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Heavy Metal Pollution of Cultivated Soil in Eastern China

70U Mengmeng', ZHOU Weihong'?, ZHANG Jingjing', LIU Ying',
DU Xiaolong', LI Jianlong'*
(1.School of Life Sciences, Nanjing University, Nanjing 210093 ; 2.Suzhou Institute of Technology,
Jiangsu University of Science and Technology, Jiangsu Zhangjiagang 215600, China)

Abstract: With the rapid development of economy and society, heavy metal contamination of cultivated soil has
seriously influenced food security and human health. Based on the data of heavy metal in cultivated soil in eastern
China collected from documents, the degree of heavy metal pollution of cultivated land in eastern area was evaluated,
by means of semi-variogram analysis, Kriging interpolation, single factor pollution index, Nemerow comprehensive
pollution index, and geoaccumulation index. The conclusions showed as follows: the pollution of Pb was the most
serious one; the mean value of Hg was 2.8 times higher than background value of element Hg in Chinese soil. Almost
30% of eastern area was under the middle pollution level. The pollution of Cd was the second serious one, and results
of semi-variogram analysis indicated Cd was the most influenced by human activities. In addition, the mean value of
Cd was 2 times higher than the background value of Cd in Chinese soil. Over 50% of eastern area was under the firing
line of Cd pollution. Cultivated soil in Guangdong province may be the key region of heavy metal integrated pollution
because Nemerow comprehensive pollution index in Guangdong was the highest (0.854) and Kriging interpolation
revealed high value area of As, Cd, Hg, Pb distributed in Guangdong province.

Key words : heavy metal of soil; cultivated land; eastern China; spatial variation; evaluation of heavy metal pollution
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Table 1 Amount of collected cultivated soil heavy metal samples in eastern area.

IR Jent Kt i e IFS

Shandong  Jiangsu

;N WL Fe IR el St
Zhejiang  Fujian  Guangdong Hainan  Total

Metal ~ Beijing  Tianjin  Shanghai ~ Hebei
As 5 1 5 12 11
Cd 5 2 6 13 13
Cr 6 2 6 12 15
Hg 4 1 5 7 11
Pb 4 2 5 9 14
:E;tlj 24 8 27 53 64

16 15 6 8 5 84
17 20 18 14 6 114
17 16 5 12 6 97
15 9 16 9 5 82
17 14 18 15 5 103
82 74 63 58 27 480

1.2 WRF=*
121 st 7Ek FIrZREUE i F Xk
AR B R MR R 3 a2 R, f ik +

3987 a) S oM %) BE EE PR B, Matheron' ' % H GE
SCHBEALREL Z(X) G R[ Z(X+h) -Z(X) ] 5
ZE 12, AR N
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KW, P, AR RF 364, C, ARAZTEEMNR
B S, AAE T E RN AT AL A IR R IR PR
FAREYGCB15618-1995 + — B AFMEAEVEH S.(K 2),

i + imax
Pypp = |——F— (3)

X, P, HAEF AT EIGHK, p hEE—TF
W5 R AGHAG T, P, AR E— A E SRR G S
T4 KL,

MR PERT R B K o 1 3 6 e T e A
FER A R HIE (£ 3)

*®2 TERE_GEnE

Table 2 Secondary criteria of soil environment!™],

EiEay pH

Heavy metal <6.5 6.5~7.5 >7.5
As< 40 30 25
Crs 150 200 250
cd< 0.30 0.30 0.60
He< 0.30 0.50 1.0
Ph< 250 300 350

®3 ITEEEEFSESRINE
Table 3  Criteria for classification of soil heavy

metal pollution.

