25 5% BR R B i KR BB i, AR 3.5%, #hn
VSRR ok 2 A RS 2 7 IS 5 C i O N i e R o TN
CAC. BR¥., HAS, B, HidMEB o+ ek 255% 83
MRLsPY, 2 1 BR{E =2 1) e 9 2 B AR — 5K, 7 B R b ife

H R T R R BR RA PR AL Y 12 Rl 2, W D) T it o A
IR AR IS, FVES %, BR 3 FMARA # MRLs 4b, #i
R, BT WORZENE . NTRBEER B A AR A KT
] P BR R

HE AL Y, FESATARZECHIE, B
FIAOP AT B B AR 2580 R LR 3, R
HEHZIEGE, Lol R A (RE/ N eI S
B S T ARFERR ) oot A il it FA 24 [ 2% 3,
FER X 39 Fivfe2Hp, 13 Rl B e 2 sifmt 2y, ke
L4 H e, SRR AEOR, S5 26 FIRAE TR &
M AR Rl FAZY, 8RS Zs .

T Wy 5 PR W VT A T S AR 2 0% B B A 4 SR R
210 PFEA SRR TR B R 94.8%, o R ik HH IR
MEEEAR 4 0y . HR R MR 4 4y ARTEB 2 0, Kb
BRI N Z R . R L R TR e T s b
5 R R AR L P IR TSR AR 25k B ST 4 SRR
30 M EEA HR SR AR 20 R B ARG R 93.33%, AR 30.00%,
o HHAT R B e S b b . SRV TR . SUUSETR L R Tk
PR | KM, FRARAR S o PR, T A
TR T A3 AR 205k R Foe a5 SRR 18 e AP
SEACLIER ARG L 44.44%, AR 27.78%, i AT UK I e
SR SR EE . At SRl PR R, B
PO IR foc e MR PEME . SRR SR, Jte SO E T A
SERYARZG R RS 4 SR 132 Oy REAS R s 255k B
REREE 5.3%, FHEH 2014 45 E 2021 4F 3 A 4 FFSE
K gt 71853 HEUK TSR TP AN H 3434 4it, RAHKEH 4.78%,
HohEgem . Bk . SURRAG KIS . S, A&
WESE (B 1)l g T SIS 2 S b, AR M I T E G
T WITLAE 25 SRR 4 B K, T KA . e
K- R TR A2 S R g, B AN EE
oA AR, 6 e s AT 10 Fbepr, Tk PP BRI R A |
BEALIAL | I TR WAL s b A5 HR B AR A 25k B A
BRI, PREHENS2E . KIGTH . JLHTEE
FLA— B (BRITTLAA M)
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Table 2 Determination results of pesticide residues in celery

1 Y R=Rc BN

o RSEE me ;g g, AR RL gg R %ﬁ;@?
1 24 ik R ARWEH KEE 47 40.9 ND~0.512 3 0 0 1(FiL)
2 M e Pk T g ARWEH KEE 44 383 ND~0.770 30 0 0 29(HA)
3 R AW K 40 34.8 ND~0.715 4 0 0 5(CAC)
4 G T S AR K 35 30.4 ND~1.112 15 0 0 0.3(HA)
5 [EEZL AWH KE 29 25.2 ND~3.065 20 0 0 S(HA)
6 AL & B B 26 22.6 ND~0.463 0.05 2 1.7 0.05(H A)
7 P TRETN AREH R 25 21.7 ND~0.139 15 0 0 —
8 JE B A AR KE 18 15.7 ND~0.524 — — — S(HA)
9 5 H1 2 AW KEE 17 14.8 ND~0.110 1 0 0 0.7(HA%)
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10 M He ok A H k2 15 13.0 ND~0.515 5 0 0 4(HA)
11 TR Nl fK# 11 9.6 ND~0.255 — — — 0.2(CAC)
12 SR A HH i 11 9.6 ND~0.023 1 0 0 3(HA)
13 TR TR Mz AR B {3577 10 8.7 ND~0.189 10 0 0 —
14 WA T i AW {lie72 9 7.8 ND~0.580 — — — —
15 FERGEEFEERS AW i 8 7.0 ND~0.160 0.5 0 0 —
16 ZHRR o3 5] fk# 8 7.0 ND~0.029 0.2 0 0 0.1(% )
17 W T i AT i 7 6.1 ND~0.124 5 0 0 30(H )
18 WEFE R AR B {3577 6 52 ND~0.261 5 0 0 S(HA)
19 g e e A HH] i 6 52 ND~0.136 3 0 0 3(HA)
20 Ik B Jric AW 7 5 43 ND~0.467 — — — S(HA)
21 R A HGH| # 5 43 ND~0.078 1 0 0 3(HE )
22 SR MR AW %53 5 43 ND~1.213 — — — 5(HA)
23 ML TR i ENCpl fk# 4 3.5 ND~0.275 20 0 0 —
24 BT 24 oA R AU B 4 3.5 ND~0.012 0.05 0 0 0.03(CAC)
25 WE i & B fiK# 3 2.6 ND~0.036 0.04 0 0 S(HA)
26 H AR B {3577 3 2.6 ND~0.049 — — — 0.05(F[H)
27 i A HUF i 3 2.6 ND~0.802 0.2 1 0.9 0.1(H4%)
28 i TR EN il ks 3 2.6 ND~0.045 0.05 0 0 0.02(F[H)
29 H R B g A H g 3 2.6 ND~0.041 1 0 0 0.05(Kk )
30 kUi A H f# 1 0.9 ND~0.107 0.6 0 0 —
31 SR AL I AT fik# 1 0.9 ND~0.045 — — — —
32 SN TR 1M AT fiK# 1 0.9 ND~0.037 — — — —
33 Efi AU A HH i 1 0.9 ND~0.151 — — — 0.02(F[H)
34 B o 5] {3577 1 0.9 ND~0.031 — — — 0.05(H 7%)
35 7S] 5L Pk e AW fieaE 1 0.9 ND~0.444 0.5 —
36 1 2 e A HGH| s 1 0.9 ND~0.017 4 4(CAC)
37 AR 4GRS %if% i 1 0.9 ND~0.129 — — — 0.05(FE[H)
38 SRR ARG g 1 0.9 ND~0.185 — — — 0.05(H 7A)
39 P A HH S 1 0.9 ND~0.021 0.01 1 0.9 0.3(H7)

