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Pesticide residue testing and dietary exposure risk assessment of
vegetables sold in Tibet

YANG Xing-Yu, ZHA Yong, LUO Sang-Zhuo-Ga, SI Lang-La-Zhen"

(Key Laboratory of Infectious Disease Prevention and Control of the Center for Disease Control and
Prevention of the Tibet Autonomous Region, Lhasa 850000, China)

ABSTRACT: Objective To understand the pollution level of pesticide residues in vegetables sold in Tibet.
Methods In August 2024, 50 vegetable samples (eggplant, celery, lettuce, cucumber, broccoli) were randomly
collected from 5 cities in the Tibet Autonomous Region. The 43 kinds of pesticide residues were detected by liquid
chromatography-tandem mass spectrometry, and a risk assessment dietary exposure was conducted. Results The
detection rate of pesticides in 50 vegetable samples was 6.05%, with a total of 14 kinds of pesticides detected, with
the highest detection rate being enoxymorpholine. The pesticide exceedance rate in 50 vegetable samples was

0.326%, and a total of 3 kinds of exceedance pesticides were detected, with the highest exceedance rate being
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avermectin. Pesticide residues had been detected in 5 cities, with the exception of Naqu City, the other 4 cities had

exceeded the standard. The chronic ingestion risk values of pesticides detected in 5 kinds of vegetables were: Eggplant

(0.001-0.023 mg/kg), celery (0.006-3.665 mg/kg), lettuce (0.001-0.697 mg/kg), cucumber (0.001-0.188 mg/kg) and

broccoli (0.002-0.463 mg/kg). Conclusion Different levels of pesticide residues can still be detected in 50 vegetables

sold in Tibet, but the residue level is low; the chronic intake risk values of 5 kinds of vegetables are all far below

100%, and the health risks of residents ingesting pesticide residues in vegetables through dietary pathways are

within an acceptable range.

KEY WORDS: vegetables; pesticide residue; dietary intake; risk assessment of chronic ingestion
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1.1 HmKR

JAPESE A VA, AT, s, A, A8
Mt 5 AR ES S, A I IR s W
FohoRAh 2RI . RHORAEFR SRR, 50 1, AU+ 10
By, FEE10 6y IMESE 10 4y, K 10 145, HAESE 10 4y,
1.2 i 7

2. PR (i) . S gat) (AR TR 1L
A RA D), HRR[EAGA, B I RBH P EYA R

A WIS (OIS, Hig iR R B A PR w);
TREREE (LR AL, ARV AL A BRA R, FraiRen | i
PR AL, KR AL TR, & %
-N- N 3 5t ¢ 1k B B (ethylenediamine- N-propylsilane
silica gel, PSA)(K M L HERFHA R wl); B &3 1
[2 em(K)x1 em(§hM2), DRI FREARA A A%k
G 43 TP —RGFRAEM (BT 1000 pg/mL, FE5FRE
Prlsirfe) .

13 X &/

6420-1290 VBAH (4135 — T DURRFT BT 1 I A A (36 [ 24
R PR FD); BT124S HFRF-(GR 0.1 mg, JLRi3E2
R AU A BR A /), AE240S HLTFIOF(EEE 0.01 mg,
TR - R 2 AR A PR R, 3K1S B AL (T
SIGMA A d]); 3205 £ i T3 pEpL(FE E e I R e
FRZ F]); MX-S ] 8 =0T A3 A (b 50 K e 24 A4 2% );
Thermo FisherTM Accucore aQ (150 mmx2.1 mm, 2.6 um)
EIEFEGEEFER CH/RRH A ]); LB PR3 mmx
0.22 pm)( F LRI R B A R A A

