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Metal pollution status and health risk assessment of vegetables sold in Xingtai
Area from 2018 to 2025
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ABSTRACT: Objective To investigate the pollution status of 6 kinds of metal elements in different categories of
vegetables sold in Xingtai Area, and assess the health risks to the population. Methods Microwave digestion was

performed on 296 vegetable samples purchased from local markets, and the samples were analyzed by inductively
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coupled plasma mass spectrometry and atomic fluorescence spectrometry. The pollution levels of the 6 kinds of metal
elements in the vegetables were evaluated using the single-factor pollution index and the Nemerow comprehensive
pollution index. The health risks associated with residents’ dietary intake of these metals were assessed by the target
hazard quotient (THQ) and total target hazard quotient (TTHQ) methods. Results Chromium had the highest
detection rate among the metal elements in vegetables, reaching 85.1%, with an average content of 0.1090 mg/kg and
an exceedance rate of 1.7%. Among different categories of vegetables, aquatic vegetables showed the highest metal
chromium content, with an average of 0.318 mg/kg and an exceedance rate of 3.7%. Correlation analysis revealed a
highly significant positive correlation between chromium and nickel (#=0.629, P<0.01). In addition, pairwise
associated relationships were observed between chromium and plumbum (r=0.460), nickel and plumbum (+=0.435),
and cadmium and chromium (»=0.403). The Nemerow comprehensive pollution index ranged from 0.011 to 0.636
across the 8 vegetable categories, indicating an overall “excellent” level of metal pollution. Aquatic vegetables
exhibited relatively high combined heavy metal risks, with TTHQ values of 1.4571, 1.2359 and 0.9857 for children,
young and middle-aged adults and the elderly, respectively. Conclusion Metallic elements are detected at relatively

high rates in vegetables sold in Xingtai, and aquatic vegetables may pose a certain exposure risk to human health.

Meanwhile, children face significantly higher health risks from metal exposure compared with adults.

KEY WORDS: vegetables; heavy metal; pollution risks; health risks assessment
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2018—2025 AFMRHEIIALAE B L5 R F B R X
57 WA TR 5 T A il DX 330 00 510 78 265 4T 65 b
X, FEA = HIDUAHN =, 9 JH X SRR N
&M IX R . R AT5%, Ry Lo,
FAUFEN SR . MRS R KA B Tk
BRAE 8 R, HLiTFES: 296 1.

SRR (L2, 5 EER A F)); ZOCRARUERS & R (T
HIRE 100 pg/mL, HY. . WL OB B 26 FlonE, %
[ PerkinElmer 23 rl); SREREE (BT EE 1000 pg/mL,
thETHRRIE R, FERREE (BT R EE 1000 pg/mL, [E
FNGAA R ), SR HES R (BT RV 100 pg/mL) .
BUPRUMES (R B 1000 pg/mL)(E %A 64 )8 ki1
R HrIE o) L6 UK R ZR IR @45 L, i EE
AR,

1.2 UFE5E&

Nex ION350X HLJEHE & 55 8 T 1% (Y (inductively
coupled plasma mass spectrometer, ICP-MS)( 3
PerkinElmer 2\ #)); FSA-933 JHFHE 0GR LT RAL
A BRA T, MARS6 UM IEMIL(EERE CEM AF); GM
200 7 HFBEY (£ ] Retsch 23 H]); FA2003 Hi, TR (i
0.001g), _FVHRE B Rl A BRAFD).
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FH1TE

i 2T R HT AR ERL P (ICP-MS 15) ) (&M
SR ZE PIFRERRAERR T ) MPRIEBRERR P 23K, BRI
1.000~3.000 g Tl TH AR P, I 10 mL A BRI I e
FHZEMKERE 50 mL, &k,
132 BEFELREEH

S0 i A B A R e DL IR R R R A S
FRBEAY EESHEE R 1 Ak 2.

F1 WUEEBRIERER

Table 1 Operating procedures for microwave digestion

A FElEEEC FHERHRPC fE Y B [ /min
1 120 15 10
2 160 10 20
3 180 10 20

*2 HEBAFETHRENEESH
Table 2 Main parameters of the inductively coupled plasma
mass spectrometer

Y& =21 B INERE 34 BE
- b/
IR 7
AR R W 1550 FALLS 2 q 5
S B /(L/min) 0.80 RERHEARIGE B/
4 B < 5 /(L/min) 0.3 B U TN A A A 3
%%%ﬁﬁﬁi 15 AR /mm 8~10
/(L/min)
EAbEEE/C 2 Rt Bl
FE SR EE T R/ (1/s) 0.3 E:V=R/ ¢4 3

14 €REFFNEBEREEITMEE
141 FRFXFEETETNF &

K FH B 15 A8 B DTk (PRI A B 25515 e 4
BOEP wn)W T AR 15 Yt AT RN, AN AR e
LR 3. R AX()~Q2):

P,':

I3

M

X PONRIR i TTRTGRAGEG GBS P& RITR
PR IEE, mg/kg; S; M ROUER | FPFHARIE, mg/kg.

