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Evaluation of Soil Heavy Metal Content and Dietary Exposure in the
Main Potato Production Areas of Shanxi Province
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Abstract For exploring the heavy metal pollution in the soil of potato planting areas in Shanxi, and
conducting a health risk assessment of heavy metal intake in potatoes. In this study, the advantageous
potato industry base counties (districts) in Shanxi was selected as research objects and analyzed the
contents of seven heavy metals by ICP-MS, including Pb,Cd, As,Cr,Ni, Cu and Zn,in the soil of potato
production areas and potato pruducts. The ecological risk assessment of heavy metals in soil was carried out

by using single factor index method, Nemerow comprehensive index method and potential ecological harm
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index method. the health risk of heavy metal intake in potatoes was assessed using target hazard
quotient. The results showed that the single pollution index of 7 heavy metals in soil of main potato
producing areas in Shanxi province was less than 1,and the comprehensive pollution index was less than
0. 5. The potential ecological harm was slight,soil environmental quality belonged to non-pollution level in
general. The health risk index of heavy metals ingested by adults and children due to potato consumption
was less than 1. The pollution level of heavy metals in the soil of the main potato producing areas in Shanxi
province was relatively low,and the residue of heavy metals in potatoes posed a hidden danger to human health. It is
recommended to develop preventive measures, strengthen the tracking and monitoring of heavy metals in soil such
as potatoes and other vegetables to ensure the environmental quality of agricultural product production areas,and

thus ensure the quality and safety of agricultural products.
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Table 1 The testing results of soil samples
Source of Elements/(mg * kg™ 1)
Ttems -
sample Pb Cd As Cr Ni Cu Zn
D Content range 10. 8—63.5 0.066—0.240 8.43—14.4 60.9—152 16.4—48.2 11.9—47.2 41.3—81.2
t
A 2(‘ Oniw Average value 22,7 0.113 11.3 87. 4 28. 1 21.1 55. 6
city (n=24
Standard deviation 14.0 0.033 2 1. 50 25.9 10. 2 10. 6 12.1
Content range 15.0—320 0.076—0.597 7.78—11.1 50.5—81.2 15.2—26.9 12.3—22.5 41.1—66. 1
Shuozhou
. Average value 41. 4 0.136 9.41 63.7 19.5 16. 1 51.2
city (n=21)
Standard deviation 65.9 0.109 0.916 6.90 2.67 2.58 7.15
Xinzh Content range 17.3—97.7 0.108—0.212 6.13—15.8 48.0—86.5 15.8—25.8 13.5—22.5 42.4—72. 4
amehod Average value 30.3 0. 144 1.4 65. 8 20.5 17.2 54.2
city (n=230)
Standard deviation 18.5 0.027 8 1. 90 7.85 2.38 2.51 7.08
Lili Content range 11.6—22.3 0.090—0.243 6.49—12.8 42.1—63.2 19.5—29.0 13.1—22.5 40.3—90. 1
hane Average value 14.1 0.127 10.3 52.7 23. 4 16.0 55. 1
city (n=36) o
Standard deviation 2.38 0.027 2 1. 23 5.93 2. 16 2.29 8. 54
Tai Content range 12.2—64.5 0.087—0.226 10.8—16.4 54.8—79.8 18.7—25.2 14.5—179 47.7—182
, &(“yuazno) Average value 21.7 0.126 13.3 66. 7 21.5 24. 8 61.8
cit n—
Y Standard deviation 13.1 0.0327 1. 56 6.58 1. 85 36. 4 29.0
100 Yo N AL - p
%; Cr —e—Ni Cu 7/n -e-As —o-Cd —ePb #DI‘I Cu H qu 179 mg/kg ﬁﬁT 100 mg/kg E/JJXL
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Figure 1 The distribution curves of

heavy metal contents in soil.
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Table 2

The risk screening values and intervention values of soil contamination

6.5< pH< 7.5 pH>7.5
Elements
Risk screening values Risk intervention values Risk screening values Risk intervention values

Pb 120 700 170 1 000

Cd 0.3 3.0 0.6 4.0

As 30 120 25 100

Cr 200 1 000 250 1 300

Ni 100 190

Cu 100 100

Zn 250 300




870 i LS BT %

2024 4F

WAL B PP A AT DL B — 4 JE N
G EFEREE ., U5 Y Py HIRE SR TR
TR TIE C 5 R R B P M bR M S 1
LU A s X A 48 rp 0TS Yl AR Y 4 bR TE R
P,<<1.0 RIET5 YK F, 1. 0<<P,<<2. 0 R 215 Y K
2. 0<<P,<<3.0 A5 YK, P.>3.0 HETG
QoK. LR W] : PpyJ2 0. 06 ~1. 88, — M FE iy
B GIKF  HR T A S AL R AR TS G K5 P
0. 25~0. 66, A s A3 R AET5 YK Po J& 0. 15~
0. 61, ir 43 5 A 35 4 HE 75 Y K F5 Py /& 0. 08 ~
0.25, It A s A7 ¥ Ry 4B 75 YL K 5 Pe, J& 0. 12 ~
L 79, —ANBE S N B35 YK, A Br AT A i ¥ o
VYK Py 0. 13~0. 61, T A i A ¥4 JE
HYKF . L5 b A A T SR
X 1Bl A+ EMESECRSE. AM
AR S TP RO R R o R T s e K
W 7 30 L Ry 0 e oKk P Ay R Y 4 4 3 Dy AR