14 7/ %
141 #H&mR&L5arae
(LYFE S B i 28 B AT

BRI BURERR A 4% GB 2763—2021 (&b i 2 F kg
e AR AT RRIR R IR AL ) Bt A BT, BORR LY
GB 23200.12—2021 { & kL2 EFZinfE EYHEES S $
331 P 2 K ILAC P 5% B = 0 I A8 VRORE 23 - T 1 1
) BT TR NRE S, B AR X
AR B FEAR I AT RE i, AT FEXTFR N SO FR 1 L 4
VIR JE b3 X EF A . F 3L o & AR AR A
FE SRR S, AT ZE R R Y BCIN R s /N B Ak
HUR WRE S L UTRE, FE40R 5T, FH DU 432 BORE Bk 4k
AL AL PR RS, AR SR o KRR S
T -18 CCRHIRAT

(2)iB% S RE i A I Ak 2

FREL 10 g iIXEFECH 6 2 0.01 @) T 50 mL WUR .08,
SMA 10 mL ZJiEPRY: 1 min, SRJEIMA 4 g HiBREE. 1g &
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bEh . 1 g BRI, 0.5 ¢ MBEREA MK 1 FrE g
JEF, @ EE.OEE, BIZRS 1 min J5 4200 r/min &0
5 mine WRH—E B VTR N BR KGR RNG LA R
HRE B0 T (9 mL $EBUR A 150 mg JC/KBREREE |
25 mg PSA), iwiEiE~) 1 min, 4200 r/min &[> 5 min, %
B 0.5 mL LA 0.5 mL 857K, 15154 0.22 pm
TFLUE RS, 00 .
142 AFBEZER B &

(AR 2 bR ifEfits £ WK

PRUERE AV (1000 pg/mL): WSE A9 UEFRMERE &5
WK 43 Fi B — R ZGHRAE N

()R Zihm i B

V1 B 0.4 mL AT 4 mL PORESIE R,
FCIERBEE 4 mL, #8257, FK 10.0 pg/mL P 1, IR
FHEF R

W 2: BW0.1 mL AW 1 F 1 mL iFESE A, H
CIEMBRE 1 mL, $#£45), Bhl 1.0 pg/mL WV 2, I I
B il

G)H TR AR ME TAER

FEPRZS IR ORETE 1.4 SHATRTACHR, FRAML 4%
Fe 1 B bR e LR VA T

F1 AOEHZRRECHIER

Table 1 Table of standard curve configuration

brifES S1 S2 S3 S4 S5 S6
ke e
TRk 2 5 10 20 50 100 200
/(pg/L)
il 2 5 0 20 50 0 0
(1.0 pg/mL)/uL
1 0 0 0 0 10 20
(10.0 pg/mL)/uL
ZJE/uL 45 40 30 0 40 30
Eﬁ/j ?mm 950 950 950 950 950 950
u

143  &A8 &3k % A E

(DRI B

F B8 GB 23200.121—2021 (& hhic e ERbRE R
PEPER A 331 B2 S AR R BB = il e VBOAH €4
T - BT REIC ) Jr s

QYA 5 A1

{6 7% 4 : Thermo FisherTM Accucore aQ (150 mmx
2.1 mm, 2.6 pm)EEFE; WM A AH K EE=98:2
(V:V)(%r 5 mmol FERSAN 0.1%FF R), B #H K FI L /K=98:2
(V:V)(F 5 mmol FIFRELTN 0.1%H R). W ShMIBEEE & 1E I
2 2; M 0.3 mL/min; #iR: 35 °C; dEAEE: S uL,

Q)i

BT B B 8% 25 B F UK (electron spray ionization,
ESI(+/ -); B IEHE 4000 V; TH<EE: 180 °C; T

MEARE: 16 Liming; FALER T 7 35 psi; FAZSH: L
2 0 W5l (multiple reaction monitoring, MRM), &% 4H
£ 3 PR,

F2 RESEREBERMY
Table 2 Mobile phase and gradient conditions

Aisf 6] /min T A/% TBhH B/%
0 100 0
4.0 80 20
5.5 60 40
10.5 0 100
12.9 0 100
15.0 100 0
20.0 100 0