2l P TR

VR

Degree Evaluation index Pollution level
1 P, <0.7 Fi59% No pollution
AN
il 0.7< P.... <1.0 FeRETI
o Mild pollution
iy Yu
I 1.0< P, <2.0 SR
Ga Moderate pollution
i Y
v 2.0< Py <3.0 EREETR
G584 Intensive pollution
S v Y
v 3.0< P, <4.0 Akt

Serious pollution

QHb ZFFE B, M B BHE E0E 1 Muller' ™
T 1969 4 FEH FUIRYhE 4R Y e
FERITEAN . TR,
Ci

[gco = LOgZ TB[

Kb, C AT BAE i WEMRE, B, HiFhEL
Sy A A B AR, A SRR B AR,
o BRIEEI N T AEH(FR L),

1.3 HiEAbE

% Microsoft excel 2013 £ SPSS 20.0 X}
GRS AR HAT RS, T K-S K5 £ s 2
B IEZS M0 5 F GS+10.0 287 22 R BT,
A idi 2 J5 2R KA G S8 AreGIS 10.2 3
1758 AR 307, 3R15 6 R & A (B oA K]

2 HRE5HM

21 KHTREEREAE

R IEE SRS EGITEIR (£ 5) iR,
As.Cd, Cr, Hg J Pb V3% & 43 5| o 9. 257
mg/kg 0.196 mg/kg 57.956 mg/kg.0.181 mg/kg
F135.655 mg/kg, Herf Cd  Hg Fl Ph 2% g ™
H, B0 b SE R 2 A5 2.8 A5
1.4 1%,

75 5 28 coefficient of variation, CV) AARIE
22 S HMERI LA, w] LLHIR AR L i B R L
FEAAS [A) 2 2R A 50, %2 B Zhang 45700 Xt 48 5
AHH T, CV<0.1 B 55485+ ,0.1<CV<0.9 fif
S ERERE AR S CV>0.90F  m R AR S
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Table 4  Criteria for classification of geoaccumulation index for heavy metal.

2l i RBURHL L, 15 YR

Degree Geoaccumulation index Pollution degree
I <0 o154 No pollution
Il 0<l,, <1 Tei5 Y FH FE 5 Y% No pollution to moderate pollution
I I<r,, <2 M BEV5 4% Moderate pollution
I\ 2<l,, <3 FR R 5 YL B9 75 % Moderate pollution to intensity pollution
Vv 3<l,,, <4 BRIEI5 YL Intensive pollution
VI a<l,, <5 TS YL B4 95 4 Intensive pollution to extreme pollution
Vi 5<I, W54 Extreme pollution

SRR, 5 FhICRAEARTRA H 35341 Y oy vh 45
AR S {H Hg Y78 5 R A X 0.873, #5208 &
FREEAR S UiBH He 43 AN 5) A N2 Bl
AR E

g R R R 3R 285 43 A i S AE Y (B AL e s 1
FARRIEEC, i B 2 8 T H 5508 43 A0 1 Dt A4 ) LR
R V1A, A P R A1 0 00T 2 R W B 34 20 1Y
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A Cr 9 B RN BE 230 0, K-S K45 SR 3R 1
Cr BHRST A 1IEA0 TR, As .Cd  Hg F1 Pb $¥E ik
MAFECEZS A3

22 RHTESEESENZTEITREFE
Pl (C, ) FRBENLHR 4317 23 18] S5 BT 1, 8

BTN R SR 25 RN T S0 ORE RUBE 5 i 1Y) 22

BRI CoRIZER /N 5 A AT 2

M FERURE RUEE I BT YRR S AR o A i 2
RSN ETERE, mE6 ik, s
HEEBITR MW EEE /N, 1E 0.045 ~0.274
Z[E],

FAMHE(SI Co+C) R RGN AR S H
HEKEHRGEN DA TR, H%6 %, Hg
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25% ,Fon ik ZUA 25 (8] AH DG 5 25% < B 3 T <
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Table 5 The statistical description of heavy metal content in cultivated soil.

T RME RKME - 55
WH (mg/kg) (me/ke) (me/ke)  WREE O fE S i
Item Mean Minimum Maximum  Kurtosis  Skewness E v Background
(mg/kg) (mg/kg)  (mg/kg) ’ value
XHEIEZS Lognormal
As 9.257+4.441 2.26 27.09 5210  1.731  0.480 (P=0.056) 11.2
YHEUEZS Lognormal
Cd 0.1960.131 0.012 0.92 10.849 2,675  0.668 (P=0.079) 0.097
j;t\/ . . .
Cr  57.956+18.920 7.17 92.50 0134 0417 0326 ‘-7 Normal distribution
(P=0.924)
YELIEA Lognormal
Hg  0.181£0.158 0.03 0.732 2.805 1.661  0.873 (P=0.303) 0.065
Pb  35.655+18.035 6.74 92.36 0.303 0.998 0.506 ATBIEZS Lognormal 2%