A TR EREICR IR HZY, ND FoRERH, —F£/R GB 2763—2021 FRMEZK i Kok BT, Sz R &
(Codex Alimentarius Commission, CAC), T [d].

Table 3 Pesticide registration and temporary pesticide used on celery

#3 ARENKRABEICMIEHRH

IS (7/ B EDOE 3 ARy IheE SN (27 EPUE 3 ARy e
1 R BEAE AR HE P PR AT 1 BF it kK A% B
2 S BEAA WK fisf JFie AT 12 K IoF TR R IR A T AR
3 T TSR R ERY A Hu) 13 R 05F P& it A B
4 = R TESS TREEIR™ L A A 7 14 JFR 5 it SRUE I P M A% B
5 R WEK CRESEENET A 15 K Loy LY L AR
6 T3 L7 i bk AR 16 R IoF WE H g AR
7 T3 U5F At AF i A B | WA = 05F Eee A HUR TR
8 Fr LI WE Lk A% B 18 JFR BEIR L A kTR AT
9 T3 IoF WWE thL % AR 19 R KR RN AT
10 K UoF TR AR 20 PR REM I g e AT

T SR ARSI P 25, "FOR G T2
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Fig.l Comparison of pesticide residue data of celery in different
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22 MEITHER
221 #2IEFH

1 4 AT, SR G R TR A 24 e KBk B 1Y) i 4
TR BUIFScpmax TE 0.001~0.829 2 [8], BOH AR 255% B 4 44
BE S = 0.829, YR DU 5 ik s o 24 5% B3 42 4 18 3K

0.459, ZRk H PRmefe 25 % B i e 41 0.212, HApAk2i5%
W2 AFRH0NE 0.2 LI BARIIA 3 B &0k 1
A ZT5R B M U AR BUBME AR (9.411), (HPFEA B R
Ja, A R AR A T8 B TS Ol 0.082, 371
F 1, ECFTA R AR B RIR B AR BES N 1, B
R AR TS /T 1, AT ARZG5R B 15 Yt T
KRR AR, HOIFS [HB N2y, BARZE 4tk
B LIEZ
222 A A FPM

3 4 AT5, R AR R RR 12 Fh A B K%
AR L, ARAS B R 1A s, AR A 255k B RS 3R
B R TE 0.6~2.8, ABIFEH R K/ T B Z AR AL,
HAh O RS RBCR 2.8, SRS, W RERE . SRk
XU R EL R R R 2.0, ¥R e BE XU, HAv R 2% # XU
R R H<1.5, AMREE R

F4 FRINERREIEENETYUNERY

Table 4 Food safety indexes and risk coefficients of pesticide residues in celery