144 FRERERAGERGEANNE 15
(P E e R E R (2022) ) HEfR AR N KB A R
300~500 g!'®, AHIFE R 500 g VE RIS 8, M AMAE
2 60 kg HU, AR IHE E K 4 H AR,
CxF

NEDI= (1)

A H: NEDI by [ Z A4 A H $% A it (national estimated
daily intake), mg/(kg * d); C LTSI A 25 1 -3 5% B =,
mg/kg, FHES AR NHGERRS 515 F R an
BAGE, kg/d; by HIHE THIRE, kg, RAWIBHETEA
MU FA%ADI i, (@M

%ADI= % %100 2)

A %ADI 21 A XS ADI & H ARIFHA G,
mg/(kg * d), 4%ADI>100%F}, 718 1 45 A XS 7E
AATHEZ I 24 %ADI< 100%0], 218 M8 ARG 78
A2, %ADI A2 B XU AR
1.5 IR

YRR (2033 - T B R ASCI A5 1 43 ZH bl T4 i 2R i 2k
PR M 2 BB i % 5E8 MassHunter Workstation 1.
Y43 HT45-5] . NEDI & %ADI #4524 (1)F1(2)K F WPS
Office Excel (12.1.0.19302)% 2 #4744 Ak B

2 FER5HH

2.1 ZMEYAFE. HXEH KRERMESER

14 43 Fhofe 24 5% B AL s (T BC bR v R 41, DART i
WX, ng/LVE AR, DAETRFRYNIE AL bRk 148
PSS o 43 BILL 3 515 M b i et IO f0 J5 vk S TR ARG HE B,
PL 10 A5 M B Jr st [0 A B s v BT 0 e T BR . 43 Pl 24
FREAREIZRAE 5~200 pg/L JEEINLMESE R RiF, HER
B(r?)>0.990, ¥ HFRILFEI N 0.001~0.003 mg/ke, &R
FEl 4 0.002~0.010 mg/kg, W e RMESR, FEILE 4.
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Table 3 Mother ion and daughter ion of compounds

L& 2R HI B F%F /-0 &£ FR ECERS) T XS

(SE R 890.5 2051 FH Pl AR 277.0 1990

144.9 143.0

Y i 411.0 3131 237.0

158.9 I WE HL e 271.1 224.0

. o s

301.1 R 2620 122.0

BRI 3883 165.0 199.0

194.1 il 2610 75.0

M et Pk 4 388.0 630 000

231.1 M 2361 175.0

Pk 3681 175.1 126.0
I H Ik 253.0

321.2 90.1

R H 367.2 306.1 9 H i 250.2 1691

263.1 132.0

D71 3T E 238.0 181.0

309.1 163.0

A il R 365.1 147.1 199.0

132.1 IR 230.0 171.0

2. I 360.0 304.3 1250

141.1 148.0

277.0 T8 KA 223.0 86.0

IR 3232 151.0 76.0

En . o0

3G A e 308.2 01 T65.0

198.2 B 222.0 123.0

156K Bk g 301.1 170.1 183.0

153.1 AURR 214.0 155.0

— 204 197.0 125.0

690 TR 210.0 11.0

FHPEBEIR 293.0 Z;'z 13(3)'3

o 9 K, 208.1 116:0

AU 2921 181.0 132.1
T KRR 207.0

S PR g ] 289.0 1;2:(1) 123;

5.0 kU 203.2 -

JI TR 289.0 00 —

el % 2 i 200.0 070

MR 2820 111.1 160.1

220.0 ZHHR 192:1 132.1

PR 280.3 920 50

10 SR e 183.9 250

FENE HE 278.0 051 50
R 167.0

125.0 108.0

FH et 142.0 3 415.9
94.1 TRUME 462.9

398.0
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Table 4 Linear regression equation of the method

