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ABSTRACT: Objective To assess the health risks to consumers from pesticide residues in Apium graveolens in

Hainan Province. Methods A total of 162 batches of Apium graveolens samples were obtained in Hainan Province
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during the period from 2019 to 2024, and the QuEChERS extraction method combined with high performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS) and gas chromatography-tandem mass spectrometry
(GC-MS/MS) were employed for determining the residues of 38 kinds of pesticides in Apium graveolens samples. The
point assessment method was used to study the chronic and acute dietary risk assessment of a single pesticide for adults
and children in terms of health risks; further research was conducted on the cumulative toxic effects of the pesticide.
Results A total of 21 pesticides were detected with a detection rate of 87.0%. A maximum of 14 kinds of pesticides
were detected in one sample. The chronic and acute dietary risks of single pesticides were less than 1 for both adults and
children, and it posed no risk to either adults or children. The cumulative risk values of endocrine-disrupting pesticides,
skin-irritating pesticides, reproductive toxic and neurotoxic pesticides for both adults and children were all less than 1,
and the safety risk could be ignored. Conclusion With Hainan Province vigorously promoting the traceability system
for agricultural product quality and safety and green control technologies, and guiding farmers to follow good
agricultural practices for pesticide use, the risk of pesticide residues in Hainan’s agricultural products such as Apium
graveolens has been effectively controlled, ensuring the quality and safety of the products.
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Table 1 The 38 kinds of pesticides detected in Apium graveolens
and their categories

25 ek
Mk HBbk  BE PR TN | WEHUEE | uk UK 5

s

A% B PR . RN WENRE . N-2EHUEDE R #
FEWL, AR, Bl HUBR

ARMEIH PR | DR BRI . PR 2R | T8

AR MLTAEE . SO TRTBEM . DREEIE | WA FR

AT M. WETATE . FREERL. DUMERE. MSTERDME . ARk

BE. BESUTAME . MRS . MR, R O
ML ERETE I . SUREVE . GBI

BROEER L BRI R . FhEE . TR

1.3 RAKRBEEN
1.3.1 Homaraz

FESLFTAE S ] GB 23200.121—2021¢ & 24 %
PR RPIIEPE R S 331 R 2 R AR P 5R BE = il
FE BB EE-FIE YXF SR R 38 Rk 25 sk B 1oy
Hro FREL 10.0 g(R5HE 2 0.01 g)¥FALFESE 513 T 50 mL .0
B, A 10 mL 2, BIZWR 1 min, 1A 4 g TOKERER
BEL 1 g EAREN . 1 g APBERREN KA. 0.5 g APEIR AR
f5KEY), MIZWES 1 min, $R)5 4200 r/min 2.0 5 min, &=
6 mL RSV 15 mL LA (45 900 mg To/KARAREE |
150 mg PSA., 15 mg GCB), W&jigiR&~] 1 min, 4200 r/min Z.0>
5 min, T 1 mL _FiFRGE 0.22 pm JE e e uE, &
F HPLC-MS/MS 7347, S 2 mL Fil, ZMRCEAR, F
FH0.22 pm Je e IR I, £ H T GC-MS/MS 4.
1.3.2 #mlzk

PR A B ABL BRI BREERIRIAE KR
3 38 P2y fdi Fl HPLC-MS/MS Fll GC-MS/MS B4 K o (3
GB 2763—2021 { il 4= FEZbRE R S PR 2 R AR P PR )
FUER MRL {H, X rri h e 2458 B ELIEA T E T

(VYSHE (35 FR IR BTk

K HP-5 MS A 9 B A4S @35, FHEFRIF: 40 °CfR
$¥ 1 min, 285V 30 °C/min FHEZE 130 °C, FLL 5 °C/min
FHIR % 250 °C, HJ5L 10 °C/min FHEE 300 °C, {4 5 min;
PEREHREE: 290 °C; A AREEKRTF 99.999%); i
BN 1.2 mL/min; AR, SRR 1 pL; TR
i B 7 VA (electron ionization source, EI); & ¥ I if & :
230 °C; fRHIZkIREE: 280 °C; HFIAER: 3 min.

