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Abstract, Land use cover change (LUCC) is one of the most important human activities that drive the evolution of the environment. Tt
has great effect on the accumulation, distribution, and migration of heavy metals in the environment. Vegetation can absorb heavy
metals directly, and it can also change the physical, chemical, and biological properties of soil and then control the mobility and
activity of heavy metals in soil, which will eventually cause pollution of heavy metals in soil. In addition, the migration of heavy metals
in soil is also affected by changes of landscape element composition and landscape pattern at sample points, plots, watersheds, and
regional scales. Based on the soil sampling data and land use data of Ningbo city in 2003 and 2013, the decision tree classification
method based on classification and regression tree algorithm was used to classify the land use and cover type. Single-factor pollution
index and Nemero composite pollution index were used to evaluate the soil heavy metal pollution status. The landscape pattern indexes
were used to explore the change of landscape patterns under different degrees of heavy metal accumulation. Finally, redundancy
analysis and partial redundancy analysis were used to identify those landscape pattern factors that had the most significant impacts on
the soil heavy metal accumulation in the study area. The results showed that; (DThe eight soil heavy metal elements including As, Cd,
Cr, Cu, Hg, Ni, Pb, and Zn presented different degree of accumulation from 2003 to 2013 in the study area, of which Hg, Ni, and
Cr had the highest degree of accumulation. Most of the study area has been polluted by heavy metals, and the pollution degree in the
heavily polluted areas is still increasing. @Higher accumulation degrees of heavy metals was not distributed entirely in areas where land
use types have always been construction land, or in areas where other types of land use had been converted to construction land. A
considerable proportion of heavy metals accumulated in areas where land use types have always been cultivated land or converted from
other types to cultivated land. 3)Heavy metal polluted areas have fragmented, complex, and aggregated landscape pattern, and the
correlation between this kind of landscape pattern characteristics and soil heavy metal accumulation in arable land, residential land,
and industrial land was the highest. @The higher the aggregation degree of construction land patch, the higher the accumulation degree
of most heavy metals. The accumulation degree of Cu, Hg, Pb, and Cd increased significantly with the increase of landscape diversity

and shape complexity of agricultural land. The closer the distance to the mining site, the more obvious the effect on the increase of Cd
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Fig. 1 Distribution of soil heavy metal sampling points in 2003 and 2013

WEY T W s b e R, AR HEI R 95N Cd-
GBW 08612, Cr-GBW 08614, Hg-GBW 08617, Pb-
GBW 08619, Cu-GBW 08615, As-GBW 08611, Zn-
GBW 08620, Ni-GBW 08618. il 532 FhA:5E 10
ANFER S PR UE R TRR E I 2 A OE, DARIE
AN 5 1R 22V R U AE 2% LAIN. AR IERIRAE fifi
PR P A TR A, DRAIE TR B (AR AR v e
Fbr R L Z N, B HEUORE G A, [R5
R VR S AR, L R DGR Y TR A
9wynm%?ﬁ%ﬁ%?,ﬁﬁ#%w@§ﬂf“
1.3 Bfscred | f J VA
1.3.1 | R E s R S 4
mﬂmmm%ﬂmmiﬁﬁwﬁﬁﬁﬁw

Laridat JV G W (it 4 T 1606 000 3 15 0

CAR-'HI‘( C}assifigation And Regression Tree) %f&eé’ay%”
SRS Iy s, ok G 2013 S AR AT - s 4
%, R ArcGIS (1 Hb A% 5502 B — 25 73 51 2003
~2013 AF[R] A 3 1) I AS Ak o] R AL 25 5.+ b oF]
FH/ BB IR 0 2 8T 3 A FHBUR 2 E R
FRifE( GBT 21010-2017) , 254 0F 5T X 4 b F) A 45
S5, OB SR P R BN - R 7 S R
Oy NEEHL . MRHb R . T 6 A K
s B Horb KR T KT IR B R AR Hb
SR 3 N R
1.3.2 +HEES)R G RAEEOM L

