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District, Shanghai and analyze the risk of dietary intake. Methods A total of 809 vegetable samples from 6 major
vegetable categories were continuously collected over 3 years from 2022 to 2024. The content of total arsenic, total
mercury, lead and cadmium were determined by microwave digestion and inductively coupled plasma mass
spectrometry. The pollution levels were assessed using the single-factor pollution index (P;) and Nemerow
comprehensive pollution index (Py). The health risks of dietary intake were evaluated using the target hazard quotient
(THQ) and total target hazard quotient (TTHQ). Results The detection rate of heavy metals in 809 vegetable samples
was 80.2%. The detection rates of the 4 kinds of heavy metals ranked in descending order: cadmium>total
arsenic>lead>total mercury, their average content were ranked as lead (0.0408 mg/kg)>cadmium (0.0182 mg/kg)>total
arsenic (0.0123 mg/kg)>total mercury (0.0013 mg/kg). All samples complied with the limits specified in GB 2762—2022
National food safety standard-Contaminant limits in food, with all Pi<1. The Py of different vegetable categories was
all less than 0.7, and the order was solanaceous vegetables=onion and garlic vegetables>cucurbit vegetables>aquatic
vegetables>leafy vegetables>cabbage vegetables. The single heavy metal THQ from high to low was total
arsenic>cadmium>lead>total mercury. Overall, the order of TTHQ for different vegetable categories was leafy
vegetables>cucurbit vegetables>cabbage vegetables>onion and garlic vegetables>aquatic vegetables>solanaceous
vegetables. The TTHQ for both adults and children was less than 1. Conclusion The vegetables produced in
Qingpu District of Shanghai are not contaminated by total arsenic, total mercury, lead and cadmium, and are at a safe

level. There is no significant health risk to the study population from dietary intake of these 4 kinds of heavy metals

FH1TE

in vegetables.

KEY WORDS: vegetables; heavy metal; pollution index; dietary risk

0 51 &

AR Tl R AR IR T, A RS Yok IR
2o TavAEr=iEsh . PUESHE . IR B2 R
HIE S A E AR Y, K. K. IR
e L HE PR TR SRSEHRENE, TLES
BB IR A, HEd KRR, RIS M
BOMEEL . BRI R SRR, Sl IR R
W A

EREEEE I, B4R GE 0 EA —E R,
S ACR G 5 R Bk, (R s AMEPE
A, R E A 4 JE T Y 1 AR ) X LA P A dE AR L,
IR ARG . SRR B H TR E A 5,
[ J R B 48 1 (2022 Ji) IR N A 300~400 g, #71K
WEH=ZEEIRIE YRR, WERAREHERM. A%
BEAFNELSFEN: HE5EMEREMELRGEE
W RS PECEERASIE | R A2 LI TEE A
ez,

UEJUARET X 136 b X1 T 4 i T Yo PFA SCik R 24
FPERREE IS YT, AT T R T BIAT X AMYLIX
WAH X . BRS8N XA+ E 4 8 Rtk r
T AEPE I, (B b T A B 3 4 R S e
F B AU PEAG 5520, SRS O AT X . S IX
0T TR BRIA T IX. 4 A X0 g 5 T i o 4 V5 e i B XU

PRGOS, T B 9 AR X AR T 4T 80% LA E £
BESAT BRI R 2021—2024 AR X [ R
LAt R IR G AR, EIHXAE N iR E B
SEEEHL, RAESEHTAR 2700 hm? D b, K2R B 3R2E (A
AR 4T 99% A I, M2RER S H ARk Ry 1 7E 25 7 i L
b FEMREL T, 52 5 B FEBK RS AW
EEEIGY F, BRI 2 4R A RS
I, PR B 58 T 4 S8 V5 Y bR 100 B Aty JEC R R XU 2
Z) .