T H 2Rk [m] )9 5
R B JH Y=13.918X
P e Y=192.034X+134.662
FURSR Y=162.014X
R el Y=173.092X
FHBEBE IR Y=181.908X
FH e ST A Y=275.004X+732.711
T i Y=131.732X
SRR Y=557.187X+592.875
b H Y=389.910X+1465.508
3-FREE A B Y=356.774%X+272.221
1o Kk, Y=42.842X
o6 KR Y=41.127X
Tofs IV AR Y=139.560X
B Y¥=902.971X+867.651
(SE R Y=10.811X
Mt H ok Y=126.167X+164.345
W o1 fpk Y=387.290X+1733.038
WE H b Y=717.065X
WE He Y=240.108X
W H i Y=84.574%+150.158
Tk H e Y=50.021X
975 WE e Y=35.969X
SR BERR Y=114.675X+105.061
R HL g Y=162.326X
PR Y=141.445X
FENE HE N Y=230.875X
ENAUR L] Y=185.863X+1506.698
if s 72 Y=2105.349X+6886.012
2, i Y=1364.049X+5007.773
R 05 i Y=216.816X
R R Y=915.202X+3890.550
IR Ik i Y=447.215X+83.044
HRUVE Y=57.849X225.795
ik FH A Y=75.576X+362.863
M e Pk D Y=830.150X+1650.797
o175 T L Y=466.095X
0% B i Y=211.505X
R Y=167.618X+1373.273
ZHR Y=194.600X+241.759
=T Y=56.640X
T Y=472.654X
I AT e Y=160.430X+523.273
N g R Y=484.084X

22 REREH

e AR 24 5 B R S5 25 gt SR i A 5 1 I R 5

B, A3BUEH0.01, 0.10, 0.40 mg/kg k. H. & 3 PKF
B, RN ACTAR 3 YOFAT SRS, IR Bk
SR I, 43 Pk 2558 B LA W IR FIA 66%~119%
Z AR, LA AR 2 5% B AR DU B3R o A BRI R 22 (relative
standard deviation, RSD)/NTF 3%, (RUE T K6 H 45 55 it v
i BE RORE B o TRIEE, R E b 5 S e, By
BB 10 RE, WSS 10 RS —UOEA T e o f,
B T SREAI A & B B A 5 DA A 7 A R A
23 BREPRAKBREBERSH
231 BARRGERGEHFER

AR IR 50 g emt i, Lkl 43 Tk 25k
BuwiH, LR 2150 N EdE . 5 TR A2k B AL,
BTG ity v Ah 0 At 4 T XA ARG, R RS AE 5
AT 2Z ] A A 24 % B A HE S 00 0 B DX SRR
Fi BRI E A AT, SRR 130 30, BT Rk 6.05%;
AR 7 I, BEBARE N 0.326%. LK1 14 FhARSE A
2, e BRI E R BN m BEIRAR OCHE T s 0 TR R ik
(32)> 158 HUGE (21)> % ik FH A ek (1.0) = ne ik 727 P (10) =1
Jii (10)> 22 T8 7 (9)> W5 85 JH (8)> Mk 1 Wbk (7)=PiT 4k 14 % (7)>
TG T (5) =1 K (5 )> FP A 2R (4)> 1k U (1) =42 W R (1)
AR 3 FhAEZE A2y, He BRI H AR BN R BRIK
HEF g B4 14 25 (5)>WE H e (1)=Rtk Bk (1)
232 FEMEFERBEGHEBE L

MARRIE RN IRE, FRG AR AR AR,
13 FIE SRR AL TR AR o HR Hh ZE A (IR v HE
FE N 3 22 32(8.60%)> 11 32 (8.37%)> 8 I (6.74%)>75 1 2%
(3.49%)>71F(3.02%) . FBFRA M S BIMMARILHE T A 7
F(0.70%) > 3£ (0.47%)=T 1£32(0.47%) . L5 RIENTFE 5.