75 YLk S,
2.3.2 WP G548 805

PR A2 45 50 P 2 — b TR A6 8 Pk 5% 1 A R
E AT 2 7 SRS R 4 . DR HRR S 5 08 T
15 Qe d S E Y A1 O R A A i S T AR
B F2 0L 2R A B2 L S IO P B 22 10— i R B o

FRE. T T M T B S 7 X AR A
AR 5 B P W] LUK W7 5 85 55 7 1 3R 55 T i 5 07
BrdriE Z O &R — MRUEK, Py <<0.7 4,
0. 7<Pyp<<1.0 NEEML, 1. 0Py <2.0 JEEHE5
Yo, 2. 0<<Pyu<<3.0 HHEGY, P,y >3.0 NEETS
Gy, FOHL T S B Hb 0 N M AR AL Py R/
HEF 43 91 R R JE T 0. 414) > B 221 (0. 379) > K [
7 C0. 36 1) > fF JH T (0. 361) =¥ M 7 (0. 308) . 44
R, T M 0 5 4% 2 7 AR 4 K 32 )
HEBIGYJE T K &R RS g,
2.3.3 WEAESEFREE

TRTE b 2518 2 46 $00 (UFR “ Hakanson 3#£7) &
i F BBl 24 Hakanson F 1980 4E#E H #7119, &
— PR A S M B PR B AT A R AL UL A
FEXT s TR Y b R TS TR I
EUY L BN E L EES B SR AR
& T Z o R W E AR S BE M KOP 75 Gk B DL R PR
Xof 4 JE G e URE SR I R R AEE PR BV )T
B RN ez —. HhigEAaSaE R
BOE RS 150 o) 5 e AR A AL
TR 5 AN SR M LR A I AR A S S FE AR RT A
WA — W2 NGRS TEES G ERENLGE
AR 4 DFR LI 3,

®3 BEESEREIR

Table 3 The potential ecological hazard ratings

E, Pollution level RI Pollution level
E, <40 Slight ecological hazard RI<C150 Slight ecological hazard
40<E," <80 Medium ecological hazard 150<CRI<C300 Medium ecological hazard
80<CE, <160 Strong ecological hazard 300<CRI<C600 Strong ecological hazard
160<<E,"<320 Very strong ecological hazard RI=600 Very strong ecological hazard

E, =320 Super strong ecological hazard

it XA R B S E RT BT AR B
FRERALZRMIEFE S BT RN E 802 L
Pb.Cd.As.Cr.Ni,Cu.Zn EF T EZ N FEEE LR
Y RI HE , FO T S8 3 XA A 4
B E TREMAESEFERE., BNmrEEES
155 RECE, % ou R ARG 43 5 KA T L 5 3 . Cd>
As>Cu>>Ni>Cr>Pb>Zn; ¥ M i AN i : Cd>
As>Pb>Cu>>Ni>Cr>>Zn; KJE i : Cd>As>Cu>

Pb>Ni>Cr>Zn, i RI HiF M KB >4 0 > 9
M>KE=>E 3,
2.4 DHREHGITESELENEE
HRE O 2 ST 1% ICP-MS A i 43 B 7 i X I vg 44
BN KA AN T A N T B3R T R R T A M
HORERNN DR BRI ES R T E S BN,
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Table 4 The testing results of potato samples
Source of Elements/(mg * kg™ 1)
Ttems -
sample Pb Cd As Cr Ni Cu Zn
. 0.003 9— 0.000 8— 0.001 6— 0.010 1— 0.023 9— 1. 15— 2.12—
Content range -
Datong city 0.015 0 0.0119 0.005 3 0.051 8 0.092 3 2.04 4.52
Average value 0.007 7 0.003 9 0.003 2 0.021 4 0.044 1 1.58 3.01
. 0.004 9— 0.001 4— 0.001 4— 0.012 0— 0.007 8— 0.51— 0.97—
Content range
Shuozhou city 0.139 0.014 7 0.006 9 0.071 2 0.275 3.70 5. 45
Average value 0.017 0 0.003 8 0.003 8 0.023 9 0.070 3 1. 34 2.57
. 0.004 4— 0.001 1— 0.001 7— 0.008 7— 0.007 9— 0. 36— 1.49—
. . Content range
Xinzhou city 0.129 0.007 4 0.011 0. 662 0.138 3. 26 4.63
Average value 0.017 7 0.003 4 0.004 7 0.046 3 0.038 4 1.53 2. 86
. 0.004 7 0.001 5 0.001 7 0.014 4 0.016 6 0.79 1. 32
. . Content range
Liiliang city 0.061 2 0. 008 2 0.004 4 0.029 9 0.051 8 1.75 4.78
Average value 0.011 2 0. 005 8 0.003 4 0.024 0 0.031 2 1. 41 2.71
. 0.004 3— 0. 000 9— 0.001 7— 0.016 2— 0.032 4— 1.12— 1.47—
. . Content range
Taiyuan city 0.019 0 0. 004 8 0.006 9 0.058 5 0.121 2.22 4.18
Average value 0.010 7 0.002 2 0.003 8 0.032 4 0.063 4 1.59 2.74

