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ABSTRACT: Objective To investigate and analyze the pollution status of 6 kinds of elements (lead, chromium,

mercury, arsenic, cadmium, zinc) in vegetables from markets in Hebei Province from 2022 to 2024, and to evaluate
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exposure risks for different populations. Methods The 1330 vegetable samples (12 kinds of) were tested for
multi-elements by inductively coupled plasma mass spectrometry (ICP-MS). Test results were statistical analyzed.
The risks of exposure of multi-elements for vegetable-consuming populations, including those aged 2 to 3,4 to 6, 7 to
10, 11 to 17, 18 to 29, 30 to 44, 45 to 59, 60 to 69 and 70 above, were evaluated via methods combined with
Nemerow pollution index method, target hazard quotient method, total target hazard quotient method and
carcinogenic risk index method. Results The detection rates of cadmium, chromium and zinc were all above 50%,
with zinc having the highest detection rate of 95.1% and mercury the lowest of 11.6%; among all samples, the highest
detected aoumut of zinc content was 15.5 mg/kg; among 12 kinds of vegetable samples, Chinese chives had the
highest comprehensive pollution index of 0.254; chromium had highest target hazard quotient value and carcinogenic
level, which should be continuously monitored. Conclusion The pollution status of multi-elements in vegetables
from markets is at a safe level. The overall exposure for multi-elements through vegetable intake is not high, with low
health risks and no threats to physical health. However, since the weights of children affect the non-carcinogenic and
carcinogenic risks more than the weights of adults, the assessment results such as element exposure levels,
integrated target hazard quotient values, and carcinogenic risk for the younger age group (2—6 years) differ
from those of other age groups, which should be focused on.

KEY WORDS: multi-elements; vegetables; inductively coupled plasma-mass spectrometry; exposure assessment;

target hazard quotient method;
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FH1TE

FERFRY ., 222, 2K BRI | MRS 12 .
1.3 HMmETAtE

BURESh AT Ay, BESETR KT 500 g, FHERE
PEIRSIPLIEA IR S, BURSIFEM 1~2 g TR iy s
W, A 7 mL fi#R, #Ew, #rsEi. WH, ##17
T T, AR LR 1, M SERRBUE, BRI
th, fE 90 °CAIE MR | h, B TR, HEBKERRE
25mL, £,

w1 HORHERER

Table 1 Microwave digestion procedure

%W b TF ] PRI BE LRFFT E]
/min /°C /min
1600 10 100 20
1600 10 150 20
1600 10 180 40

1.4 HRHENE

T 188 I TR it ) L SRR 5 55 8 A I 1 AR A T
BEL R L L B 6 ROLEMIIE ., UESEEENT:
SKEEVREE 5 mm; FE3% 40 t/s; FALZRFE 0.985 L/min; 4B
S i 0.8 L/min; YHIS MR 14 L/min; SN 1550 W,
B AV IE, R Sy . o8 Wi mrsE
RV A R ZE K, B Al AL
1.5 RERIESREET

SR PR 1h AR A SR PRSI, DA Ak 3 B
XS s T, I P i U A TR ST LR AR R S A B
TRUERE S 38—k, B2 FE S0 TR TR 51 I 30 T 28 1R /K Ve v
Tt HE T, BB XI5 e, SEE b R  EA 7 4 R
b CPATRESL  IRREE S BB S R, R B AR I
XoF ST A AT ISR, ARS8 3 A AR SCHE R L SRR
B Ny i W ST A ot S Y 27
1.6 HRPEESRBSEENFTE

AT 5T A 4 SR T Y DU R T B R S Y R A
PEAN RPN MR 255 DR 75 e 8 BOE A PR E A 5 9k,
TEARU D) ~Q)FTR, TPNFREINER 2 PR,

BB 5 e AR BN WA (1):

C.

Pi:fl 1
s ()

A PORTEIY | BRI IS YR ORI i S
PRI BRI, me/kg; S NG U | BOE AR L, mg/kg.
WIEE 256 HF I A8 5P )M WA (2):
P2, +P?