S,

Poy = # @

K Pua WNHEE LR ET5 YR B Poax HEFIER A SN
FHEEU(P) I KA Pove WEFNERSE P 9 F-21H
142 A2 RREIFAE

K F B bR G E R 502 (target hazard quotient, THQ)FF
AR 3 P 4 B A [ AF i AR O A i XUBR ). 320k
B 15 P O B S TR AR R, DA AE /75 e A4
BRI S S5 80 a1 RN R, AR 3)
W

EFrx EDXFIR x Cx 107
THQ = T Cx10 3)
RIDxBW x AT

i EFr N #2551 K (expoure frequency), 365 d/4F; ED N
524 [ (exposure duration), 70 4EU%) FIR ik Sl A%
(food intake frequency), g/d, 223.4(JLE). 355.0(F H:4F).
366.4(EH)); € MFE S 48 & it (concentration), mg/kg;
RfD 2} 1 IR 2 % 7| & (reference dose), mg kg' d,
RID(#)=3x10", RfD(f5)=2x10"21""), RED(Hil1)=3.0x107*,
RfD%E)=1.0x10 . RID()=3.0x 10", RED(4})=3.5x 1018191,
BW Jy AT 21K T (body weight), kg, 24.5(JL ). 60.3(75
) 59.4(Fh 2 4E) 20 AT 252 1Y F- 14 I ] (averaging time),
d, 365 d/4Fx70 4E=25550 d'"),
*3 SRBRERFNE

Table 3 Evaluation standards for metal pollution

LSS REE S 5 Ui i LRBTG YR B B

HR
BYSER BYRER 1Y R VYL S
1 P<0.7 i P4r<0.7 R 4e
2 0.7<P<1.0  WHWiEHE 0 0.7<Paa<1.0 ZHHE . Wi
T k%3 .
3 1.0<P,<2.0 %Zf:y‘J 1.0<Pss<2.0 W5
V5 YL
ZE| -
4 20<P=3.0 07T 20<Pue<30  hESH
15
ZE|EE .
5 P>30 7 PLa=30 R IE YL
V5 e

2 THQ<I, Fon#REE AREE B R, &
Z, MBI C R A AR AU, THQ fH KR
PREE /RPN N1z 050 o 3 v S0 W N 2.3 20
B — R e th Z Ao R LR S R, Rk, & I Z
&JREA N (total target hazard quotient, TTHQ)ZFE/R £ Fh
SREA KK, TTHQ NHZEH&1~4)8 THQ s,
HRHAKX@WT:

TTHQ=YTHQ (4)

AP Y TTHQ=< 1, b AA{d B A B 25 10 67 1 5% 15 ;
M4 TTHQ>1, F/mxt A A5 A= 17 18T 52 0 11 AT REME R
2 TTHQ>10 A, TR B X A A il FE A7 A 8 M s sk i 121
1.5 REFEHISERITH

i SR AR A A A N A L bR R SEATRE
AU UEAR D) T3 55 22 30T e P i 1 it 0 P S 0 o A G
MBI HERRTE . 5% GB 2762—2022 (£ 524 FH %A%
W B TS Y R ) AR ) i 2 O i 2 4 A A I 4
ST R AR T E
1.6 IR

TG 4) 4t SPSS 23.0 #4724 5 WA 0T, R
FH Spearman FEFT AR SR 43 Hr o Xt iR 3 v E 4 I A RS2 TR
Bl A T BRI AT, KR KIE 0=0.05. XA H HHE b
TSR A H B EE B T 60% T, AA: HH Bt R ARG R
(limit of detection, LOD)E X, Ak i £l LUK T 60%H T,
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FH B 1/2L0D AP,
2 RS54

mXRPERITEIRNIEFR

AHEFE 6 FPoTEAREM LA S R BB KT 0.999;
IFRACE R . oL IRENRERLE 80%~120%Z ), “FATHEAHE
SEFRER 22 /N T 13%. SRR 296 (RERSEREN,, 20 B &
BB Y. R o EICE, BIEILENA R
R BE AR HE (3R 4) o HoHp, B AORE H R IR, a5 3 85.1%,
AR R 1.7%, i3 {E 4 0.1090 mg/kg, HAMEH K
0.770 mg/kg; HUCNER 50 B0 HF, K HRIKUCN 80.4%
63.5%. 46.3%., 40.5%, R H AL, (O 1.0%; AL
HAMEOLE, 5. B WA KRR, s