MALLIPE A8 458 9 LA BT Eh 48 8 32 X i R i 4
JE RIS SRR, B Pb & & 0.003 9~
0. 139 mg/kg, H A N 7 5 ) JH 7 5 48 5 b 4
AR B AR AT SR P
AN M SR EE XM Cd W EER
0.000 8~0.014 7 mg/kg, H.ip B 211 L4 im
P AR A, oA = A T S AR A A 2
AN R Ey % S rp i i R I SRR
As &8 R 0.001 4~0.011 mg/kg. H 7
LG % S TR R A G R s A DY A T S B
A AR AR AR B E M Cr 195 &
2 0.008 7~0. 662 mg/kg, H rpfr M 1T 4% 5 b %
T AR R HA U A T S R R A A 22N
K& BB S mdh Ny & &k
0.007 8~0. 275 mg/ kg, H A1 ] M 17 F A5 T 44 3
TR B AR R R = T S T E
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FCrp IR 5 AN K JR] T b 4% S e R R A e L
YR T N T BT R M T A S b A AT
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H R TR T B 8 S b 0 B O R VTR L R SR ARIR
ST M R T LR O
2.5 REGPFESETENTLIEM

GB 2762—2022( &M & 2 E X nifE & his
ey BR A ) i O E T Bk 3 TR VB LB L Y PR 4
bro BRE(EIER S,

MLLTPG 48 BT N 2 8 38 3 7= XA i T A 7 i o
e RS R F SRR S TPERA —A

B A B 4% 2 5 0. 662 mg/kg T 0.5 mg/kg /Y
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R EL T AR JEE 5 KPR T XU AT R A1
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Table 5 The limit of pollutants in vegetables

/(mg -+ kg™")
Species Pb Cd As Cr
Vegetables 0.2 0.1 0.5 0.5

Ty % S5 Jm X R e AR A B KBS D 2 R
M BAFMER £ 8% (THQ/TTHQ) #E47 .

E: XEy XFrXC
Ry XWpp X Ty

TTHQ=Y THQ

o B S AR ZRER A28, 365 d/as B g N2 5%
WA aOJLEE :6 a3 BN :70 &) Fie A EMIEA K, g/d,
RO E R RS RIS 2022) P RE 45 g A B H
B 50~100 g;C NHE 8 & . mg/kg; Ry i IR
£ mg/ (kg + d),Pb,Cd, As,Cr,Ni,Cu,Zn
ZEFN R MR 4X10 °,1X10 °,5X10 *,3X
1079,2X10 *,4X10 *,0.3 mg/(kg* ;W Hy
SRR kg, L AR AR 43 5 32. 7,
55.9 kg Ta i AF 80w v 2 B & 0 6], 365 d/ax
E,.

THQ= X10°°

B KU THQ<T1. UL Wl FE XU /)5
THQ™>1. R WX AR T] REAF 1 f e MBS . 2 & %
FRldFEXEE TTHQ=1 I, Ui B # 4 J& X AR A
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B TTHQ>10 I . i B 4 J& X A AR A7 7042 1
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Table 6 The target hazard quotient of heavy metals in potatoes

Elements Content average values of heavy metals/(mg « kg™ 1) THQ values of adults THQ values of children
Pb 0.012 9 0.005 8 0.009 8
Cd 0.003 8 0.006 8 0.0117
As 0.003 8 0.013 5 0.023 1
Cr 0.029 6 0.017 7 0.030 2
Ni 0.049 5 0.004 4 0. 007 6
Cu 1. 49 0. 066 6 0.1139
Zn 2.78 0.016 6 0.028 3
TTHQ 0.13114 0.224 6
2.6 SHRENTETESENESRE B/ R AR A R <1002, B AR R BT LU RAE AR

BeAer™ b & A G S S AN R L SR
EEZE SO SRR E R R BCF=1E N 4

7 i LS S R TR A RE T AT ST Y
AN M SR e R A R AR AL 7.

R7T DREMNEERERY

Table 7 The enrichment coefficient of potatoes /%
Source of sample Pb Cd As Cr Ni Cu Zn
Datong city 0.042 1 3.72 0.027 4 0.026 0 0.170 8. 54 5.58
Shuozhou city 0.048 0 3.24 0.040 0 0.038 2 0. 367 8.53 5. 10
Xinzhou city 0.061 0 2.45 0.042 4 0.063 4 0. 187 9. 00 5.28
Liliang city 0.107 8 4.62 0.032 8 0.045 5 0.133 8. 81 4.92
Taiyuan city 0.062 9 1. 80 0.029 0 0.048 5 0. 294 9.25 4.76

M7 PR UUE & B EX PR
EHEBICRNE LRSS AR, &EREBK, &
AR HE R, HUE AR e 1 MR B/IMERIR A Cu™>Zn>>
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