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Spatial Variation of Heavy Metals Contamination in the Soil and Vegetables of

Huludao City

ZHENG Na, WANG Qi-chao, LIU Jing-shuang, WANG Yang, ZHANG Zhong-sheng
(Key Laboratory of Wetland Ecology and Environment, Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences,
Changchun 130012, China)

Abstract: Hg; Pb, Cd> Zn, and Cu concentrations in the soil, vegetables and crop of Huludao city were investigated. The Hgs Pb, Cds Zn,
and Cu concentrations in soils of the smelting areas are 1.422, 443.1, 60.94, 4084, and 247.8 mg*kg™', thus 6.092, 3195, 341.7,
35157, and 1557 mg*kg™" for the maximal concentrations, respectively. Spatial distribution maps of heavy metals concentrations in top soils
in Huludao City were separately laid out by using Kriging. Heavy metals spatial distribution patterns in soils show that Pb, Cd> Zn, Cu
emissions from Huludao Zinc Plant are the main pollution sources of heavy metals to the top soils in Huludao City, but Hg emission from
Huludao Zine Plant and chlor-alkali industry is the main pollution source of mercury to the top soils. Heavy metals concentrations in top soils
decrease exponentially with distance from the zinc smelting area. Except Hgs the exponential equation could be better to fit the variety for other
heavy metals. Heavy metals in vegetable and crop cultivated around Huludao Zinc Plant are higher than from markets, suggests that heavy
metals affect the local soil and crops seriously.

Key words: soil; crop; heavy metal; zinc smelting; spatial distribution

FIEE G E VG R TS R A AT RE, SRHIA IR A ), 1998 A FAE T ik B A i e TG

(7] N5 e e 3 3o 0 A 336 A SRR ) T 3k
NN, 500 DA S5 o, B i 2 A R0 N4 e
PRl 38 B < v G OB % B I Y AR O
AN PR OERTE R 2 SR E R, E
HESEm e R R RIS, R (R 4
DL FE < G G M L R P A R
SRR VIR 2, (HR IR H07 REFl R 16 Pk
DX - S8 < e 2 W) AR A U, PR G, i
WFE 1458 T < i v A on AR 2 AR G I 5 i U A G B
> ENE— KBE) ——W 5 By B ) AR B T
kX, 2K, L e R v YR H S L  H
S R AR B AE L, 3 B ORI R S
B B G 1 E G Y T S T AR G A T

34 ORI s R AR A LR R
SRYST, I TS0 224 1 A R MY B R L R < 1
LU, i e 1B MR- EU b 3 5 RAED AE S RS
(RIS, LUII A < s DX 0 52 4 v e s ) A )
LR

1 MRS AE%
1.1 FEACREE

%5 B #3: 2008-08-26; 1&1T B #A: 2008-12-08

EETH: Ex AR H 540 H (40803021); R B i
bl I R R VA O T IS A T I i S T S I I
(08B3061); 1 [F A} 27 [ 4 b Hh 1 55 A M 2B 25 WF 5% BT 75 4F
T4 FE 410 H (08H2101)

TEB TN 1978 ~ ), %, 1 LHFF A, BhBERF ST 01, & SR 7
) Ay 95 YR BEAT Sy B Je4% 3, E-mail: zhengnalzz@ neigae..

ac.cn



2072 7N 53

B o 30 &

DA 7 83 T 1R 328 Ll DXL s DXk 3, AR 7
T AR H SR 75 Gl oA Tl Je <8 i A5 HAR 4%
P, DUBRIE M-SR A = 52 5 X O 0 AT A R,
WHE 76 MRAE AUCE 1D A AT AN R, 56 ik
T, LA Sy JoAE B, ZERE s 4 AN 5 4R
0~ 10 em 3 J2 T + 38, TR A 3950, FE MU RFE
WIpidsk, T 2006 F 10 H IR TR 113 4.
TEEE) 8 B IR SR R SR ) B, SR B A 0 e i P A
6 Flgi = 2 PR B FE 200 AN 1D, 75 RE R
ATV U, 2R AR e 1, feAl 25 b )
SEAR SN E JE KT i 2 SE R A, AN 00 AR
1,3 1.0 mm BRER #4870 RIEY) & 8T
GURBLIEAT R EL, M4 7 7 By 1 oK b B R S 1T 4 43
A, [ SR AR P B B R 5 R B 189 AN, SR
BLITVER L