(P=0.158)
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Table 6 Theoretical model and corresponding parameters of semivariogram of cultivated soil heavy metal.
E| A Yl RAHE Bkt 7 H% (km) PE BB §2E
Ttem Model Nugget C, Sill C,+C C,/Cy+C Range (km) R? RSS
As #6841 Exponential 0.094 0.217 43.3% 5.790 0.392 0.016
Cd BIE Spherical 0.045 0.444 10.4% 2.400 0.355 0.123
Cr $8 %X Exponential 0.023 0.175 13.1% 2.940 0.485 0.003
Hg 5T Gaussian 0.274 1.059 25.9% 15.590 0.862 0.104
Pb $8%X Exponential 0.152 0.446 34.1% 35.640 0.632 0.025

KA SR R, As Hg & Pb I HREE LA T
25% ~T75% , %5 (6] HAHCRR B rp 4 SRITH B i &2
B2 NG S A2y e V5 K HEREAE R

AR PRI A (] F ARG L, AR BB Y iR
BT AT ) F AR LR, R 6 WAL AR AR

As(mg/kg)
3 P 7 High: 15.33
g {& Low: 2.90

Cr(mg/kg)

Pb>Hg>As>Cr>Cd, W Pb (1975 [0] 43 41 2 — P i
58, Cd Y75 [ i L B AR 278
23 RETEEERSHE=ESH

i WA A (B AT DA SR 00 b 52 B 4w T R 1Y
23 10] 3 AR A O S PP 4 8 I S [E] 40 A (Bl L) T

Cd(mg/kg)
P 5 High: 0.43
& Low: 0.05

Hg(mg/kg) Pb(mg/kg)

P ¥ High: 82.65 P» i High: 3.77 P i High: 70.86
& Low: 27.75 1% Low: 0.04 & Low: 19.21
0 250 500 km 2, 250 500 km 0 250 500 km
W 4 L1 L1
E1 KHLESELENZTENH

Fig.1 Spatial distribution of heavy metal concentration in cultivated soil.
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Table 7  Evaluation of Nemer comprehensive pollution index.

HIX IR K de WL

Region Guangdong Tianjin  Hebel

Zhejiang Jiangsu Shanghai Fujian

LA N ot (5 S 5 2 [ AR e

Beijing Shandong Hainan

WIEB LR G T YAR B

Nemer conprehensive 0.854 0.755 0.579  0.543

pollution index

0.521 0.499  0.460  0.429 0.331 0.296

242 HWERIEH WTWCE R ESE T b B2
FREOTE, S5 R0 7, XA SR Frol i,
As Cr JTCE X AR A4 B 4805 e 5Tk 5/, 435
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10% DX 38 H RS V5 By 21 5 B 15 YLk F- i 30% [X
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X5k 23.4% . Pb JTLERIE 3% XA B h EE 5
Yy, 329 XN ToTE Y B BTG YRS

255 L BBE BORE AR 43 A LU ] AR
XA FH 38 He V5 YL dp ™ &, HORJE Cd, Ph MR
JEI5 YLK, As Bl Cr {5 9L ied%
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Table 8 Class distribution of geoaccumulation index for heavy metal.

I Soil quality As cd Cr Hg Pb

Jei5 4% No pollution 96.4% 32.6% 97.9% 38.3% 65.1%
Ve YL 3| i S Yy

ASREIEER 3.6% 56.1% 2.1% 23.4% 32.0%

No pollution to moderate pollution
H1EE Y5 G Moderate pollution 0% 9.6% 0% 28.4% 2.9%

15y YL B IR R S YL

LTS BN R 0% 1.7% 0% 9.9% 0%

Moderate pollution to intensity pollution

3 itig

Fe FE AR XN R4 Sl il 220, A< TH - 398 i i

SN SRy R 1 A i1 b Y M 7 EP ST
SCHR, S LGS A GIS FBis N E P 42
15 Y BOR L BRE BOT M ik AT AT, 4

FETRE A b X A H + 3 Hg . Cd fil Pb B
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