2.1

BAGHARRIGIZB] T 1.7%; . SR, (A (Y
TERREEORZ N
22 FREHERFERTENRHER
WA, FEEE, AR, ZHE KA
FOMIBE, L L B B BRA AR AR, K
WA TEREE I Z N, BJRRTE 4 FERs PRI,
ULHIRTEIX 4 Kb I5 RS EAR . BRI A SR
Brazmakz b, 5 FhaEocR A AR AL, Hh g
JEEEAT 40y, BB E S IR AR, EAR R IKE] 10.7%
3.7%. WEZEAEER 5 R ROCEA IR (R ARG ), H
TR 2 Oy L E KRR, BN 3.3%. MESESHE
oo HEEECEIA R, Hb | R 1 OnlH ER

FRREEBRIE, HEREN 3.6%. HMAK I, WL 5.

F4 BRPERTENRDIFR
Table 4 Detection status of metal elements in vegetables
RNmE e cREAy KR BoRs RmER% ERBoR/ IR/ % FHE/(mg/kg) R {E/(mg/kg)
% 252 85.1 5 1.7 0.1090 0.770
i) 238 80.4 5 1.7 0.1067 1.310
fi 137 46.3 0 0.0 0.0099 0.060
i 20 188 63.5 0 0.0 0.0062 0.086
x’ 3 1.0 0 0.0 0.0030 0.008
i 120 40.5 2 0.7 0.0134 0.120
®5 TEENEXRPERBTESENRHER
Table 5 Detection status of metal element content in different categories of vegetables
e 5l I v B T = I =S R (S K fod/n K% @ EcR BRER% FIE/(ng/ke)  RAME/(mg/ke)
i 24 100.0 0 0.0 0.0701 0.185
i) 24 100.0 0 0.0 0.1761 0.545
Gk E? ”4 18 75.0 0 0.0 0.0095 0.022
% 16 66.7 0 0.0 0.0041 0.014
xK 0 0.0 0 0.0 0.0030 0.003
it 11 45.8 0 0.0 0.0058 0.024
i 38 69.1 1 1.8 0.0772 0.770
3 40 72.7 1 1.8 0.0912 1.000
M3 i 25 455 0 0.0 0.0113 0.060
B3 ] > 44 80.0 0 0.0 0.0084 0.047
x’ 3 5.5 0 0.0 0.0031 0.008
B 27 49.1 0 0.0 0.0193 0.111
L 27 96.4 3 10.7 0.1952 0.690
i) 18 64.3 1 3.6 0.1903 1.120
fitt 14 50.0 0 0.0 0.0121 0.055
HEHER — 28
% 28 100.0 0 0.0 0.0130 0.048
xK 0 0.0 0 0.0 0.0030 0.003
it 20 71.4 0 0.0 0.0126 0.094
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ol s e FES O E for Hh By Kt R/% BARBCRMY BrE/% FEE/(mg/ke)  BoKAE/(mg/kg)
% 36 60.0 0 0.0 0.0965 0.293
R 37 61.7 0 0.0 0.0673 0.553
K g TJT 60 39 65.0 0 0.0 0.0142 0.046
i 44 73.3 0 0.0 0.0069 0.086
K 0 0.0 0 0.0 0.0030 0.003
Y 29 48.3 2 33 0.0243 0.120
#% 54 96.4 0 0.0 0.0457 0.174
B 47 83.9 0 0.0 0.0333 0.159
S ET 56 19 339 0 0.0 0.0063 0.018
i 8 14.3 0 0.0 0.0025 0.004
R 0 0.0 0 0.0 0.0030 0.003
) 13 23.2 0 0.0 0.0049 0.015
#% 28 100.0 0 0.0 0.1126 0.330
R 28 100.0 0 0.0 0.0683 0.192
g ﬁ? )8 18 64.3 0 0.0 0.0116 0.033
i 20 71.4 0 0.0 0.0052 0.016
K 0.0 0 0.0 0.0030 0.003
i 14.3 0 0.0 0.0033 0.019
% 27 100.0 1 3.7 0.3181 0.770
R 27 100.0 3 11.1 0.3057 1.310
KA ﬁif 2 2 7.4 0 0.0 0.0054 0.028
h 10 37.0 0 0.0 0.0049 0.038
K 0.0 0 0.0 0.0030 0.003
i 25.9 0 0.0 0.0195 0.086
% 18 100.0 0 0.0 0.0386 0.075
el 17 94.4 0 0.0 0.0523 0.184
fif 2 11.1 0 0.0 0.0044 0.010
S e — 18

i 18 100.0 0 0.0 0.0053 0.018
K 0 0.0 0 0.0 0.0030 0.003
i 9 50.0 0 0.0 0.0041 0.009

