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Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
Abstract: [Objective] Zhangjiagang City, located at the Yangtze River Delta, China, has experienced
rapid economic development since the unfolding of the reform and opening up policy, and
consequently the economic development has brought about a series of environmental problems that
have aroused concerns among the society in recent years. For the purpose of scientifically managing
soil resources and providing to decision-making support in the effort to control the heavy metal
pollution problems from the source and to remedy contaminated farmland soils, this study was carried
out to explore how heavy metals accumulate and to identify sources of the heavy metal pollutions in
this city. [Method] Totally, a total of 188 sampling sites were set up for collection of samples of
surface and subsurface soils in the study area, in the light of soil types, land uses, sampling
homogeneity, and surrounding contamination conditions. Totals of the six elements, i.e. Cd, Hg, As, Pb.
Cr, and Cu, soil pH, and soil organic matter in the samples were measured. Sources and driving factors
of the heavy metal pollution in the soil were analyzed and identified with the aid of principal
component analysis (PCA) and GeoDetector. [ Results ] Results show that: (1) In terms of
accumulation degree, the six heavy metals follow a descending order: Hg > Cd > Cu > As > Pb > Cr; (2)
With reference to the “Soil Environmental Quality Risk Control Standard for Soil Contamination of
Agricultural Land (GB 15618-2018)”, about 2.13%, 1.06% and 0.53%, respectively, of the farmland
soils polluted with Cu, Cd and Hg had the elements exceed the criteria, while almost none of the
farmland soils polluted with As, Pb, and Cr do. Pollution assessment with the Geo-accumulation index
method shows that among the six heavy metals pollutants, Cd and Hg were the two major ones and
detected in 12.83% and 21.28% of the sampling sites, respectively; (3) Performance of the GeoDetector
shows that among all the nine factors (pH, soil organic matter, soil type, fertilization application rate,
pesticide application rate, population density, GDP, distance from road, and industrial output) discussed
in this study, fertilization and pesticide application rates as well as industrial output were the main
factors contributing to spatial variation of the six pollutants, while population density, GDP and
distance from road were the ones explaining spatial variation of Pb; and (4) As and Cr came mainly
from agricultural and industrial activities, Cd and Hg came from soil parent materials in addition to
agricultural and industrial activities, Cu in the surface soil came from agriculture, livestock breeding,
and industrial activities, while Pb came mainly from agricultural, transportation and industrial activities.
[ Conclusion] In summary, the six heavy metals in the study area vary in accumulation characteristics.
Agricultural and industrial activities are the major causes leading heavy metals pollution of the soil.
Nevertheless, further researches should be carried out to figure out influences of social and
transportation activities on accumulation of some certain heavy metals, such as Pb.

Key words: Heavy metals; Pollution sources; GeoDetector; Index of geo-accumulation; Zhangjiagang
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Fig. 1 Spatial distribution of sampling sites and soil types in study area
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Table 1 Grading of Geo-accumulation index (/go) and contamination degree

R BRI %

<0 0~1 1~2 2~3 3~4 4~5 >5
Grade of Igeo
R L, RE-pE & SR Ry RTE T E
REE S . . - , s .
Contamination degree 5 4 154 RS S RS 154
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Table 2 Relationships between soil heavy metals and various factors

Kl ¥ Factors Pb Hg Cu Cr Cd As
L+ HEHHF Soil organic matter -0.21™ 0.62™ -0.34™  -0.11™ -0.43™ -0.09"
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pH 023  -0.57" 024"  -0.12"*  0.59* 0.09*

fEAEAE & Fertilization application rate ~ 0.29™ -0.25™ 0.27" 0.13" 0.22" -0.03
2l & Pesticide application rate 0.29" -0.25™ 0.27" 0.13" 0.22" -0.03
= 9 477 Sl GDP 0.23* 0.16"  -0.16" -0.07 -0.12"  -0.18*
ANE%E Population density 0.23" 0.17* -0.16™ -0.07 -0.11™ -0.18™

5 ##E 5 Distance from road -0.17* 0.08" -0.11* -0.07 -0.07" 0.03
Tl =14 Industrial output 029"  -025"  -0.10"  -0.35  0.48" -0.07"

VE: *EIR P<0.01, *%Fsx P<0.05. Note: ** indicates P<0.01, * indicates P<0.05.