AN, BEFNEE S IIAEAE A R B A 2R T O 50
DYBRIERET, 6 NEREAEARAG AR ZY, 9 (hEf ek HAG
T 1A, A 35 BRI ARG O & E
B S TERFERIBTAG 6 Ry, 435l 2 e, 2
WMER. | R, B SEMIRE, FAERAR
FHIE LI RE S A BON 1 BURRIRHET . SR>3
(8)=HJK(B)>F ALK (T)>MiT(3)o
24 BEPRGZRBE|XKEITM

XF 5 FGE SR ) AR 2 kA T M TEAL, AR
AKX OMQIITHEHHFE 6, ADI HZS % GB
2763—2021, Z5HREoR, 5 FE IR A 25 1918 MR A
KB E 4 9k BT (0.001~0.023 mg/kg), i 3K
(0.006~3.665 mg/kg), Z3£(0.001~0.697 mg/kg), /K
(0.001~0.188 mg/kg), H1£3(0.002~0.463 mg/kg). FH
FrEE e % ADI A, AN 3.665%, TMHA:
i PR 2 A P %ADL AN 1%, 5 FIgi Sk ik
21 %ADIMEIEIE LT 100%, X FRHHREREFX R4
N e B BT A A M P A XU 3540, T DA B



5511 4 R, S U RS A A 245k B A B R R KU P A 271
£S5 SHERRAKRBREE
Table 5 Detection of pesticide residues in 5 kinds of vegetables
FERL G RHURZIE R ARG Ko PR E (mekg)  RIFREE/(mg/kg) WK WUH R

M LBk 2 — 0.0040 0.0097
WE I 3 — 0.0034 0.0113
WUz 1 — 0.0135 0.0445

T 2 ik A 1 — 0.0095 0.0499 13 0
ML ik AT 1 — 0.0054 0.0356
TN bk 3 — 0.0024 0.0045
WEREIE 2 — 0.0175 0.1460
WE R 4 — 0.0134 0.0739
ZRWR 3 — 0.1881 1.0100
WE H i 2 WE U 1 0.1759 1.7300
R 1 — 0.0265 0.2470
- WERENE 4 — 0.0086 0.0501

TR FmEN i 8 — 0.1712 1.0700 36 3
M 3 — 0.1045 0.9830
MLk AT i 4 — 0.4910 2.1200
F Tk R Bk 4 — 0.0707 0.3290
BiAETA K 3 BAETR 2K 2 0.0529 0.3080
B AET % 2 e 0.0136 0.0740
2N Nk ALk 1 0.3101 2.0600
WE bk 2 — 0.0380 0.2640
WEHIZE 5 — 0.0073 0.0239
WE e 4 — 0.0425 0.3580

s IS 1 — 0.0836 0.8180 . 5
PN EAN ) — 0.0629 0.5250
NIk AT 3 — 0.0213 0.1820
AT 10 — 1.8989 6.6900
WEREIE 1 — 0.0143 0.1160
LR 2 — 0.0447 0.4100
PR 2 — 0.0312 0.2940
e 7 — 0.0417 0.3120
ZWHA 2 — 0.0046 0.0097
M Sk 2 — 0.0241 0.1350
WE U 3 — 0.0090 0.0455
IE UK 1 — 0.0071 0.0526

Ey) 1N — 29 0
HFER 3 — 0.0082 0.0165
WA 1 — 0.0031 0.0042
TN — 0.0504 0.1800
ML ik AT g 2 — 0.0075 0.0550
F Tk ERIE 1 — 0.0062 0.0172
WE I 2 — 0.0105 0.0467
WE I 1 — 0.0020 0.0023
IE H bk 2 — 0.0055 0.0228

HALK STk 4 — 0.0045 0.0123 15 2
F Tk R Bk 2 - 0.0114 0.0391
BAETA % 2 BAETR 2K 2 0.0278 0.1380
ZWR2 — 0.0203 0.0863

T — RN JCHR AR 25T H o
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Table 6 Dietary risk assessment of 5 types of vegetables
RS L2 H T RFE B R 1/(mg/kg) T K BR R 2/(mg/kg) %ADI