YT, ARWFFE LA TR T B SR A R
Ky HY. B 4 FPEE AR A W R R RS PEAR, A AR
i i S 2 AR IR 22 Ak i

1 MR5ERZE

1.1 MRS
BRI TS VT I X AL (1 D Bl e
X, RESAE PRGNS 2022 4E—2024 AERHBFEEESE, 3t
809 Y, SFEATME NY/T 2103—2011 (B iEH A MG )
P21l S B Y S ES U e Y G B N 5 N D
RN MBEE), KAERFERAIZEA) ., MhRE
(i AL AR . RRANER . )R, FURSE),
R . Kok, dE20)% 6 Kk,
SRR OGS4, LS S R e A BRA Hl); TR
BARAERS IR (R . B AL R, BTRDHRE 100.0 pg/mL, EFK



%5 15 3]

RITF, A 20222024 4F EHETF M 55 b 4 PG Jm T Y BILAR K 8 KU S0 67

A 48 SRR AT IR H) .
1.2 UE5E%

NexION1000 %Y Hi J& # & 55 8§ + 14 BT 3 A (38 [
PerkinElmer Inc./A #)); PL403-1C BY B, 7 R (JE+ 0.01 mg,
i AR TR 20 F]); MARS 6 CLASSIC % T A%
(3£ CEM /A +); EG37B Al = A AR CGEAA TSR U 7% Bt
A BRZSF]); UPT-I-5T SE506 % 88 4l K ALY 147588 4l vk
PHEABRAFD.
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Table 2 Overall detection situation of heavy metals in different categories of vegetables and soil background values in 2022—2024
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IR 8.2 0.001~0.010 0.0010 0.0013 0.9 0.16
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Table 3 Heavy metal content levels in different categories of vegetables in 2022—2024
s oA
i | HEJRATR - -
K /% TR IEHE/(mg/ke) rREE/(mg/kg) SEEIE/ (mg/ke) SR
Jeyii 49.7 0.002~0.480 0.0020 0.0150 1.3
JR 10.3 0.001~0.010 0.0010 0.0013 0.8
s
it 32.7 0.020~0.294 0.0200 0.0485 1.4
ki 83.8 0.002~0.178 0.0167 0.0252 2.6
pRii 38.7 0.002~0.133 0.0020 0.0089 1.8
) Bk 9.4 0.001~0.009 0.0010 0.0015 1.0
EEES
i 27.2 0.020~0.293 0.0200 0.0450 1.2
i 85.3 0.002~0.086 0.0153 0.0190 0.8
JsRii 61.8 0.002~0.210 0.0078 0.0109 1.8
KA BIR 1.5 0.001~0.005 0.0010 0.0010 0.4
% i 3.1 0.020~0.091 0.0200 0.0218 0.5
ki 3.1 0.002~0.037 0.0020 0.0024 1.3
Jeyii 29.3 0.002~0.081 0.0020 0.0077 1.9
L RR 7.3 0.001~0.010 0.0010 0.0013 1.1
Bk
it 14.6 0.020~0.099 0.0200 0.0265 0.7
ki 73.2 0.002~0.048 0.0127 0.0146 0.8
pRii 25.7 0.002~0.280 0.0020 0.0177 3.1
Bk 2.9 0.001~0.007 0.0010 0.0012 0.8
JRZE
i 11.4 0.020~0.095 0.0200 0.0265 0.7
ki 22.9 0.002~0.034 0.0020 0.0051 1.4
JsRi 13.0 0.002~0.010 0.0020 0.0028 0.8
. BIR 43 0.001~0.005 0.0010 0.0012 0.6
FiRAE
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ki 87.0 0.002~0.033 0.0092 0.0115 0.7
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Changes of 4 kinds of heavy metals in different categories of vegetables from 2022 to 2024



70 1 2 4 TR AG T 2 4 917 4%
10.06 10.06
KA O B B C—— S
100 = e B3R 100 | G e B3R
-4 o4
8ol B 1004 80} B 10.04
5 o)
S ] < 2 <
& 60F ER K )/# — ?
A N oo b 10.02 5
el 40 - § b 40 + \{ 41
| -
—
20 — § T~ 20t % lo
0 N
2022 2023 2024 2022 2023 2024
EAhy Fhy
100 - e tho 100 - et 10-
4 - 4
80t B~ 004 80| B 4 1008
= ? s 2
5 60} 2 i eof 1006 =
e - = 3 =
2 10.02 2 10.04
£ 4} Eﬁ'ﬂ £ 4o} 5 3 Eﬂ
1 — 0.02
20 H = S B, 0f N
1o
0 [ 0
2022 2023 2024 2022 2023 2024
Fy G