23 AEEFFERFERBTRISEEZIEN

MR 5 PAe B s th ] LA, S8 Mk
E SN & S NE SN L ZEAE 7 KB 6
B ITR MG R BN E T L T (P BN T 0.70), J&
FHIVBYAKT . KAELRB TS BIRATS IR P ol
0.636 #ZiE 0.70, URBEKELE R T EBIEA —E M5
B AHE, SR ISEHRARER IR R R, R4
WP A IS YA R I, P sl 0.475, A5 HABZE
BB MR A T5 Y BOR AR B =, RO U 2s A5 e
WEES . FERE 6.
HEPERRE X ITM
ABIFFE A X AN [ 28 531 25 v 4 OT RO A R TR 1Y)
R R 8 KU EAT VAL R B, AKAEZ8ER 38 P X JLEE THQ
%K, 4 0.9669, TTHQ 2 1.4571, THQ #if 1.0, TTHQ /&

e e
=8

24

T 1.0; KA KE P XTF LA THQ 2 0.6242, TTHQ
1.2359, TTHQ & F 1.0; /KA RBP4 %248 A THQ Ky
0.6451, TTHQ ¥ 0.9857, TTHQ i 1.0, A& &
B3R H KA 2R SR P ) 4 B AR T R R AR — i ROl IR
K, LB AHARR TTHQ YT 1.0, & A XU {44
o AN, 6 Fh 4 BT 1 THQ E-H{E A TTHQ 78 3 KA
e LE SR Y, LR 48 15 Yest ) LB 1 Al 00 7 55 i
RS B F AR RIEBAE . TRV 7,
25 ERTENEXMESN

42 )8 TT AR ] 1 AH DM 23 A 2 HE I HOR U 5 — B
HERIE . AR, AFEZTNGER P 8.
B EZ RIS IE A SE(P<0.01, P<0.05), #% . B4R
JCR Z A FEM 0 3 1EHH 56 (=0.629, P<0.01); %% . %%
(7=0.460), 5. H5(=0.435), 4. B (=0.403)F1EH WA
KR, HE S,
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Table 6 Evaluation of metal pollution indices in different categories of vegetables
Gt # it o f s i Pun U

O POPHME % PP % POV S% POV S POV S POTHIM S ’
gy 0140 If 0235 W§EE 0 0.019  WEWE 0.041  WEE 0300 VI 0.029  WEEE 0230 W%
FL A

g 0154 I 0122 W 0.023 W 0042 WEEE 0 0311 W 0.064 I 0235 WK E

DIl AS
g 0390 i 0254 BfIE 0 0.024  dETE 0130 IETE 0 0300 TG 0.063  ETE 0308 IHTEEA
L A

LB S P Sk Sk Sk S S Sk
e 0.193 & 0.090 T 0.028  WEE 0.069 WM 0300 G 0243 G 0238 L4
2]

QRS PEpEs ek vk ek vk ek vk PEpEs PEpEs Yy
- 0.091 & 0.044  THEE 0013 EWH 0050  VEW 0 0300  THIE 0 0.049 THIE 0222 EIHE4S
JILAS

%}é‘% V= —va 5 M=oY V= va M=oY V= —tva 5 V= —va 5 N Sy A
. 0.225  IHIE 0 0.091 TR 0023 WEWE 0104 WEWE 0 0300 IHIE 0 0.016  THIE 0230 WEIED4S
2]

kA2 . ep ep ep el g b
. 0.636  IHiE 0408 W 0011 JEW 0049 FEW 0 0030 IFE 0 0.097  THIE 0475 WEWE4E
L A<
_— 0.077 & 0.070  TEWE 0 0.009  VEW 0 0053 VEW 0 0300 IHIE 0 0.041  THIE 0222 WEWHESE
L A

R7 FRARIFEFELEBETEMN TN ERXLITE
Table 7 Health risk assessment of metal elements in different categories of vegetables for different populations
THQ