Pﬁ — ave 5 max (2)

U Paye AR 75 Y8 B PSSR P BRI TG 5
R E PN
R2 SRERSRIE
Table 2 Grading standards for pollution index

I 15 YL FREL TG YLTR T YLK
I Pi<0.7 Gh T
I 0.7<P<1.0 5 MR
11 1.0<P;<2.0 BREEE Y TR 3215 9%
v 2.0<P<3.0 LR ZF| TS G
% P>3.0 TG Y b TR

17 REVFHGE
1.7.1 4 BR 345

AT R 26 [E R 3 (U.S. Environmental Protection
Agency, USEPA)%&Aii 9 THQ FIl TTHQ 1Ak i 1 i 5 4% A
MR 4 R SR RS, 256 MPPAh ek, kiR E
G B X S R S Y R R, PR — RS O A A
i, AT AR T G)~5):

cpr= CXIR 3)
BW

THQ= CDI (4)
RfD

TTHQ=X. THQ, (5)

A CDI HREMHAGERSHELSE | WMAH REE
(chronic daily intake), pg/(kg * d); C MBI ESR | BIIRIE,
mg/kg; IR AiisE H #48% A H (daily intake rates), g/d; BW
AR (body weight), kg; RID Ay H 42 & 192 He 5] & (oral
reference dose), mg/(kg * d), #H USEPA K ATHYS: 21,
A 0.001 mg/(kg +d). #A4 0.0035 mg/(kg * d). KN
0.0003 mg/(kg * d). 4 0.0003 mg/(kg * d). 54 0.003 mg/(kg * d).
B 03 mg(kg * d)o —BEIEK, fEEFEL THQ Al TTHQ S 2
BERGE LY, s, KU, 248 4 )8 28 X THQ
1 TTHQ<1.0 I, FWIAFALEAR Zom (e HRE XU, R
IR S fi B AU B4, THQ=1.0 I, FRMIAF7EREL
LSS PN SOPN NS SR ¥ d (2 3
1.7.2 BB RG34

K R ORVFAE S0 B0 XS, HI TR I A (6):

R=CDIxCSF, (6)

A RO | XA N AR KUY, CSFo A BURRE
K [HT(oral carcinogenic slopefactor)?, #ii USEPA &Ai45IC
ZBOREAPREF P00 B 15 [me/kg « )] (TEHLEY;
61 [mgkg ) # 41 [mglkg- D' — MKW,
R>1x107* W, fb2EWp IR i % A A 45 v 0 KU ;
1x107°<R<1x107, LB i Xb A UK AE 78 W5 78 KUK ;
R<1x10"°, fL22W N5 i % AR TC S0 AU 55 XU 42 I 4.

1.8 HUEAIE
iz BEAH B T AE 2 28 (World Health Organization, WHO)
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T Y W DN B A PR g P HERE, R S RS
HZEB/NT 60%, At Bl 7 2k 1 B (limit of
detection, LOD)IY 1/2 #4758 1t; YA iR K T 60%, Ak
AR A LOD #7483 ARBF5EFIH Excel 2021 Hif:
R %f1(4.5.2). Rtools ¥fF:(4.5)F1 Rstudio #f(4.4.3)E47
VG iR RS N g

2 GERE5SH

2.1 REEH

R TR SE G 0 MERA P, RS20 AR b W B AT
ATRE S AR S ARSI, ISR AE 82%~117%2Z (1], -
ATRE S AR X AR UE Jf 22 (relative standard deviation, RSDs)k
0.41%~14.70%, Frifi Ml ZEHHE REU(NTE 0.9993~1.0000 =
], #rHFES GB 5009.268—2016 i & EFRME &
AP ZICRMIE ) A0 LR EEY RS

SEERFE S R E, BB (GBW 1001 5a)ill i 45 L3k 3,

DEAE R 3 YA - (E, P (EVE TN

R3 REYH 6 MARUELER(N=3)
Table 3 Determination results of 6 kinds of elements in quality
controlled samples (n=3)

FEYmS JuE WEE/(mgke)  BRMENEH/(mg/kg)
H 1.12 1.07 (0.98~1.16)
& 0.187 0.190 (0.170~0.210)
P 0.023 0.021 (0.016~0.026)

GBW10015a
T 0.522 0.540 (0.480~0.600)
% 7.94 9.00 (7.70~10.30)
B 443 42.0 (38.0~46.0)

