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Fig.1 The geographical location of the study area and the
distribution of sampling points
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Table 1 Descriptive statistics of heavy metals in cultivated soils
in the study area
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Cat 0 Mini Maxi A Background Variable
ategory cavy mimum aximmum Average value coefficient
metals
HEe R Cd 0.008 0.294 0.13 0.07 0.54
Heavy metal Pb 0.937 78.80 20.54 23.7 0.62
content
/(mg-kg'l) Hg 0.031 0.33 0.13 0.086 0.55
kT Cd 0.03 0.98 0.42 / 0.56
ik Pb 001 099 026 / 0.62
Pollution level
Hg 0.03 0.66 0.22 / 0.71
LA YK
Comprehensive 0.037 0.771 0.396 / 0.42
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Fig.2 Statistic of the Root Mean Square Error (RMSE) values of heavy metal elements in cultivated land based on inverse
distance weighted interpolation
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Fig.4 Different gradient characteristics of heavy metal pollution risk of cultivated soil in the study area
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Fig.5 Different gradient change characteristics of the cultivated land landscape pattern in the study area
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Table 2 Moran’s / test results of soil heavy metal pollution levels
in the study area

" = R

A Category CTd Iil P?) Comprehensive

g pollution level
BRI Moran’s I 0.598 0.519 0.662 0.518
P {f P value 0.000 0.000 0.000 0.000

2.4.2 BHLFAAEE AT LIEF AR T R GBI

ZH Geoda #ff, EHZSMAREEHRE, RHZH%
P[] 051 D5 95 AR ) X it B 4 S8 ¥ e LA S 3 B 1)
WA SRS S5 RWER 3 P, Bk L, bbb
(MPS) . SWBREE (PD) « 5EWIRE 44 (SHAPE.
FRAC) KPIHUEEEE (COHE) XfHiME & )8 441 Y
HRELW, B F A E S 85 Y 5 O R
FRIBEMEEM KR

FIT STAIE 70 26 WIAIE 7 X Ak 3t 56 42 8 V5 YK P A7 AE B 2
(8] AR ME . [RIk,  TEIE A5 2R 1 [m] VA5 7 &8 S Ak
b, ARSCRA A E EAAR (SLM A1 SEM) X {5 35 54
HE 1 E 4 5 G IR 5 RSO Js R R AT 0. IR 3
AIEH, BALRZETN LM B MEafdr: LM K585
TR R I, Hamid 1%5 E MR, 50 25 1A i
ZREA (SEMD LT A E A (SLMD o MR 4 7
FH, A (AR ZE A AR 5 g TR 2R 1 [R5 R ARk 3
TREKFE (P<0.01) , KB ESRE RAMUZ L
X5k 52 1 [R] 2% 1 55 3 o, [ IR O A2 304100 X 3k 4
SR R R IR . AR SEM AR Y 45 S m] 1,

P FORBESE (MPS) « SOWBFEE (PD) BAABE
BubtEE (COHE) SHMhE &R 4raTs e I UK,
AR IR E 2 S E SR IR BT R R IR G,

£3 ZFFSMEAER, LM R LM ISR
Table 3 Stepwise regression model, LM and robustness LM test results

Variables Cd Pb Hg pollution level

## Constant -0.088  -0.028 -0.013 -0.034

HEH S BEE AR MPS  -0.920%% -0.435%* -0.338%*  -0.562%*
SORBEE PD S2.793%% _3.476%* -3.593%% 3 357%*
TR Fa %L LSI 7.927%%  31.463  9.204%* 24.392
IIAUE AR IEH Shape  3.346%*  4.020%*  3.772%* 4.625%%*
IR 53 4% FRAC -17.96  9.946*%*  -9.197 10.276%*
KEHUELSE Y COHE-SION  -0.112  -1.565%*  0.24 -1.225%*
SRR AL 0.414%%  0.062  1.073** -0.372

