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Assessment of health risk of heavy metals in major crops in mining abandoned reclamation land

HU Qing—qing', NIE Chao—jia', SHEN Qiang’, KONG Chen—chen', ZHANG Shi—wen'

(1.College of Earth and Environmental Sciences, Anhui University of Science and Technology, Huainan 232001, China; 2. College of Sur-
veying and Mapping, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: Focus on the content of soil heavy metals in mining abandoned reclamation land and the associated food safety problems have ob-
viously increased. In the present study, the southwest area of a sulfur mining wasteland reclamation area was used as the research object. A
total of 40 soil samples and 40 corn samples were collected from different points. The content of five heavy metals (Cr, Ni, Cd, As, and Hg)
in corn was measured by atomic fluorescence spectrometry, atomic absorption spectrometry, and inductively coupled plasma mass spectrom-
etry. The health risk assessment model of corn was established. Based on the model, combined with geographic weighted regression (GWR)
and comprehensive pollution index method, the health risk assessment and correlation analysis of heavy metals of the dominant crops in the
reclamation area were conducted. The results showed that the mean level of all heavy metals in corn kernels did not exceed the limit of Na-
tional Standards for Food Hygiene (GB 2762—2012), but in some samples the level was high. Furthermore, the over—standard rates of Cr,
Ni, and Cd were 2.5%, 5.0%, and 10.0%, respectively, with 17.5% of corn samples exceeding the standards. In addition, the assessment re-
sults of the single health risk index with corn indicated that the pollution with Cr, Ni, Cd, As, and Hg had no effect on adult and children,

whereas, the assessment results of the comprehensive health risk index with corn showed that the pollution with heavy metals could result
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in health risks for children via food ingestion, thus, requiring special attention. The average annual health risk of Cr in corn was the largest,

which exceeded the maximum acceptable risk recommended by the USEPA (1.0x10™ a™"). Therefore, the prevention and management mea-

sures should be strengthened, whereas, the other four elements belonged to the safety level. The correlation analysis of heavy metal content

between soil and corn showed that Ni and As had a significant positive correlation (P<0.05) between corn kernels and soil, and Cd showed

a very significant positive correlation (<0.01). The GWR model effectively revealed that the influence of soil on corn was a spatial non—

stationary relationship, and it could provide scientific basis for differential treatment and prevention of heavy metal pollution in local crops.

Keywords: mining abandoned reclamation land; corn; heavy metal pollution; health risk assessment; geographic weighted regression

Al 52 55 3l — AR R Y TR I 36 3 32 45 1Y) 1)
A (a], A B N ek A A A AR I s )
FE A Jay AR B Y 24 A0 AR 2 SO A B LA AR
FAMG YETH R FE R B A S PR, E R E T
B BRI I BV R F R B B B R T A
A, AR S PR, ELAFAE 52 S AZ AR A Bk
B, BN R A B E S W, B SRR PRI
Fett. 2RISR 3T 5 B SR R K A AR
PR W PP TAE 2R OGS,

H TR RF ] A8 B oMb T SR R b v M, R [V
b DA Ml % 55 b T 4 Je 75 e ) 7R, AR
N2y 55 B R R T G R, B E
THAMEREAF 5 & ERE, B S IENT R, 2
BURAE YA T BB A, O i kA
A AR A 0 e, R NS B A A7 A g B A
[0 G O S S S = A N b S (B 7/
2 I 25 ) A R AL e AR LA L T Y DR 25 D 1 E
77 RERIWF T B 2 AR e XU 2 TR 3
SR, A ) it R DX DA R0 XIS 7 800, 328 26 B
HENSMIFSE R R . ST M E , HATC T
VEWy At e XUBS: R T 5 32 B4R TR e & Jm 0 XTI e
i A R A FH B 5 b R 30l R0 775 8 DX A5 IR L B,
AT X5 52 BRI kG 144 H 3 S AED R A G
A B A B I ST A EEA B R o BT E N R R
A, LIS AR SR o B 2 T A
JELTE] 1 22 T2 [l U0 2 i R G s ) A O
PR i — 2B TRA

FEXTLA AN AR SC LAY e i DX 7y 5 35t B it ik
W R FEHC A TR G, DL E AL 1 S W FEAZ O, AT
15 Y B it R JXU IS AT X6 KR i 4 S
FIVEH o 8T AreGIS 10.2 P53 B2 X B Kok L
HPE 4 R 75 Yl A W) 0 A AL, PR 1 RIS ] ) A
Y (Geographic Weighted Regression, GWR) fif: ¢ 1 1
HEARESEZ MR M. DR E SR
15 YL I | 97776 B P58 DX A8 BRI DR 5 B AR 4

