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Risk Assessment of Heavy Metal Pollution in the Agricultural Soil-Maize System of a Gold Mining Area in
Pingdu City, China

CHEN Lu, WANG Kai-rong", WANG Fang-li, SONG Ning-ning, LIU Jun

(Qingdao Engineering Research Center for Rural Environment, Qingdao Agricultural University, Qingdao 266109, China )

Abstract: Heavy metals pollution in agricultural soils easily occur in the gold mining area and thereby negatively impact ecosystem and
human health. Therefore, this study selected the soil -maize system in the typical gold mining area of Pingdu City as the case study. The
ecological risk of heavy metals in farmland soil was evaluated using geo—accumulation index method and Nemero index method. Human
health risk was evaluated using target hazard quotients (THQ ) method. The results showed that the potential ecological risk of the four heavy
metals in agricultural soils had an order of Cd>Zn>Pb>Cr, which potentially induced mediate risk and/or above. Thereinto, the potential
ecological risk of Cd was extremely heavy. The integrated pollution risk levels of the four heavy metals were all light and/or above. Thereinto,
the integrated pollution risk levels of the four heavy metals in the half of the sampling sites potentially were medium and/or above. The
potential health risk of a heavy metal(Cd, Zn, Pb or Cr) was low to residents in the studied area when they ate maize and their products.
However, there was a certain level of the integrated potential health risk, considering the total hazard index of 2.99x107 for adults and 7.13x
107 for children. Cd contributed the most to the integrated potential health risk, with a contribution of 60.30%. The integrated potential health
risk of the four heavy metals was greater to children than adults.
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WSRO LA S AT R R R, Bl SRR B Rah La . AL e X R & %%
BT IX LS R WA A E A R R L E e, HES R TR, B IXE IR TR E A TR
SRR E SRR R E LR TSRS iR

%5 B #5:2017-10-25 FHAH2017-12-21

EEWA AT AO A SR I5 H (091621-10402229019) P R
TEBRA W BE(1992—) 40, INACERE A R BFGE 2 , T3 3R PTAESR T IR SR T 4R 15 Y i g e T
EEVS YR N IRSE . E-mail :284473334@qq.com PIANEZ 2 1. Jung ZE99 4 Imcheon 771X

*BISEE . FYI5E  E-mail:krwangl @163.com

http://www.aed.org.cn —161—



RUFBERSMEFR-F 355528

- 358 4 JE V5 Y O R B TS R T R R BTOK
A INAE AT H X AR E 4SR5 e
(Cd.Cr.Pb.Zn %) EiERRN/INAZ KT AL, HA R
AR #7750 ) b DX R AT At B JRURS: TP
N, JLEEAZE) P (Cd XU =5 F AR N, DLk
W ULE, "X 4845 51852 Cd .Cr.Pb Zn S5 H 4
JE& V5 Y WFTE A R SRR O R R R O
HEZ PR B0 S X 0 X 4 U e A 2 KU A AR
F| ] Hankanson Az 25 JXUES: 72: R #E AR 6 35 28 B006 X L
NMAGERR XU AT T AN, 07 X - 4 15 YR
H A 1R 1 A 2 IR R AR R 1,

ST T M X A B IR A v oA X, R
Sk 30 25k, Rif iR AT A B F) 1885 4
(e 11 48), 401 T e BRI B SRR
EARFIRETE X ABIESE X R BE T i 4 — A
SR TG0 47 X, 1993 4ETF IR HET T5E K RA,
1997 S5 I T IR 0 A &4 2~3 gt 4578
4 170 kg L b, Yo 4 iR 5 BN PRk — AL B A5 TR
FNRR-TF RS AR XA A H A3 DUk RIS
ek 32, pH {H 7.52(6.52~8.11) . &0 TR LR —H %
R XA FH A 35 Y g E A Tl R A

R, ASCUI-BERr A 40 X A LR 21X,
WA XA H 3 —FOKR R G0 rp () LA T 4 g T e
SFAE, I b SR FE BN A 2 i H kA T 4 4
AR5 YRR, SR AR A2 T R BRI T AR
faBRE XU PEAY, R 40 IX AR HH - 98 R o e P4 S T
4 I 15 G XU A BB A -

| MRS

1.1 HMmRE

2016 42 9—10 J A0 X D EMRIA IR 0
G S AE TS Y i AR MR B BB 13 4R
FERIF (7 X)), B X BRI 3 AMFF A, 35 39 A4
SLCEH) AR RE 2 B4 SRR R EHEZ 0~20
1.2 HamlE

- RE SRR L 100 H i 5 F HC1-HNO,—
HF-HCIO, (R R 3:2:3:1) HEAT 4 A , T KR T
¥y i J5 1l HC1-HNO,-HC10, ({&FH 1 2.5:5:3) 47
it , JF PR SR 5 5 B8 IR BT A (TCP-MS )l 7 1 48
FEKAPRLH Cd Pb.Cr.Zn Fl As . FBR- 1
AL HUIHE R R TR (GB/T 17136—1997 )
E L3P He i, AR ER - IR T Th -2 IR 7 W i
—162—

(GB 5009.17—2014 )¢ T AKFRH Hg &k, R
% AR E Y B (GBWO7401 ) R4 7 B #:7h1 , a1
2 98.1%~103.8% . A, BHE I E A 2 4~25 1
B3 AT
1.3 TEES BT RESKEITEN