SR FH BRI G Y de B A AR 5 5T et Bk
436 2003 4FF 2013 AR IX 1 4w V5 GLIR
LTI, B 4R B0l F o — DR s e e
SEDXIRA PR, PIAEE 25505 Yt B0k BE S 42 1T 25
B b S e - S )T Y AR

PR TIS YN R R

P, = C/S, (1)
WS ZR G 1 TR AL
(2)

P = p—
/\/(Pi,max>2+<Pi)2
2

A, PoNEEIEITUER RIS s, ¢ o E
R EE (ng-kg™ ), S, NEEJE i BT
WARMENE (mg-kg "), X H DLWV H 315 5t
HHB%. P >1 FR TR i 197 B Py 1
ﬁﬁﬁ,i%@i%ﬁﬁﬁﬁﬁﬁfPﬁﬁﬁi%
JRIC R WM R &5 515 J A5 2 thmiﬁﬁﬁiﬁiééé?ﬁ
WK | BRI s i

— B T AR R R4 P, <1. 007
T 1.00< P/<2.00 iR 5 e, 2,00 &P, <
3.00 TS P,s 3500 NEEITY; P<0.707)
%ﬁé\w%<P<L%x%ﬁ%%W%ﬁ%)HL®”
<P<2.00 HREIGIE, 2,00 < P<3.00 WH ET5
Bt P>3.00 NEEIGH. |
1.3.3 BWmsRiEs

SO JR) o3 BT RE % 8 75 AN [R] HT B 2SS 1) JLAATIE
A BHREEH 525 AR . SO JR 8 $ (B E 0
FEH0) J2—FhREAS = BV 4 SOULAR R 5 R S
SRR 20 LR 2 [ T )y TR 1) A R R
AW T A SO K E LTS, AR
FL (PLAND) | BEB % (PD) | fix K BE B 45 5
(LPT) | S WLIE AR 45 B (LSI) | ~F 2 B e 7 4 %K
(MFPD) | V¥ 5 5 4B AR #E 25 (MNN) | R 5
(Al) . R (CONTAG), &K Z H 45
(SHDI) |, & & (PR) %5 5= A% R 5k, ©11REM
ORI FREE | S MR T S 2 T 2R B I
WX G118 S WA SR AT
1.3.4 JURGHT

TUR I —Fh AR HE T (BB RS EEHET ) |
RITE R BRI A 5 - B RS2 i ) R 25 A6 14 e
BRI BB PR R0 e W A8 Y e A T e T
JUASHER L, SRRl daih e 2 S5HF 8
IR TS, TURIIISRET —En
Py oo 37 B A5 Ao AR A 2 T8 ) b ) A 7 AR ) 3
B EE e 7 =X, B ERE R R B S5 T R S A
BEHETFRLRT.



2474 2D 53

B 40 %

R T EE AN R PR Xt i 7 AR S () B A B
J1BE BN [ IARIE R 20 45 X7 e oy A8t ) 2 ] i e
1B, KRB RAE N T (4) 1B 245, K
T EER bR L ) R AR IR R 7 (4 VR A A i,
F AR T A% 53 M7 ( partial analysis ) #£ 5% 3 48 & X 1)

o AR AR RE , T — AT T DA B R 2
s EAER . O TR AR AR, JUAY
SR T 2013 AFEBF 5T XA - Hb AR BT A B,
i R AR o v I SOULAR SR 48 B A 3 R T AR T AR

Iy |
| & |
[ & f
= |l||
i

b$$ﬂ%@ﬁ%%ﬁ%¢%@%@ﬁﬁ

P
=

ik ?%i@ A BE-HE” 5 1E 2003 ~ 2013 %Ela#kimﬂt'

o A wtkgn 2005 zmsf# i'ﬂzj:!} ?é*”ﬂa%#i&}‘fda%im uw*fﬁs /Tjﬁ
Fal 'y @,2 ,;0}% fF—ﬁﬁﬁE:ti&ﬂ)ﬁ/%’%&ﬁﬂ ]

Fig. . 2" La-rfﬁ use/..t’over;'chgge in the study area fro_m 2903 o 2013

A5
2 #£R5itie
2.1 MR/ E AR
FE T 18] 18] X5 52 19 D SRR 43 AL 58 6T 2003

AR 2013 ARG X MR H w25, s
Je B WY 5215 M AR Bl E AT e R BE B, 15 E)

2003 ~2013 4F[a] #F 5% X+ i F) FH /78 w728 Ak 1 (A
2).

