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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. [ Result ] 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 metal 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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Table 1 Grading of Geo-accumulation index (/) and contamination degree
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Table 2 Relationships between soil heavy metals and various factors

[ -¥ Factors Pb Hg Cu Cr Cd As

+ AL Soil organic matter -0.21" 0.62" -0.34" -0.11" -0.43" -0.09"

pH 0.23" -0.57" 0.24™ -0.12" 0.59" 0.09"

ALHEAH I Fertilization application rate 0.29" —0.25" 027" 0.13™ 0.22" -0.03

A2 fdi i Pesticide application rate 0.29" —0.25™ 027" 0.13" 0.22" -0.03
[ Py 4 7= S GDP 0.23" 0.16™ -0.16" -0.07 -0.12" -0.18"
A4 Population density 0.23" 0.17" -0.16" -0.07 -0.117 -0.18"

5B %ER Distance from road -0.17" 0.08" -0.11" -0.07 -0.07" 0.03
TolvEFA{H Industrial output 0.29" -0.25" -0.10" -0.35" 0.48" -0.07"

. **3KIR P<0.01, *37R P<0.05,

O 8 Rl A b BRI A% P R A, A I
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Note: ** indicates P<0.01,

* indicates P<0.05.
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Fig. 3 Spatial distribution characteristics of heavy metal concentrations in the surface soil of the study area
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Table 3 Explanatory power (q value) of the studied factors for the six soil heavy metals

[ Factors As Cr Hg cd Cu Pb
+ A ML 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**

1582 A Soil type 0.04 0.03 0.34%* 0.34%* 0.05* 0.03
ALJEAL FfI 5 Fertilization application rate 0.27%* 0.40%* 0.43%* 0.44%* 0.26%* 0.17%*
A 25 i il & Pesticide application rate 0.27%%* 0.27%%* 0.43%%* 0.42%%* 0.23%%* 0.17%*
[ A7 Bl GDP 0.07%* 0.02 0.05%* 0.03%* 0.07%* 0.08**
N2 Population density 0.05%* 0.03 0.05%* 0.03%* 0.08%* 0.08°%*
LR Distance from road 0.00 0.02 0.01 0.01 0.02 0.03%*
Tl E7={H Industrial output 0.10%* 0.38%* 0.30%* 0.35%* 0.23%%* 0.13%*

. **FRIR P<0.01, *3I/R P<0.05. Note: ** indicates P<0.01, * indicates P<0.05.
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Fig. 5 Spatial distribution of Hg and Cd concentrations in the subsurface soil
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UL Tl HE SR E R A T P A2k
Vi o ATt IS R B Tl & 8 . 4k 2xiE
B LA R 3Gl TG %t - Pb (75 )R SRR T8
K, X5 CEBFFESE 2L, Ni Al Ma PO R AR
kgl A el R RBE T P B A AT BN A
e, UL A R 2 S BRI P 1 B, A
5 0 DR 7 1 00 28 5t S50 7% 32 DX AR 355 % i) - 49
Pb =5[] 505 o BRI, 550U s B2 TS
XAl . TalkiEsh . 386 sh UL At 2576 s
L [RF0m

3 45 i

5T X A H 36 2 - 498 5 4 I 2 R R [R) A 3 1
ZRGE, L2+ Hg, Cd. Cu. As, Pb il Cr
BH 79.79%. 71.28%. 64.89%. 57.98%. 57.45%
F145.21%0 S s TR )2 L3, FLRBUR 4 h
EEIFMNUT A : Hg> Cd> Cu> As> Pb> Cr, £JZ
+4Erh Cu. Cd F1 Hg il ( -4 3R5E - F b
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3 YRS R ) (GB 15618-2018 ) Hr AU
A 1 LRI 2.13% . 1.06%F1 0.53%, As.
Cr Fl Pb Jo S B IR . b BRAE B0 Y vF A
G5 FRW] Cd 5 Hg 15 YL U 4 )8 ™ &, Cd
Fl Hg 24 12.83%1 21.28%AYFE Sk Ti5 iR 74,
I As. Cu., Pb fil Cr %4 12.23%. 11.17%. 9.63%
F4.79% M RE SAE F5 YR A . B30 5B B
A 25 FAR AR A4 8 B DL K Tl S = (X S - e o
408 )78 () 43 S AR I AR, Hofh PP e A R
FARE AR S E oy . BHORIE TR
+3Ed As Fl Cr BERTE AL TEFI TR ; Cd A
Hg MRIERR T 224016 2 A Tk 6 sl s ma 5, 44
RO B SR BE T, MRXHNEE R
B A RN Tl A 7 1 B S S B T Cu () B
+- 8 Po (R IR AR S ) A7 BRI GE X AR I B
Tl i% 5 . 22 1% sh At S IE s AL ERE . B2,
WFFE X 4 e 4 i SR AR RBUE S, (HRREEAR
[F, A (RSB TGS ) &S 85
XN EE SR R EEREK, R X NNEE
At 25 PR 28 450t 4 48 v K F 4 T BB AN 5 o DU T
B — 2 T 5 ST .
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