it H ok 1.00 — 0.003

WIE g 0.50 — 0.006

PR 0.50 — 0.023

¥ 2 Tk Y B 0.60 — 0.013

M A Pk 141 i 0.30 — 0.015

s T N b 2.00 — 0.001

WA — 1.00 0.015

W g 1.00 — 0.011

ZHR — 2.00 0.078

WE H i 0.04 — 3.665

R — 1.00 0.022

T % 2 i — 1.00 0.007
i

s T N b 15.00 — 0.010

TR 15.00 — 0.006

L et Pk 4 30.00 — 0.014

I ik R A 3.00 — 0.020

By 2 7 2% 0.05 — 0.882

Bl 2 T 2% 0.05 — 0.227

M, H ok 1.00 — 0.258

IE A fpk 1.50 — 0.021

W Hy gk 3.00 — 0.002

W Hh i 2.00 — 0.018

— AR A — 0.10 0.697

- S e 10.00 — 0.005

M A Pk 141 i 20.00 — 0.001

s T N b 40.00 — 0.040

% B i 20.00 — 0.001

ZHR — 2.00 0.019

Jpral i3 — 1.00 0.026

W — 0.20 0.174

ZWHR 2.00 — 0.002

M He ok 1.00 — 0.020

WE H i — 0.04 0.188

I IE A fpk 1.00 — 0.006

a Hfi R 0.50 — 0.014

% 2 i 2.00 — 0.001

s THE N I 5.00 — 0.008

L et Pk 4 0.50 — 0.013

g N BN 1.00 — 0.005

W Hy gk 5.00 — 0.002

I H 0.20 — 0.008

IE H bk 0.10 — 0.046

HAIEHR 7 T P 1.00 — 0.004

g N BN 0.50 — 0.019

By 2 T =% 0.05 — 0.463

ZWHR — 2.00 0.008

T R KB PR 1 20 [ PRl rp oL A SR, Joc o RBR R 2 2R I SEhm il P oR AT IR AR MEEMLE TR 03, 225 b S i st
BHEGHESEE, R,
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3 wgSiie

X P T £ 1 50 1R B SR EE b b 43 Bl 2558 B Y
R % B0, HAE MRS H 2.(6.05%) FIEE A1 3.(0.326 %) B FLAIK,
JEHA R 14 B2 DURBER 20 £, FERk B4k
ey, X 5A0HT SV H X g S A 25k B 0 W 5 SR —
RO, e 2 2 T LUK H R R s, T RES R
TR R MOz R A Y Bk
SR, (HATR BT IEZ IR FE AR M . R
A, BT RMIREEAR 25 00 ) I AR s R 43 B 1 R A 5
T o B4 i S 4R 1 R SR P

AR, PRI SRRSO I 3R)
AR A 20 3 T A REESE, 73900 8.37% . 8.60%, iX
5 FARHA PR R —50 Hil 28 e R mp
WK, HARZFREAK TR & . R IR & 12
FE3E, X5 FANG P sl f—5, s & e
AR 258 BA e LL LB SR R, BbAh, W2 SRR R IR P
T B 32 P R A AE 2 R AR B B, 5 Fhgi=grh
WEERIBT RS 3 R AR 258 B IS 0L, HixZ Rt
T 6 FhRZGERE . X5 L AR A TR T B Ak 24 % B A )
4 R — 30, (EARSCTE R, TR VE ML AR R Ak 25
TRECE A, BERS IR B A RCR S, (HR MR A S HR A
IS BEARBIR AR, 16 AT RE ™ 645 T 51 24 5 9 BRI
VR & SRS Y A 25 3R B 728,

A 5 AE AHGER S T AS H A 2 10 XU PEAS B, R R
BIEA R AP EERESREMEEN R KEAR
500 g fit XU EAG (9 I 50 2% 14 1) T A b 252 40 2 B 1 JRURS: Fe
KAk, 7EIARE T BF5 0 PFA4 25 R %ADI {54535 /N F
100%, 1. B PO T B A3 5 g 3 (%) Ji 1 ok 1B A KU 7E
A2 N S R ATATH o X —TPA 45 R 5 JLAE
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