1 #E57E

1.1 AREWMARERRE

AF5E X Ry MR (R B A DX, 57 F PO )1 4 oy i
it % [ AT (1059597 54" ~106°01" 57" E,28°01" 13" ~
28°02'51"N) , BT A1 296.79 hm?, 1 Fefiti) ih
F 1958 4%, EE N FHRA T RAGEHE , Lt K i E
R R S R, B R AT SRS .
W 7 5 b 5 B AR T 2013 4R 1, - By )
Ay AR BRI, G2 BRI | P A R
PE 4 3k )2 it , T 2014 4E K 58 L E BRI,
2R XA MR 1L 266.49 hm?, 70 K 54X, WF5EIX
i Ab D0 )1 F 5 P s D Ao D by, LA DY 1] £
ARG B R R, A3 AR 17 CAES
AR K B 220 1000 mm, Y BEE O BRES TE o F
5% X TR 7 BEAE 500~1100 m =22 [A] , 44> iy 34 52 47
AL, AR . KX R R B R 2R
IR , H3ELIRRYE N 32, AP & K. 7ELE
G2 SR UIBE LN 32, UKL e H A SRR S
AT 40 FES (1) o BFANRFET 2016 4E 7 H 5E A%,
R R E M RAEUREE R 0~20 em; YEPIFE & 19 R
£5 5 1 HERAE SRR R, B A SR R i St R T [
—mo SRR EOKFE ST, B SRAE SR 3~5 ALY
TRAFE, FHFI T GPS RE 4 72 B () M BT B KR
AR B R S ISR G 5, 25 KR B kK sk, 4R
Ji A28 TR Ve 5 RIS  FEE 5 AR AL A
RGP ELRATE, LA T
1.2 ik 58 iE 40 12

AW FEAE YRR 4 8 S B KA SR 1
(GBW-07603) #4773 Hrill i . FKAE SR FH HNOs-
HC10. M # i , ¥kt As FI He 195 5 R Sk
W) = RT3 638 (HG-AFS ) I % 5 Cd Al Cr R F H
TR A 55 B IR R 1 (ICP-MS) I 22 ; A B8 7 1
WA S 6 E 90 2 Ni RO 35 oo S DR TR i 8 i Ak
P KA 43 BT i, S o3 B R A 3R 24 A



336 RATFERZ 2R R L
N
Z 106°0'0"E 106°0'30"E 106°1'0"E 106°1'30"E z
=) —] o
- e
) =)
Q Q
z &
= =
I i)
« «
) )
N Q
Z z
o o
N ~
) )
Q Q
&1 1) Legend
& z @ KA Sample site
% R [ ] i H X Research area
) z A DRREPHERE
o o Location of study area
0 025 0.5 1 km e
[ — 7 . .
Sichuan Province
L L

106°0'0" E 106°0'30" E 106°1'0" E

106°1"30" E

B 1 SRR EMESRSE

Figure 1 Map of location and sampling points of the study area
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Table 1 The classification standards of grain heavy metal

pollution evaluation
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Classification : Pollution grade Pollution level
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Table 2 Parameters of the health risk assessment model
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Table 3 Characteristics of heavy metal content in corn kernel

T4 )R it 1450 Statistical results/mg - kg™ whnk v PO
Heavy metals 4% /[ME Minimum  #% A {H Maximum 41 Mean PR A AR UE Limit standard  Over standard rate/% Enrichment factor
Cr 0.080 1.910 0.178+0.292 1.000 2.500 164.050 0.001
Ni 0.070 0.610 0.187+0.115 0.400 5.000 61.800 0.003
Cd 0.004 0.710 0.044+0.117 0.100 10.000 261.210 0.058
As 0.012 0.037 0.019+0.005 0.500 0 24.970 0.001
Hg 0.001 0.002 0.001+0 0.020 0 15.830 0.007

T RORFPRIH CdCr As Hg 5 PP RRIE SRR E 5T A RO 19 CEn i FP s BB D (GB 2762—2012) s Ni & PP BRIES B S5 Sk 241
Note: The evaluation standards of Cd, Cr, As and Hg content in corn kernel refer to “Thresholds for Pollutants in Food” (GB 2762—2012) issued by the
National Ministry of Health,and the evaluation standard of Ni content refers to the reference[24].
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Figure 2 Spatial distribution map of heavy metals content in corn kernel
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Table 4 Single factor pollution index and comprehensive pollution index of heavy metals in corn kernel