22 AEMHEREFETENTE
22.1 BREFRRAENTEARF

MR 1330 (g, 6 FionR K &L 4 BF
N, HPEE . B B 3 FOTE IR R TE S0% L E, B
TR ERE N 95.1%, KITE MK ERE RN
11.6%; JTA ks e fh rp B & B R 5(15.5000 mg/kg), H:-H.
6 FoTEK R EHRBT GB 2762—2022 (&ML LEEK
PR ARG YRR ) R A BR A

RIKF

x4 BRPBLESEER

Table 4 Content of various elements in vegetables

ik SEYA/(mg/kg)  Pos/(mg/kg) Pso/(mg/kg) P,s/(mg/kg) Pys/(mg/kg) AME/(mg/kg) K%
i 0.00903 0.00100 0.00417 0.0120 0.0340 0.1390 63.8
fif 0.00807 0.0020 0.00200 0.00860 0.0320 0.2550 39.7
i 0.0163 0.00200 0.00200 0.0200 0.072 0.2730 48.3
i 0.0396 0.00200 0.0166 0.0426 0.177 0.4980 60.4
K 0.00113 0.00100 0.00100 0.00100 0.00200 0.0091 11.6
B 1.60 0.727 1.24 2.02 4.20 15.5000 95.1
222 FRRAMEFEFLEGFTLEKE 4(4.5.2) . Rtools FX1F(4.5)11 Rstudio K 14F(4.4.3)%F 1330 117

ABFFEICR A 12 MRS O, A RA,
B P A TU R AR N A, LU AESE, B A ST AT
iR AR AR FUAIR; 6 Fhon SR AEA B A A4
A2, S SR E R AR, BB YRR G

R, SRFVEEE RS P e i, HARTEBL LA 1.

o R SR mg wg -s%

2 400

3 300 I

H 200

&
wg!l ||. |!!|

% @§>%

Blh?ﬁﬁ%
Bl 1 12 FhERse R oo R s Yok

Fig.1 Pollution levels of elements in 12 kinds of vegetable species
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AWFFELL 6 T JmIT R B & B LR, D) R 4K

B SRR R RIF A ST . IRYE SR & M A FRAE,
ZHEE Spearman FRAHIC AT 1k SR W, JLEEIAHRK
PR 4R B8 As 5 Cr. Pb 5 Cr, As 5 Pb L5
HTIAHE, FHT As, Pb. Cr3 FhEE 4 @ HA [F I 5 YL
Cd.Hg 5 A48 U A s e R EEARAR, 75 G R XS Al AT,
HARgE R 2,

24 HEFLAERTESEEBEBOFN

ARG 1330 By i At b 75 P8 B0 AT, 12 Fhigh
6 FTRIE JeRIL g 5 iR, #R¥9% GB 2762—2022
1 GB 13106—91 { & P eE R DA AR ) TP RS 12
AERRHEBRAA (3R 6), W FLAE o A Z 18 B0k IR AR (A,
W PPy, S5 ER 12 FhEEseh 6 MocE s g
IR ISR o o S AP N XN = o N ) 9 ) S N L
B P iR 0.254, FEFASEM P oIflk 0.044; I Pk
F, FIURBNEFH AT, Thdeha o i ib R
N 0.312,
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b fi i # % B

A FRRER B, P<0.05; **FRZFWEH, P<0.01.
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Fig.2 Correlation analysis of elements in vegetables

%5 FEHES 6 M ESRRR

Table 5 Pollution status of 6 kinds ofelements in different vegetables

2.5 BRXEIE

WA OB B 5 A A iy (2010—2013 4E b [E R
B GHHRROA A R ) PO, B AR ARG
H, BAF BB SRR AR RE  CDL A TH5E, FHxt
B IOCR AR PPN, W3 7. Bt E h, o R i
AL ITCR BT A, RS AR, JRRXT S
MR B A BN o HoHh, 4RI 41(2~6 ) TTHQ HX i,
Ui B IR AR B I 3 SR R AR 5 5| BB, 4
T, @A CRR THQ Rl H, . flAY THQ i
5, A3 0.177 F10.120, PRI JE B 2885 3 B FH R A A
IS X A P A IRV A B A
2.6 HUEXE TR S