KT ADI oz e KAE

G /Img/(kg-bw)] /(mg/kg) /(mg/kg) [FScaunx IFS ¢ WSeam 5 R
1 ik R B 0.01 0.512 0.108 0.212 0.0447 2100 1.0 1.1
2 WL A ik T2 T 0.03 0.770 0.157 0.106 0.0216 0953 1.0 1.1
3 Kb 0.06 0.715 0.117 0.049 0.0081 0323 1.0 1.1
4 Pl 0.03 1.112 0.290 0.153 0.0400 1400 1.0 1.1
5 T FRme 0.07 3.065 0.273 0.181 0.0161 0468 1.0 1.1
6 BESEIR 0.01 0.463 0.087 0.192 0.0360 0936 1.0 28
7 VDRI 0.2 0.139 0.059 0.003 0.0012 0.031 1.0 1.1
8 JE A 0.1 0.524 0.138 0.022 0.0057 0.103 10 —
9 WE g 0.08 0.110 0.031 0.006 0.0016 0.027 1.0 1.1
10 N, K ok 0.06 0.515 0.120 0.036 0.0083 0.124 1.0 1.1
11 TR 0.4 0.255 0.075 0.003 0.0008 0.009 1.0 —
12 AR 0.02 0.023 0.014 0.005 0.0029 0032 1.0 1.1
13 TR T P e 0.02 0.189 0.093 0.039 0.0192 0.192 05 06
14 WA 0.2 0.580 0.186 0.012 0.0038 0.035 10 —
15 ERE A 0.02 0.160 0.085 0.033 0.0176 0.141 1.0 1.1
16 “HRR 0.1 0.029 0.015 0.001 0.0006 0.005 1.0 1.1
17 % DA i 0.2 0.124 0.059 0.003 0.0012 0.009 1.0 1.1
18 e R 0.01 0.261 0.124 0.108 0.0513 0308 0.5 0.6
19 wE o bk 0.07 0.136 0.041 0.008 0.0024 0.015 1.0 1.1
20 DK i iz 0.01 0.467 0.130 0.193 0.0538 0269 10 —
21 TR 0.3 0.078 0.024 0.001 0.0003 0002 1.0 1.1
22 ST 0.06 1.213 0.340 0.084 0.0234 0117 10 —
23 ML T 0.08 0.275 0.083 0.014 0.0043 0.017 0.5 06
24 Bl 2k T 2% 0.001 0.012 0.011 0.050 0.0455 0.182 1.0 1.1
25 BE H 0.1 0.036 0.018 0.001 0.0007 0.002 1.0 1.1
26 AR 0.08 0.049 0.027 0.003 0.0014 0.004 10 —
27 R 0.004 0.802 0.274 0.829 0.2834 0.850 1.0 2.0
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=45
o I W ML N
R RS g n/:z;ﬁ *3/ (E lf’;ﬁ FSewmx  TFse  FSem S R
28 i A e 0.03 0.045 0.015 0.006 0.0021 0.006 1.0 1.1
29 A R 0.03 0.041 0.016 0.006 0.0022 0.007 1.0 1.1
30 ko i 0.2 0.107 0.107 0.002 0.0022 0.002 0.5 0.6
31 SN Bk 0.16 0.045 0.045 0.001 0.0012 0.001 0.5 —
32 SN TR I e 0.01 0.037 0.037 0.015 0.0153 0.015 0.5 —
33 Eff B 0.01 0.151 0.151 0.062 0.0625 0.062 0.5 —
34 FRE 0.04 0.031 0.031 0.003 0.0032 0.003 0.5 —
35 7Y G ik s 0.004 0.444 0.444 0.459 0.4592 0.459 0.5 0.6
36 U2 e 2, i 0.05 0.017 0.017 0.001 0.0014 0.001 0.5 0.6
37 IR 3 i 0.01 0.129 0.129 0.053 0.0534 0.053 1.0 —
38 TR 0.03 0.185 0.185 0.026 0.0255 0.026 1.0 —
39 GiEzR0 0.0007 0.021 0.021 0.124 0.1241 0.124 1.0 2.0