TE: AREES I E L, kAR =L,
B 1(8E)  2022—2024 4ERRIZEBIFRZE S 4 #4825k
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22 BREEERSEIN

809 M i SLMMELIY ZEARMEBR HE LR, Py £E 0.00~0.99
Z A, BT 1.0, LT 3 AFMFENEIRE S R 25 G

H12 4 NGRS E S RL A5 T, AR
FESL T, P25 A 0.02, 5K 0.13. % 0.41.,
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Table 4 Comprehensive evaluation of heavy metal pollution in different vegetable categories
s P IHAEBE Py V5 Y
frell Py
SR IR i ki 2022 2023 2024 L9
E 0.03 0.13 0.16 0.13 0.14 0.15 0.21 0.12 e
EPES 0.02 0.15 0.15 0.10 0.13 0.10 0.22 0.10 Uh
KBRS 0.02 0.10 0.22 0.05 0.17 0.16 0.31 0.16 Gb
Bk 0.02 0.13 0.27 0.29 0.24 0.19 0.28 0.24 s
JRZE 0.04 0.12 0.27 0.10 0.21 0.16 0.34 0.18 Ul
DIE S 0.01 0.12 0.30 0.23 0.24 0.16 0.26 0.27 s
R S 0.02 0.13 0.41%* 0.36* 0.33* 0.40* 0.55* 0.27* b
 *FORTA R EIEN Y . AR BR R LA PR A 0.1 mg/kg . 0.05 mg/kg it
=5 TRAEEXEREERNKEEHR
Table 5 Dietary exposure and risk index of vegetables in different populations
B EDI/[ug/(kged)] THQ TTHQ
JLE RfD/[mg/(kg+d)]
A JL# A JLEE LN JLEE
sy 0.0003 0.062 0.087 0.206 0.290
) 0.0003 0.006 0.009 0.022 0.031
0.38 0.53
# 0.0036 0.205 0.289 0.057 0.080
& 0.0010 0.091 0.129 0.091 0.129
#* 6 TREMEBRIZEARABENKLIEH
Table 6 Risk index for different types of vegetables and populations
M A THQ . JL# THQ o
ey BA L&
B A Bk o i TTHQ B B % i TTHQ
IS 0.251 0.022 0.068 0.127 0.47 0.354 0.031 0.095 0.127 0.61
EPES 0.149 0.024 0.063 0.096 0.33 0.210 0.034 0.089 0.096 0.43
KBRS 0.183 0.018 0.030 0.012 0.24 0.258 0.025 0.043 0.012 0.34
B2 0.130 0.021 0.037 0.073 0.26 0.183 0.030 0.052 0.073 0.34
JRZE 0.297 0.019 0.037 0.026 0.38 0.418 0.027 0.052 0.026 0.52
AR 0.048 0.019 0.041 0.058 0.17 0.067 0.027 0.058 0.058 0.21
NN 0.05000 mg/kg), H -4 B 5 T X7 7(0.011 mg/kg)!™; 4 il
3 whessie T4 R P F IR AT X 20182019 4574 45t
T = . 5 0.011700. 0.000478. 0.011300. 0.012900 mg/kg)!'®!, 4
3 BERE. BR. B BEESESEAT meke) "o 4

2022—2024 4F L B A, A EOK B
B P AL {ESM] 2 0.0020, 0.0010, 0.0200. 0.0123, ¥

KT EEGR B, R, 4. 4P AME0.030, 0.002,

A 15 YRR S AR T R A DX S 45 2R A AR

0.060., 0.020 mg/kg)?”, #iRERATFHARAK Y. 5 LI

AR AR AR L, SRR, Bk . B R T AT

3.2

[X2018—2020 B2 KA | EIR H-TF-H1E(0.02700.0.00187

AR — B, A £ B DR AR A AR IR (B> B
it >H> o) I EE <52 R 8 B2 BE 1 (R >R > 4>l ) 5 18 7 4 TiT
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