K2 P [ P 9 AE W 58 LAY (International Agency
Forresearch on Cancer, IARC)EUE Y 7038, i 4R E T —
REumY, BTLMOTIX 3 Fioc R AT 80E KA. @2y
K(O)THEAFHRFRAER Y B . AN RPE 5 Y Jo R B S8k A
MZILRBUERF, WK 8, AIEH Rw>Re>Ra, BLHIHE

. Pi .
i = i pm R p o P V5 YR
A%k 0.033 0.009 0.065 0.109 0.082 0.106 0.091 o
[ 0.277 0.039 0.312 0.137 0.168 0.127 0.254 s
HE. BHF 0.060 0.006 0.134 0.116 0.052 0.042 0.107 e
B 0.105 0.010 0.101 0.105 0.084 0.056 0.066 Y4
ien 0.115 0.018 0.108 0.114 0.092 0.064 0.101 ey
T3 0.044 0.019 0.170 0.119 0.062 0.064 0.133 ey
PNEES 0.035 0.036 0.114 0.026 0.085 0.034 0.091 s
Wk 0.136 0.048 0.152 0.120 0.217 0.177 0.183 s
9)IN 0.030 0.018 0.110 0.102 0.033 0.054 0.088 G4
W3 0.041 0.005 0.067 0.104 0.026 0.048 0.044 ey
PHLLAl 0.087 0.005 0.112 0.104 0.028 0.051 0.091 b
gk 0.228 0.009 0.059 0.113 0.086 0.090 0.175 b
=6 mEPETERMIERERE
Table 6 Food hygiene standard limits of various elements in vegetables
JLER S FR A7 1 /(mg/kg) Tt ke Y5
HAbgE 0.05
b SRR SR 0.2
' SRR . PURACERE . EXEERE 0.1
3. B 0.2
i fie 0.5
T ol GB 2762—2022
HE 3B 0.3
FEERH . UAEZE, ER HK 0.2
K i 0.01
& i 0.5
BE i 20 GB 13106—91
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Table 7 Exposure levels of multi-elements, THQ and TTHQ from vegetable intake among residents (2022—2024)
o e —— 4%5%%%@%@dn L _ THQ A A THO
i i it 7’ % B i i i K % B
3 % 0.053 0.047 0.095 0.007 0.231 9.343 0.018 0.157 0.027 0.022 0.231 0.031 0.486
4 0.055 0.049 0.100 0.007 0243 9.795 0.018 0.165 0.029 0.023 0.243  0.033 0.511
4t B 0053 0048 0097 0.007 0.234 9467 0.018 0.159 0.028 0.022 0234 0.032 0.493
4 0.053 0.047 0.095 0.007 0231 9339 0018 0.157 0.027 0.022 0.231  0.031 0.486
. 5 0.049 0.044 0.088 0.006 0.214 8.626 0.016 0.145 0.025 0.020 0.214 0.029 0.449
. 0.048 0.043 0.087 0.006 0212 8559 0.016 0.144 0.025 0.020 0.212  0.029 0.446
Hel3 5 0040 0035 0.072 0.005 0.174 7.031 0.013 0.118 0.021 0.017 0.174 0.023 0.366
4 0.040 0.035 0.072 0.005 0.174 7.032 0.013 0.118 0.021 0.017 0.174  0.023 0.366
1417 B 0035 0.031 0.063 0.004 0.152 6.126 0.012 0.103 0.018 0.014 0.152 0.020 0.319
4 0.037  0.033 0.067 0.005 0.163 6.601 0.012 0.111 0.019 0.016 0.163 0.022 0.343
18-29 5 0031 0027 0055 0.004 0.134 5430 0.010 0.091 0016 0013 0.134 0.018 0.282
42 0.036 0.033  0.066 0.005 0.160 6.457 0.160 0.109 0.019 0.015 0.160 0.022 0.337
30-44 B 0032 0028 0057 0.004 0.139 5626 0.139 0.095 0016 0.013 0.139 0.019 0.293
4 0.037 0.033 0.067 0.005 0.163 6.577 0.163 0.111 0.019 0.015 0.163 0.022 0.342
4559 5 0.036 0.032 0.066 0.005 0.159 6.424 0.159 0.108 0.019 0.015 0.159 0.021 0.334
42 0.038 0.034 0.068 0.005 0.166 6.709 0.166 0.113 0.020 0.016 0.166 0.022 0.350
6069 B 0035 0031 0062 0.004 0.151 6.115 0.151 0.103 0.018 0.014 0.151  0.020 0.318
4 0.036  0.032 0.066 0.005 0.159 6427 0.159 0.108 0.019 0.015 0.159 0.021 0.334
=70 B 0033 0.030 0.060 0.004 0.145 5853 0.145 0.098 0.017 0.014 0.145 0.020 0.305
42 0.032 0.029 0.059 0.004 0.142 5745 0.142 0.097 0.017 0.014 0.142 0.019 0.300
THQ 1 TTHQ
A 0.177  0.120  0.021  0.017 0.177 0.024 0.372