Z B+ IR bR i ) (GB 15618—1995) , 5k
FALAR PR 20 A HH 4 38 8 4 S8 15 et A 1oFAf
1.3.1 i BBHEEGL

H SRR BOEPIR T R R TS YR b, b fig

2% [E R BAAE AT RE S B T (AR s o HO MR
EWoE
1., =log,(C./KB,) (1)

K :C.NEEBICE x MEE,mg-kg™; B, Y1
TIEPE SRR « T RAHERLE T 50E , mg kg™,
AR ESEE SERMUASRERESBICRE
s K R [ R BUE 1.5, 154453 bn it 0L 1A
1

A

R S

R e
i
-5 e
e
T e
Kol

01 23456 7 8 9 I10mEBUEEK
B 1 st RRERES RIREE
Figure 1 Metal pollution levels based on the geo—accumulation

index method

1.3.2 WG HE L

PG 48 B0 SIRB A 45 2 YN 4 1T b 2 I 22 b B
& IRICE ILEA 5 YK, AT

P=C//S: (2)

I=[( Pyt P )12 (3)
KA P LIERICER § ISR CORILE | S
WIAE ,mg kg ™;S R on K i B9 £ 5 35 55 bR 1 (GB
15618—1995) v [ AR UERIG FAE , mg-kg ™51 N
MEZ FEE . 15 Y PbnifE WLIE 2.
L4 NfAfE B U 49y

S T35 [ [ 2 PR R (US EPA )R HS A #E b £ 3
BN S B Il AE A X AR AR 11 A XL
B TP . SEAR T FR OB R L B R
1A

http://www.aed.org.cn



PR B S5 PR DOR - FOK R G S Jm 15 QXU T

2018 £ 3 H

EDI;=(EXEpxFipxC,)/(W xTyx1 000) (4)

2 #REW®R

2.1 TEMEXFFHDESEEESMT

TR 2 AN EERT A A R 4
J& Cd.Pb.Cr.Zn Hg fl As ¥ & 4 5 A 3.1,
215.0.191.8.917.2.0.4 mg-kg™ 1 8.1 mg kg™, H:Ap +
#erf Cd \Pb .Cr 1 Zn -3 & S AUR KM IR
FREEE 5o (Cd.Pb.Cr Hl Zn (5 585 518 0.04
11.5.50.8 mg-kg™ F138.1 mg-kg™), W BH AR H T+
WA FTRARE) AR AE, FES AR R 5 R
100% .23.1% 7.7%#1 53.9% , Hrf Cd {5 L™ 5 ,
Br 5.1 /%, Heg Fl As P35 i BRI AT 1L AR 145805
Sofd (Hg 1 As I 5H{E43 54 0.03 mg-ke™ Fil 8.02
mg-kg™) AU IR F (HIEARIE T b ) —Shnife .

VR

HAT5Y

LREREEC

BRI Y

i I I
i L SYTTTEETe e panenneyeey 1
07 10 20 30 LEATT YRR

2 N FIEEIES RAREE

Figure 2 Metal pollution levels based on

the Nemero index method
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Table 1 Parameters of the target hazard quotient method
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Table 2 Concentrations of heavy metals in soil and maize

b wg  VVERI PRI R RS ke i PUERC FEEH

+4 Cd 1.1~10.6 3.1 0.60° 39 100 5.1 — —
Pb 45.1~843.3 215.0 350* 9 23.1 — — —
Cr 141.9~255.5 191.8 250* 3 7.7 — — —
Zn 134.7~3 748.4 917.2 300* 21 53.9 3.1 — —
Hg 0.003~0.9 0.4 1.0° — — — — —
As 6.2~11.7 8.1 25¢ — — — — —

BN Cd 0.02~1.5 0.7 0.05" 39 100 13.6 0.8~96.8 36.8
Pb 0.05~5.7 1.0 0.4" 24 61.5 4.9 0.03~11.8 1.5
Cr 0.1~2.8 1.5 1.0" 30 76.9 1.5 0.06~1.6 0.8
Zn 8.7~109.8 47.1 50.0" 18 46.2 — 0.7~42.6 15.0
Hg 0.004~0.02 0.01 0.02" — — — — —
As 0.04.~0.2 0.1 0.7" — — — — —
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Figure 3 Pollution levels of heavy metals in soils
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Table 3 Comprehensive pollution degree of heavy metals in soil
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BT ey

S cd Pb Cr Zn  HREUD
1 8.69 0.71 0.87 7.64 6.91 Gy
2 5.02 0.53 0.90 3.08 3.93 Gy
3 17.68 241 1.02 1249 1384  EJ¥
4 11.00 1.64 0.89 6.98 8.59 GilEs
5 3.15 0.31 0.79 111 242 rhF
6 2.12 0.15 0.83 0.64 1.64 R PE
7 2.40 0.23 0.77 1.03 1.87 R
8 6.28 1.19 0.71 3.57 491 Gilss
9 1.82 0.14 0.57 0.59 1.40 R
10 179 0.13 0.62 0.61 1.39 R PE
11 1.87 0.14 0.62 0.45 1.43 R
12 2.68 0.22 0.75 0.90 2.06 ESE
13 2.06 0.20 0.62 0.64 1.58 R
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