(2) i B S - R I T v

S ACQUITY UPLC BEH Cyg (it A1:R: 35 °C, #
FEARL 5 uL; Fahtf: 0.1%F R-/KIEBRAFMZIEB)AH 7
BRI A 0~3 min, 1%~30% B; 3~6 min, 30~40% B;
6~9 min, 40% B; 9~15 min, 40%~60% B; 15~19 min, 60~99% B;
19~23 min, 99% B; 25 min, 1% B; ¥ii%: 0.3 mL/min,

FH, 5% 2% 2 T~V (electrospray ionization source, ESI); #;
AR 22 5 0 W AR 3 (multiple reaction monitoring,
MRM); & FFIRE: 280 °C; HIWIsHLE: 5.0 kV; 1k
JEF7: 30 psi; THEWHE: 12 L/min; $5HRE: 350 °C; 44
3% 10 L/min,

14 BERRENXKTME
1.4.1 BHEERISRAE

B Fh A% 25 19 ik 11 45 H 8% A i [estimated daily intake,
EDI, (mg/kg bw)lfdi A1), AR 25 A1 1 XU
T (chronic hazard quotients, HQ. )2 A (2) 1154 :

EDI:STMRXF )
bw
EDI
HQ=——- 2
Q DI @)

FoH: STMR MR sk B3 356 H (B (supervised trials median
residue), mg/kg; F AIZFEM A HE 3% i, keg/d, F30)E IR
i, R EROQEFENEHNRER 0.0915 kg
bw N— i AHEIK E (body weight), 34 5 T A0
(2020 4E) AR T 2R RO T S R WA AL BAK-
YikdE N 53.23 kg, 1~6 % JLE FHIKTE N 16.14 kg; ADI
FEE B A (acceptable daily intake), mg/kg bw, %
KT GB 2763—2021, MLk 245k B AU PFAG 0],
4 HQ<1 W, {352 HQ =1, {dFEXUK:
BN AR A2, HQ, iR, 18 12 58 1 XU K o
142 ZHRER R

h T E SRR AR XU, HR AR 2 T
21 21 A 25 5% B BX A 2 i (Joint Food and Agriculture
Organization of the United Nations/World Health
Organization Meeting of Pesticide Residues, JMPR)1ZE 1L,
i T 551018 A it [estimated short-term daily intake, ESTI,
(mg/kg bw) [ ILEATIEAN, EHXIARRIME O, A A&
FHER 3 (0 K/ INFI AL E (@) 22 e, i FH A (3)~(6) 115
ESTI. #2424 XU 7 (acute hazard quotients, HQ,)>R FH /A



20 B il 2 A iR A I A 4

FH1TE

K (NITHE ., 212 % Fu[(acute reference dose, ARfD),
mg/kg bw K IE T IMPR

AT B4 T 7 A B T fE (unit weight of the
edible portions, Ue)<25 g:

o LPXHR )
bw
24 25 g<Ue<LP:
ESTI= UexHR xVv+ (LP —Ue) @)
bw
4 Ue=LP:
EsTi= LPXHR XV )
bw
X PR SR A 9 A Tl S SO
psT= LPXSTMR )
bw
ESTI
HQ=—F 7
Q ARDD (7

A HR Ry 5o 24 19 5 =1 5% B it (highest residue), mg/kg;
Ue, kg; v 75 5 [H - (variability factor), Fn—t/=hdA
A A B A — A A ORI BB AL 1R 5% B AR 55 LP S R
(large portion), kg, JEHARE M BN KHEEH, 7K
Ue iy 861.1 g, & Jm RIH 2832 K34E LP 4y 180.3 g, H
F Ue>LP, HCRAAXG)H A 2 & X, v L3,
1.43 RERXNEF4E

Rt o5 TR G 2 o U TP Al (1 260k, 2200 SCHRE X Al [R]
ML AR 2532 T 1A A0 A0 il 27 I 2 28 42 )
R T — P BEVEAL 7, FR 06 % 48 8 (hazard index,
HI), RHAAR@)I5. HI<l FoR BRSO LIZ W, i
HI=1 A2 1) BN AT BEZ A 28 35 (il e . ASBAER
R AN [ i 24 9 B Pk 550y 278 A T e AR i R AR R S i) 5
& X TSR A AR 25 5% B AT A 2, B 2RIk 1A 2
(RIS 43 A 2 S PEA L R, 43S A TR AN 2 .
BB . AEFEREZE . P 426,

HI=) HQ (8)

1.5 HEALE

#H Office Excel 2016 HEATHH - #r&iit, %AW
Origin 8.5 il BI#AFHATIER], Ll 3 1K,

2 H#R55%

21 FARPRAZERHIFER

162 HLUTTHNEN, ARLFLBKH AT 87.0%, AL
21 Fir 691 SURIAREY, RO PR A2 4.3 Fire
FrAER 21 ey, AR AR 3 B, (LR
18 Fi, BRMEEILE 2. FrehR 2 —pk B AG AN
12.3%, ZIRERKHRSY 74.7%, 3 BAFE R EERHAR
25 14 B, RS A 2G 22 5 B [ R 3 o 3