3 wiesge

AT F UPLC-Q-TOF-MS/MS #E47 155 38 1 24k 24
B B A 7 2 R A I B RS, 456 GC-MS/MS 5 i
Tl 2 A 20 0 1 0 26 L v e M I R a5, VB R 4
X115 377735 359 P 24558 B8 04 7 A ARl . 25 SR %A,
M X S R AR AR 2k RS Y, FHZNR S IR X
TSR A 245 55 N LA e DX 0 4% 5, (AR 448 Y
DAL FH 20 (1 1 DX PR RN 2T 25 SR B, HZG R, i
Y HE, KRR 10%L) AR 254 10 Fh, R 254
AR R Z 8], L A R TR 19 B 2K HU)
17 Bl BRFH o 254 24 Pl 2 rh 22 4R 2 52 5T WUTT REAG H 22
MR R, AR, AR REmN, EHEE
FIRR AR A . T () ) 5 I AR A, A — R 2
HIBRPETR I, A 39 R 255% 8, 47 26 FIRTE 3
ARZPECBURE S IG I 2, R RS ET 10 Al
2k, HA 6 FE TN T SRR, IR T
fis . DGMERE . PIERMERC 3 Rl 2 RS R R 048 S/
NLFH, TR BRRE | TR B | 2 AT R R A L il
NN M B o Al AT B HEE IO | TR
MO R RS I B AR 2 R /NS AR I 25 5, AR
TR TA] 2% P AR A . AR A EURI S R e S TE SR e
KER AR K L B AR 25 2 5% B L, 4 FPDL B L
42.6%, 7 FPLA_E &7 EE 20.9%, SO H A P b AR Rl R 2Y
RIS, 4 HhnT sy 2 4 A 2548 S s

G4 L XRE SO BT T SR AR 2 8% B R R R L RS
YT AY R A . VR e A WV b X, SRRk £,
T 3RRIE 25 5 32 R, ZH0L/NEFFE, SR
LA HRBHIAE AR, AT HEEWER . BF, T
REAT ol 58 TG g, NIBESF e A 0] b A8 B, %o it 24 RS A
Jde e A Z R G IATR S, X i Al B I 24

FRAIAR 25 R BRI . A USGR BRI (1)nss B
B FERBVERTTE, X B AE D5 AR 2 A5 B HUE R HER)
PR QMR AR AR 2 2 B B A (3)
IR EE N AR AR 2585005 (4IRS, (A
EHVEE; (SymamasdiiE S MM LRI (6)
TR i i 1B ML DR Y A Ak R B A 1, SRR TG
M7 SR EE A HE . Bh2ABiin, MR F s 2y
ATTE | AR 5% B A PR A )

AR SRR XU Foe A B D, BORS: HY 6y i R B P
T ARG LRI EUE TFScmax, PRUTSE
T A 2 % BRI B 22 A KR, HAR HE TFS ¢ B AR
PAS R JEE DA A 24 5 B 175 et e i 4 e XU, o i)
M IFS BAT BRI m] LU B @, A B SE £
PRXUBSIRAS TR R R, SRIGE I 39 Fhi & 2545
FEE (3 A6 4 £ TF S c_aLr Ak FH (R BITAT REAS i A5 4G R AR 24 45—
AR5 B AR 102 A s U B B A, BR LR
A RRE, A3 1FS A FAZ R 5 A R AT B AR A
B — A ZGHR A TFScmax, 5 H 4210, AT

A FE R AN TR A 5 i BEAT 28 4 25 PRARY,
AR B Ae i a] S i KU 5 B, o 20 i ok B 2imad R 25
SEPR AR 55 H VR A B BOR I B a2 2 XU,
TR R A 10 AL O R DXL XL 2% 5 U 3 e o
PR A A A U 1R Sl S PR 22 4 XUBS:, MR
B R PUE XS, e R AR N T — B, A
SORAR A . AR BTERE 5 RS AR, M AR,
F IR AR, PP AR A2 . L AR BOR G
AR 2B B XU f5e R A AT > DU S i > ik Y B
Mg > TCAL A U KR 2 AR 2 5 B XU AN —E e R, K
HH R B i e AR 24 B KU AN — s e A R B A
ADI {EL /N KU R . AR BRI e R A 3 AL >
PR =RCEE > oA, HOR AT, AR AU 1
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AN, BRI K, AR 24 5% B AN R bR 1 AN [ A
2 XU R BUOR/INTIE TR He A o WA PRAR 45 SR EL A T 1, e 4
B D Sk s XU R BTG XU 3R s v B Y 8T
MR P, L RPREUE T L 2 R IRE, R S
PR PEAG A 22 F S SR KU o ORGSR T TR % 38
FPEEC R | BEPEM | PR SR A 20 5k B H R MR AT R, B
TRAR 5% B XU P 4%

2% |, AWFFEH UPLC-Q-TOF-MS/MS Fl GC-MS/MS
X T P 4 X 38 PN 7 S AT e T B AR 2 3 B O A AR, -
K G2 TR RO G E YRR RBOLR R A TN ik

2% B KU, AR H A [+ A B A G0 445 RS 2 TR A PP AL 248,

D& SEBRIEIT sh A58 50, LIRS E Al e mf5 8, 1E
PRI XU, CRERFUEALG], %M 3Bt 2 4, i
WX B AR A B L Bt A SR80 . Ky
PR B E R I T S BRI AN 22, oy B /AT
FISF 1] R P4 52 o 7 P 36 3000 3 52 491 Rt Al
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