RS 20222024 FERZFRBASTRBERT
Table 8 Carcinogenic factors of multi-elements intaken via
vegetables by residents (2022—2024)

) Rx107*
AR/ % P

R Ra R
5 3.2 0.71 95

2~3
i@ 3.4 0.74 99
5 3.3 0.72 96

4~6
& 3.2 0.71 95
5 3.0 0.65 88

7~10
& 2.9 0.65 87
B 2.4 0.53 71

11~13
& 2.4 0.53 71
5 2.1 0.46 62

14~17
i@ 2.3 0.50 67
B 1.9 0.41 55

18~29
& 22 0.49 66
5 1.9 0.43 57

30~44
& 2.3 0.50 67
B 2.2 0.49 65

45~59
i@ 2.3 0.51 68
5 2.1 0.46 62

60~69
& 2.2 0.49 65
5 2.0 0.44 59

=70
i@ 2.0 0.43 58

PEUENE R ST, JFH R w1 R wME T
X107, 150 B 70 38 B R LA 6 oo 0 B8008 XU, 5 7 AR

N

T 1x107%<R w<1x107*

WG R 2 AR e B0

RS o B R, AR A(2~6 %)3 s 3 i B0 5L
{8, I DO T AR AR R BEAOARAE, 5 T LAFRZE K
FELERTE . HIEF] H AT —REURY) B MRS R =,
AR BRI T, NITEADETE h e A TAG AR 2

B S A R 9 B0 XU .

3 i

SRS A

4x

=A

ARG ST T RS Z e R kI, HoAr il
LR A R BL(NTE 0.9993~1.0000 = [1], 2tk RAT, [qE
82%~117%=2 [], F-47HEA: RSDs 7E 0.41%~14.70%Z 7],
IRTSC SR B 36 g, s ) 5 X ZE A (Y RN, T3 T
B Z 0 R A . AR AL X R 1330 (R,
LB BE 3 PRI RIITE 50%L F, BEICR K
WA R 95.1%, RIGEMIKHREIEN 11.6%; Ak
HRE R P A B R (15.5 mg/kg), FEH. 6 FhoT M i E
Kt GB 2762—2022 FESRMREAE ., 12 Fhigiskd, #

2022—2024 AETEGR P ZILE TG YR8 L4
I, K RIS A g, HAAERA P s
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FH1TE

0.254, FEHRMEG TR RACH 0.044,; N P RE,
KOG E Y R K, Ko AR rh e R BUE SN
0.312, JHREL S HAZ TR B REIRAR R, R
B, AN SRR U . b, IR AL (2~6 %)
AR, BRI AR L B SB A E2 5) 5| K
S, T 2h T ORTE . Wit OC R THQ EW A i, B . fil
B THQ HeAeEs, 43518 0.177 F10.120, LR RESE K
FHEBA BRI X AR BV LE XU AR X EL AR . B L AR
fif 3 FhoC R BUE R EEARUGEI, JCR B HA 8RB
T DAV, 2 A A7 7 VA B0 DA o 3 2o X S [ 4 i
I B 2 B AL R B, (R4 41(2~6 % ) TTHQ FIEL
P R FBUE Y = T AR A B, AR BN i KURS B e
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