AR 2 A S e 1 M) S M Tk BT, A HH R GK 63.2%, IR
SR MR R AR R R, HAS R R 51.1%
42.4%F1 41.5% N nae ik o 1 AR Tk R 2R mse 32 22 T F B
SEPERGR . TRAZ . B S LR, T KR T
B i A S = o A e e A 2, AT
FIEBIRR T Z A A . Qin P s & B
78.57% 7 R S PAEEAR 25 5R BR, K H A 24 A FE DR Tk
W ZHR ., PREA. WK, SHOnk, mEA. W
TRme o EERIDK e, X S AT RS AR 2 6 Ak
2] SRR I 21 Bl 2 R SR | i s R It
W 3 Pl 2 AR, MRS BN 3.7% . 1.9%F1 0.6%, i
BEFEME T R B A A8 e B 3 R R 2, UL
il AR F A 20 0 ) AR SR A7 AE . Hu ZPOIAT AR 4 N
X 230 3 FFapt s AR oE Xt 4, 45 R PR 2578
FESER BOAG H R ik 4.4%, 1EFRTP IR RN 1.7%.
Zhang ZBUHFSE T T 2018—2020 4E WL 164 43 3kt
fi, JLHAE S R LB 25K, 18.9% 7 SRR i R G A
PUBAc 2y o 5y i X ST A0 B, ARG P st 24
Kt %55 T Qin 252 ) Zhang Z5CVRRIE, TTRE SR
MBS . PR 25 20 I 22 e 6 . (RARIESE R
T A AL 2 RS 4R, BN Ak 2y, H
TEAE I A B XU TS AN ] 20 o
22 FRPRGZEBER|XKEITM

XF 162 #UK 3R 38 i b f ki, gt 21 Fi
A2y, X 21 FhA 25 A T8 PEIRE & XU PRAS, h AR 2GVER
FRE TR R (1) Pk 22 70 B H AR TE IMPR S0 410 5%,
DR X [ W G 8 RN AT iR ARG 19 g 245004 T 2k JRE £ A
B PEA o A AR ZGHE A R 172 58 BRI R
22,1 BHERRETRAELER

A Q) H B S 21 Rk 14 25 18 PR IR £ XL
WofE, Z5RULE 1 FIR 3, XFARACKUL, A3kt 21
R RE B RS HQ, JEF R 1.51x107~4.69x1077,
ILERBYERE S XS ETEE Y 4.99x10°~1.55<107", A 2
B, BAFLE RS E RS EHEERT 3 A7 AR 255351k
BE S IR B iz 0 RS Tk R BRI, RN B XU i 43 A R
4.69x1072, 2.17x1072 1 1.97x107%; JLZE A8 M KU (5 43 5]
Jg1.55%1071,7.17x1072 F 6.50x 1072, 21 FhAfe 25 8 Mt &
{H HQ /N F 1, Bk i 21 i 25 1% B — 48Pk
ARG b F 7T 3232 K
222 EMBEERGIFAELR

19 Fife 245 1) ok i 2 XU AR 20 X (7) P, 25 5L
FTIME L, X FRCEBE, A A2 i 2 v i B X
Wl HQ, JEHJy 8.47x107%~2.48x107", Xf JLE ki, #h
R ZNERE XS HQ, LR 2.79x107°~8.19x107",
I 2B AT LUE H, SFILEE B S XS (E HEZE R 3 219
S R R R R TR R R 2 i R, XU (EL A3 R
2.48x107", 9.76x1072 F1 9.67x1072, JLE 1y 2k KUK (B 43 5]



515 4 WRTE ML, 250 2019—2024 451 4 )04 24 5k B ARG £ XURS: PP AV 21

g 8.19x10713.22x 107 F1 3.19x 107", 19 Flr e 24 18 2 XU ST TIAE . RS2 . AT ARl g2

{HEHQ,BI/INT 1, FRHH 19 Fhfe 24 Ho— S MHR A RUSS: T 4 Z2 B . g 25 %k R L E BB K HI v B4 R

223 FHHE RRR A 2.71x1072-~9.61x102F18.94x102~3.17x10"", H¥/NT1, £IF
XS EAR LG HEAT RRUE R RS IEAG, S5RILE 4, N Sgehix 4 R2G5RE0 UR LSNP BBV AT L2

F2 ARPERGKUEKFRBIRER

Table 2 Detection levels and exceedance rates of various pesticides in Apium graveolens
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AL 4T 0.01 0.010~0.515 18.3 5.00 0
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Fig.1 Violin plots of risk values of 21 kinds of pesticides in Apium graveolens for adults and children
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Table 3 Chronic and acute dietary risk assessments of Apium graveolens
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Fig.2 Histogram of risk values for 21 kinds of pesticides in Apium graveolens for adults and children
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Table 4 Cumulative risk of pesticides of different toxicity in
Apium graveolens
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