NAET B s A BRI &8 T i) 70 B, A PR 5 AE AR FRIN #4823 [R) 73 9E 0 1 kmx 1
kmo 3% pH MU BB R R 30 R B E VAT 4 AR AE A X 0 A AR XA &
BUAR 2 AN A FH B AR 2 BB T AR o5 T 78 X B b i T AR e ) 5 S M AT 3 55 Py
PR £ IE 200 A AT SR AT B AL AR B
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HR S AR S

240 100
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2 . / g
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H ] E
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] . 5
g . . Cor ] 2
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40 | P ]

= . . . -

LI £ :
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Pb Cr Cu As cd Hg

K2 AaXEE (0~20cm). ERZE (20~40 cm) HEELHEE &
Fig. 2 Heavy metal concentrations in the surface (0~20 cm) and subsurface (20~40 cm) soil of the study area
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P 3 B FEIX 32 39 B < % B 10 2 ) 43 AT ARFALE
Fig. 3 Spatial distribution characteristics of heavy metal concentrations in the surface soil of the study area
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5 (CEHA R -A 395 G S B AR e ) (GB 15618-2018) g XU i 6 ELAH
tb, Cu. Cd HI Hg il MU 2 (5 ) ELBIK N 2.13%. 1.06%H1 0.53%, As. Cr fl Pb &
s LRI AR . P R AR EOE R 7T XA 39 < Vs e AT A (& 4). Cd AN
Hg Hi5 YRR, Cd A 3.21% MK AL TP TS BeRES, 8.56% ) i Ak T2 - B2
QeRZS s Hg A 20.86% IR i Ak T2 B -H 5 GUIRAS - As. Cu Pb AT Cr 9547 12.23%111.17%.
9.63%AM1 4.79%HIME AL T HLRAS . 7 b, WRITDOR B 4358 5 G i e st SRR EOF
g8 A 2 R NTKIKCA: Cd> Hg> As> Cu> Pb> Cr.

LB BT BUE H, SF X RE LR M E R S ER R E /T IEREZ, RYIX N
TCRAERZ LR AAAE RIS, ERPLEY B AR . Hg M Cd RBEE &, Cu. As.
Pb X2, Crix5. MEBIRELFIr 4 RS RSB BN —B 7R Cd M He {5 49RO
FoA DUFP R 48 ™ H, Hg V5 mihifk Cd £, Cd V5 3RiiE: Hg M #E: 1fj As. Cu. Pb fl
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Fig. 4 Assessment of Geo-accumulation index (/geo) of heavy metals

http://pedologica.issas.ac.cn



+ % 2R
Acta Pedologica Sinica

24 HIRECRFMWEFHMN

PRI MR ] (3R 3D, AAEAIAR 245 (KA A DA b s P 6 /N i B < 22 8] 7
BIERRIIERE 7, R NFEE SRR 5T X 15 5 8 & B (52 B 2 o FLAR R 0 L g
SRR AT, W1 GDP. N LV S IE B ER B XS P (AR Sk, Uitk &
NN S G B0k e rh P A3 (038 7 fEmi R, 25 NSRRI FUITE BRI R
GR IR B K, I GDP 0 [ 42 )& Pb 25 [ 73 5o UbAh, AR VoAl 2o 0 B
S S M R S A N, 0 pH L HSEA LSO 3SR He A1 Cd 25 18] 7y S (KA 7
I
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Table 3 Explanatory power (q value) of the studied factors for the six soil heavy metals

[Kl¥ Factors As Cr Hg Cd Cu Pb
T+ A HUR Soil organic matter 0.06** 0.07** 0.40%* 0.24 % 0.17%* 0.07**
pH 0.12%%* 0.03 0.40%* 0.38%** 0.07%* 0.07**

KT Soil type 0.04 0.03  0.34%  034%%  0.05% 0.03

WHEfE & Fertilization application rate  0.27** 0.40%* 0.43%%* 0.44%%* 0.26%* 0.17**
A 24 1ifi Fil & Pesticide application rate 0.27%%  0.27%F  0.43%F  042%*  0.23%%  0.17%*

WA SEH GDP 0.07+* 0.02 0.05%*  0.03%*  0.07**  0.08%*

A E# % Population density 0.05%* 0.03 0.05%*  0.03%*  0.08%*  (.08%*
5888 2 Distance from road 0.00 0.02 0.01 0.01 0.02 0.03%*
Tk Industrial output 0.10%*  0.38%F  030%*  035%%  (23%F  (.]13%*