E1 #HESTLEREN=ESH

Distribution of soil sampling sites in Huludao City
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Table 1 Heavy metal concentrations in the soils of Huludao City/mg*kg~

1

e A RRA bRt % NI /M i 1% WL SED TG RIREL
Hg 1.422 0.5358 1.608 6.092 0.090 1.338 0.037 2.93
Pb 4431 99.82 747 .2 3195 28.75 2.387 21.6 2.77
Cd 60.94 10.01 106.4 341.7 0.441 1 1.899 0.108 85.7
Zn 4084 690.7 8574 35157 110.0 2.749 63.5 11.9
Cu 247.8 60.03 415.4 1557 27.37 2.275 19.8 2.43
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Table 2 Comparison of heavy metal concentrations in the soils from different areas/mg*kg~

1

b Hg Pb Cd Zn Cu SCHR
BT 1.479 521.5 72.81 4703 270.1 AT
TRE 0.140 30.35 0.176 32.00 L10]
WX 1268 9.4 1591 153.9 [11]
BigAL i 9000 43 11 000 120 [12]
Royal Horticultural Society”s Garden 744.5 4.2 173 ~ 651 237.0 [13]
Varanasi, India 19.51 2.8 92.57 42.03 [14]
*3 WERBR.BXTEAMSPESESE(MFE)
Table 3 Heavy metal concentrations in the crops and vegetables from markets and farms of Huludao City (FW)
TR B3 Hb R BR SR
EAS Hg Ph Cd Zn Cu Hg Pb Cd Zn Cu
/pgokg™! /pgekg™! /pgokg™! /mg*kg™! /mgkg ™! /pgokg™! Jpgokg™! /pgekg™! /mg*kg™! /mg*kg™!
A 0.079 4.147 4.685 3.45 0.98 2.002 481.0 115.0 8.310 1.165
|57 0.142 527.6 164.3 6.02 1.07 9.001 2798 2852 33.15 1.176
EPd 0.722 33.75 178.9 4.47 0.41 4.002 2486 1032 26.08 0.738
B 0.150 8.349 54.69 3.50 1.65 4.112 1601 960 16.72 0.992
7 41 Aili 0.232 16.63 35.70 2.12 0.97 2.003 293.0 108.0 4.812 0.726
B b 0.895 4.121 147.9 4.26 0.62 3.000 1136 871.0 10.58 1.346
SEME 0.37 99.09 97.69 3.97 0.95 4.02 1465 989.7 16.6 1.023
NG 1.296 63.89 17.97 32.29 8.78 5.907 1694 407.0 44.70 2.761
ESP/S 1.226 177.4 21.28 2.90 2.12 8.801 388.0 217.1 57.51 13.82
T 1.261 120.6 19.62 17.59 5.45 7.354 1041 312.05  51.10 8.290
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Fig.2  Distribution of mercury contents in the soil of Huludao City
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Fig.3  Distribution of heavy metal contents in the surface soil of Huludao City
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Fig.4 Distribution of heavy metals in the soil with different distances to Huludao Zinc Plant
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Table 4  Correlation analysis between heavy metals in the soils

FEFE BSEE] 2 000 mZ P> 1238 1] Pby Cd+ Zn+ Cu #B Hg b G n tu
KW S A, 2 000 mEAZM) Py Cd- Zn Cu 95 e 1] He ! -0 0.9 0.3 0.30
\ . . s Pb 1 0.718" 0.697" 0.616"
IR/ S He WE H I BEESEE) 5000 m o X ool o085
DA A K A . N o530
2.4 HEJETT RN SR Cu 1
TR T I PR ) 1 7 B SRR BRI RS D 75 p< 0.01
P
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Table 5 Estimated exponential equation of heavy metals in the soil of Huludao City
JFED T2
TaJE SN
y = ax’ R* y = aexpl bl R? o
Hg y=3.5097 501116 0.018 1 y =2.287 expl - 0.000 14 x ] 0.092 1 37
Pb y =11632 504024 0.2299 y =1945 expl -0.00055 x] 0.4729 37
cd y =2937 5 04831 0.3403 y =305.8 expl - 0.00064 x] 0.5536 37
Zn y =108 850 x 04016 0.1749 y =199 3lexpl - 0.00057 «] 0.346 7 37
Cu y =8358 x~0H59 0.2456 y =1100 expl —0.00063 x] 0.4249 37
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