Rt EEEsl : T
R B B il P * o Q

R 0.2131 0.0803 0.2796 0.0374 0.0912 0.0151 0.7166

P Ed 0.2346 0.0416 0.3435 0.0766 0.0283 0.1760 0.9006

£ =98 0.5933 0.0868 0.3678 0.1185 0.0912 0.0328 1.2904

2R AR 0.2933 0.0321 0.4316 0.0629 0.0912 0.0633 0.9744

JLE#E GIE Ay 0.1389 0.0152 0.1915 0.0228 0.0912 0.0127 0.4723
EERBN 0.3422 0.0311 0.3526 0.0474 0.0912 0.0086 0.8731

KRB 0.9669 0.1394 0.1641 0.0447 0.0912 0.0508 1.4571

S e 0.1173 0.0238 0.1337 0.0483 0.0912 0.0107 0.4250

FIE 0.3624 0.0563 0.2831 0.0573 0.0833 0.0463 0.8887

GRE 0.1376 0.0518 0.1864 0.0243 0.0589 0.0098 0.4688

P& Ed 0.1515 0.0268 0.2218 0.0495 0.0183 0.1136 0.5815

BRER 0.3831 0.0560 0.2375 0.0765 0.0589 0.0212 0.8332

2R 0.1894 0.0198 0.2787 0.0406 0.0589 0.0409 0.6283

AR F RS 0.0897 0.0098 0.1236 0.0147 0.0589 0.0082 0.3049
EERBK 0.2210 0.0201 0.2276 0.0306 0.0589 0.0056 0.5638

TRAE RS 0.6242 0.0900 0.1060 0.0288 0.0589 0.3280 1.2359

ET I E 0.0757 0.0154 0.0863 0.0312 0.0589 0.0070 0.2745

S 0.2340 0.0362 0.1835 0.0370 0.0538 0.0668 0.6114

GRBR 0.1441 0.0543 0.1953 0.0254 0.0617 0.0102 0.4911

& e d 0.1587 0.0281 0.2323 0.0518 0.0191 0.1190 0.6090

BRI 0.4014 0.0587 0.2488 0.0802 0.0617 0.0222 0.8730

[T 0.1984 0.0208 0.2920 0.0426 0.0617 0.0428 0.6583

EAIN F RS 0.0940 0.0103 0.1295 0.0154 0.0617 0.0086 0.3195
EEREE 0.2315 0.0211 0.2385 0.0321 0.0617 0.0058 0.5907

TKAE B 0.6541 0.0943 0.1110 0.0302 0.0617 0.0344 0.9857

ZERFRH 0.0794 0.0161 0.0905 0.0327 0.0617 0.0072 0.2876

¥ 0.2452 0.0380 0.1922 0.0388 0.0564 0.0313 0.6019
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Y41, il 4343 (principal component analysis, =8 TRXINFZERFPEETRZEERESHT
PCA) gEHL R PCL. PC2. PC3 [0 TJ7 2 5k R 20K Table 8 Correlation analysis between metal elements in

different categories of vegetables
JLE & B i 5 K it
% 1.000
B 0.629%*  1.000
it 0.367%* 0.258**  1.000
B 0.403*  0.167*  0.367**  1.000

76.076%, H. PC1., PC2 HY4FEH(2.408. 1.163)¥KTF 1.0,
PC3 fU4FAEME(0.994) 53T 1.0, ] PC1, PC2. PC3(E4F
TEAE: 4.565)RFVIREIEILLE I B . o, PCL T
BT ER TN 40.129%, HAFE R FAS e . 45,
B EETE LA RENRE; PC2 XA 2R Tk
HR19.381%, HAFEH FAERAEMITER FHA KR K7

3 A PCL ARFNY I 154 . BRI %, it 0006 0071 0% 0078 1000
B AIGLELATA 0KIR, 355 500 42 8 O 38 0 M A AL Odebr 0435w 038 02387 0073 1000
ST A —B, W39, T IR AR, P<0.01; *FR B E I, P<0.05.

R9 HEHEPERE PCALER
Table 9 Results of PCA for metals in vegetables

o IR RHIE B &R AT 571 2%
FFAFEAE fREELS/% it /% PC1 PC2 PC3

PCI 2.408 40.129 40.129 § 0.807 —0.372 0.027
PC2 1.163 19.381 59.509 e 0.660 —0.604 0.180
PC3 0.994 16.567 76.076 i 0.577 0.685 -0.168
PC4 0.736 12.265 88.341 i 0.617 0.084 0.083
PC5 0.383 6.390 94372 XK 0.043 0.297 0.946
PC6 0.316 5.268 100.000 HE 0.778 0.308 -0.175

S JEAN, MULEE . BIAE . 246 A 3 26 A Reixt g st o
3 WigSie G IR IEE TSI £ B P (B 5E,  Se

KBGO 206 (TSRS b R e DRTRITHO AT 1 BB ESHXHRT G h ¢
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