F: *¥FRIR P<0.01, *F/~ P<<0.05. Note: ** indicates P<0.01, * indicates P<0.05.
25 TEESRKIE

F R BT PR DA a3 1) R AT 22 R T ZE 1 77.63%, FEAS b RES AR R IR UG A A
HA 55— A 5 ZE TTRREEN 22.58%, 55— = RIDU 3 43 i 5 ZE TR 43 3 20.49%
17.45%H1 17.10%.  [8]—> 3= 43 T BA 8 e PR - 8 A 11 2 46 & LA AH 3] AR SRR

As Ml Cr 755 —E 0 N BABGE M 780, Hmh 0.75 F1 0.85. PAHRl 25 R
BRI T X N IRMEIE S LR As T Cr 7 18] 4 e BA BRI, S5 G i giit4f
TR, BHAIXAE 21 AW RABERRAG SIS 5, B O X g
As Fl Cr FEZRIFE T RE S H A A IE 5K 25 oAb, PR 2RIN 45 SR SR Tbis 3t
SEUm -3 As A Cr (925 18] 9957« MatschullatBO8 H YA M« PRI K Aol P45 Bl 24 2 gk
AT R EERE, Cai PR HTHL SRR, . BN TR R
A LS S R SR AR SRR Tl A P A R AR R TR Cr 23 AT I 1 7 20
NI, XEAEETER R TR E SRR S RN K ERES Cr SRS,
Luo ZEBYR I Cr J@id1b A4 g2t N AR I ELN 20.1%, X33 IR A0 iE 3 5 Tk
BT As 5 Cr MR Kb, H—F R As fl Cr FIRIE AR MLIEFN Tl

B ERr S He M1 Cd BB m A O, TR 7 34m7 20 38 0.86 F1-0.68 . PR 744 45
SR I LML IE BT LR Hg A Cd 78 8] 40 s oK, 456 SC g S 7t IX A
AEBR ARSI S 5, XURIES & % d Hg 1 Cd IR Hkr]
D, LERHFEIX A AR AR 24 R0 A IR FH B R [RI B, 25 RO TR it FRe s 4 it A 5 it 2 e R
AT EE L XF HERAE I B2 X P 25 B Tk P P05 1358 Heg A Cd 125 18] 73 AR AIE
30 RIL, Tl =8 e i X 338 He F1 Cd & &R, Btk n] L35k Hg #1 Cd
FISRIEIE 58X A B DAL sh A% X5 Luo ZEBYERT T b & BLR ST AL 22 BE R
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Cu 7ESE =R FEATRE, N 0.95. MEFIRMATKRE, AWM TAVIE 36
3 Cu 78] 7 A IR EUK 12 G TR P SR, BFE IXAR BB 2 BRI BN UK,
T iZ 3 Cu & TR Al X s, BRIy 3 h Cu BRI S BT 7T X AOIE 30A %
Luo SEPHS v [E] A¢ FH -4398 25 e s A\t Pt 7 b A BRAOIARN. (B 8 DT, 2R b
FAGAED FRAPTRE T Cu 85843 il AR H E 358 Cu S N 79.28% 11 18.30%, X 1B
g Cu E RIS SN, TGS AL € 5N, X5 A 725 R
— 3o BEAMERFERL AR I A BT FE X rh AR h A — LR, FRIHIE SIS B SR )
A AR A 5 X b 3% Cu BRI R N 2 — o IX PRI 58 = 2 i d0 e 8 SO ROl A kg
Zif L35 Cu BRI

IR 5 L3 Po MISCHERL R, T84 0.98. Ni M1 MalPSIZER T R K<t
B2 Pb BN L3 R85, AEWIEERIRT Chen S YOIENTF 48 A IBIG it bl 1 18
Pi55 LT Po (R XU DA HERC S IR R 2 3 Po R ZORJE. AW
PR R s A TGS ARl B LRSS @S St 3 Pb 1S AR AR UK, X
5 3CHRIE TS5 1R S MBL. Ni Al Ma POIR U ROk A 7 v (T RUIE R P (18 AT SN )
#ad, BHLALRAE I th o S ECEEF Po (9 88, AW TR A R 45 R AR 7Rz X AR
IR 13 Po (28] 70 e AL, SRDY R EESZ B AT X ARMLIE S . T3],
SZIBIE B LA R AL G S R IE R

5 BV RED He 5 Cd & &IA 5 Ai

Fig. 5 Spatial distribution of Hg and Cd concentrations in the subsurface soil
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