7S et

Pi

Crop species Statistical value Cr Ni cd As Hg Pa
Tk e KA Maximum 1.910 1.530 7.053 0.073 0.093 5.122
Corn 5t/ME Minimum 0.080 0.170 0.039 0.024 0.043 0.133

I Mean 0.180 0.470 0.444 0.038 0.068 0.588
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Table 5 Results of health risk assessment of heavy metals in corn kernel

4R D lpug-kg+d? Qu D/ SEHIAEAR FE XU Average annual health risk/a™

Heavy metals g A Adult  JL#E Children WA Adult L Children hg-kg'd” CulRe A Adult JL# Children
Cr 0.470 1.119 0.157 0.373 3.0 41 2.727x10™ 6.406x10™
Ni 0.494 1.176 0.025 0.059 20 2.0x10° 3.539%10” 8.400%10”
cd 0.116 0.277 0.116 0.277 1.0 6.1 1.010x10° 2.412x10°
As 0.050 0.119 0.167 0.397 0.3 15 1.071x10°° 2.548x10°
Heg 0.003 0.006 0.030 0.060 0.1 1x107 4.285%107° 8.571x107°
Iy 0.495 1.166

2 D B S BESCHR AR AR EBRAE, Q1 /Ry U 275 SCHR[29-31].

Notes: Dy refers to the limit of heavy metals in reference[32-34], the standards of Q;,/R;, refers to the reference[29-31].
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KA E 4 S T A DX BTk

FAMRESESES DEESE S EZNL
AHAE M 25 (2 6) Bon , BN As 5+
HY Ni L As A7 7E I 25 TE AR G (P<0.01) , A5G R 0053 7l

4 0.355 #10.350; H.E K Cd 5 F 3 od S I 2
FIEA O (P<0.05) , AHOE R ECH 0.460, H LAl I, &
K Cd Ni Fl As 5 HHEH ) Cd O Ni Fil As fA7E R 2%
BXZR R K Cd AT NG Y BB o ke 5 T £ 4
FISEIR o PR A 5T X 4 38 0 R 1, 7 4 e 9 M %
i, HAL 2E T S A RS B i 7 LU A L 25 5 Bk
HRFRI L, X S B EOK PR I — AR A, T &
KA As B N DU 2R B IR 3 B AH 6 (P
0.01), 1 R ECH-0.348; 1L AN , HoAth To I & AH &k
H GWR /AT 45 R B (K1 4) , KRG YR
5 R AT YR B e R A A ] R AR RR Y,
H B 28 R B AR AR A . LR A5 Yt 5L
VBN BAR G, BORZEA TS Y da BrE o R AR i, 38
F K ) M R B T 3l 2 e TR R A 0 R EOR AR
[ 1 28 B4 X /N ik = 3T 6 K 52 i 11 5, 0
JERT, N 4 AT AN ) 2 (B4 B 1] 9 R B A
] (), BAS ] 7 [X 3 4 498 95 Y ok 6 K 1 52 i A48 58 o
= HEXF K 1 [l U5 R BOFE E B DX (R AR AT A A, S R
1E-0.019~0.593, K53 M IEA G . 78 X P4 g 5B
FLXEEHE, [FH RZ 0 -0.019~0.135, IE A4S AR

xo TEESREEFERIFHNECESSHEXES T
Table 6 Correlations of heavy metals in soil and

heavy metals in corn kernel

TSR FAFFHLH T 4 /B Heavy metals in corn kernel
Heavy metals in soil Cr Ni cd As Hg
Cr 0076 0287  0.200  0.138  0.052
Ni 0.041  0355% 0215 -0.348%* -0.052
Cd -0.140  0.127  0.460%*  0.067  0.045
As -0.258  0.005  0.143  0.350%  0.013
Hg -0.241 -0.108  0.167 0277  0.056

T N=40, #* S 1  E A DEME(P0.01) , 52 i 5 A G (P<0.05) -
Note: N=40, ** shows a very significant positive correlation (P<
0.01),* shows a significant positive correlation( P<0.05).
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Figure 4 Spatial distribution map of the regression parameter
from the geographically weighted regression analysis of
comprehensive pollution index of corn versus

comprehensive pollution index of soil
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