R 0354 0347 0381 0.414
B ARAURAY Log-likelihood -9 081.95 -9 123.21 -8 920.33 -8 713.18
FitifE BB Akaike info criterion 18 175.9 182584 17852.7 174384
Jiti BLZRHEN Schwarz criterion 18 217.5 18300 17 894.3 17 480
B ARRR 7% Moran’s Terror  0.522 0443 0.5616 0.380
23 6] 5 Rk B H 9fe LM-Lag 6 337.62 4 509.55 7730.34 3 386.71
SMRELEBHRE 5 57506 546174 877772 400739

LM-Error
s (10 e

*‘“‘@Iﬂﬁfﬁﬁiw@ﬁ 11633  66.66  269.43 126.74
RAERIR LD ERE | 354 57 101884 131681 747.42

Robust LM-Error
W HFRIRIER 0.01 FIREEACFRE. Rl

Note: ** means passing the significance level test of 0.01. Same as below.
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Impacts of cultivated land landscape patterns on the risk of soil heavy
metal pollution in economically developed areas

Li Wuyan®, Zhu Congmou?, He Xueying®, Wang Hua*, Zhou Yidian®, Xu Baogen*
(1. Institute of Land and Urban Rural Development, Zhejiang University of Finance & Economics, Hangzhou,310018,China; 2. College of

Environmental & Resource Science, Zhejiang University, Hangzhou 310058; 3. School of Business Administration, Zhejiang University of
Finance and Economics, Hangzhou 310018; 4. Dongfang College, Zhejiang University of Finance & Economics, Jiaxing 31400, China)

Abstract: Landscape patterns indexes have widely been used to clarify the variation of landscape patterns under heavy metal
accumulation in various ecological processes. One of the most important landscape types, cultivated land is profoundly
disturbed by human activities in recent years, where the generation and evolution of heavy metal pollution are closely related
to the landscape pattern. However, it is still lacking understanding of the relationship between landscape patterns and soil
pollution in cultivated land. In this study, an attempt was made to explore the impact of landscape patterns on the risk of soil
heavy metal pollution in cultivated land, thereby ensuring national food and ecological security. Taking an economically
developed area in eastern China as an example, a Nemoro index model was employed to assess the level of soil heavy metal
(Cd, Pb, and Hg) pollution using 93 point sampling laboratory data. Then, the landscape pattern indexes were selected from
four aspects to evaluate the distribution of landscape patterns in cultivated land. Finally, the stepwise and spatial regression
models were used to determine the relationship between landscape patterns and heavy metal pollution. The results showed that:
1) The average range of indexes was between 0.22 and 0.42 in the study area, including three indexes of soil heavy metal
pollution, and Nemero comprehensive pollution index. The level of three heavy metal pollution was ranked in an order of
P.¢>Pp,>Py, , indicating a relatively low risk of pollution. Furthermore, the variation coefficients of the single-factor pollution
index were all greater than 0.5, indicating that the heavy metal pollution of farmland soil was significantly affected by external
interference. 2) There was an obvious spatial differentiation on the comprehensive degree of heavy metal pollution in the
cultivated land. The areas with higher pollution risks presented a clustering spatial distribution, where mainly concentrated in
the southwestern and northern parts of the study area, as well as the surrounding areas of urban centers. The areas with lower
pollution risks are mainly distributed in the northwestern basin. 3) There was a fluctuating downward for the level of cultivated
land heavy metal pollution in the spatial gradient, especially in the urban-rural and road gradient. Meanwhile, the landscape
pattern indexes in the cultivated land showed a trend of increasing first, and then decreasing in the urban-rural gradient,
whereas, gradually downward trends in the river and road gradients. Correspondingly, cultivated land landscape patterns were
found to be highly correlated with soil heavy metal pollution in spatial gradient. 4) There was a significant spatial
autocorrelation in the heavy metal pollution, where landscape patterns profoundly affected both in local and adjacent areas.
Specifically, the patch size, fragmentation, and landscape shape indexes were negatively correlated with three types of soil
heavy metal pollution, whereas, there was a positive correlation between landscape aggregation and heavy metal pollution in
the cultivated land. Anyway, this research can greatly contribute to determining the relationship between cultivated land
landscape patterns and soil heavy metal pollution. The finding can provide insightful implications to control the soil heavy
metal pollution from the perspective of landscape pattern optimization.

Keywords: soils; heavy metals; pollution; landscape pattern; spatial econometric model
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