P {5
IR -1
P -k
Bk -
B-1E -
I #-1T EE T-E
-k R T-1
o Ak-g Tk
B k-pk K-
- B k-ER
- k-
H-k k-1
- K-k
[ Fisg:y
-1k
"‘Fll {
..l lﬂl
| I -
=~}
# = il __._:’-f:r"

ﬁﬁ@ﬁ@%ﬁﬂﬁlﬁ@%mﬂ @ammﬁz
G oA AR B K (O T BT )

ﬁ&%%ﬁ%&ﬁ LR e S S Y e

wm VLKA, ML A A H e
Ef@u?bﬂmiﬂlﬁﬁ AU 2R Y g U —

M, R L R R R s A, (H
ﬁi%xg kB 43 A (1 b X A5 AR AR /N, BFST
X v, B £ HLR R R 2 A A R L

2.2 TSR BRURHE

XFWFE X 2003 4R B 1 465 > - HEAE & A
2013 4FRAEMY 665 A TR RS TR ST, 15
W8 MEESE TR T ENE AV, KR/
8, prdfEzs | BRREBEESR(WELD).

R1 2003 F£2013 EFARX S MTEELESEH R HESIT/mg-kg !

1

Table 1 ~ Statistical analysis of soil heavy metals in 2003 and 2013/mg-kg~
Gy LE RUMA O RORE TEIE bRdEZ WA RS RE AR EHERE ERRBUe W 33
Cr 13.16 120.94  63.93 24.03 52.90 61.00 37.58 0.13 1.27
Pb 20.00  313.00  47.26 23.52 23.70 26.00 49.78 6.10 52.26
Cd 0.02 0.57 0.20 0.07 0.07 0.10 33.58 1.31 3.38
2003 Hg 0.02 3.42 0.37 0.38 0. 086 0. 065 102. 10 3.21 15.89
As 1. 80 20. 30 6.88 2.22 9.20 11.20 32.22 1.13 3.80
Cu 4.20  685.40  37.49 38.03 17. 60 22.60 101. 45 11.33 183. 81
Zn 43.10  368.00 110.27 34.96 70. 60 74.20 31.70 2.05 8.33
Ni 6.30 124.40  25.02 12.22 24. 60 26.90 48.85 1.70 11.29
Cr 19.90  326.00  80.33 22.69 52.90 61.00 28.24 1.55 21.61
Pb 25.00  263.00 51.77 15.51 23.70 26.00 29.97 4.47 52.47
Cd 0.03 0.89 0.21 0.08 0.07 0.10 39.70 2.29 10. 81
2013 Hg 0.05 2.26 0.55 0.39 0. 086 0. 065 70. 67 1.25 1.64
As 1.76 19. 10 7.23 1.99 9.20 11.20 27. 46 0. 86 3.29
Cu 8.92 118.00  40.23 12.88 17. 60 22. 60 32.02 1.70 6.85
7n 44.40  714.00 123.85 38.69 70. 60 74.20 31.24 6.58 85.46
Ni 8.09 55.80  32.13 8.56 24. 60 26.90 26. 65 -0.62 0.65
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Table 3 Landscape pattern metrics (type level) under different heavy metal accumulation levels in study area

SRR
2% 2K )
HEGRX RS YL X BEESRIX
PLAND 2003 21.6316 51.0486 41.924 1
2013 36.577 3 49.074 6 27.929 4
- 2003 0.5955 0.2076 0.163 1
2013 1.1845 1.2721 0.6195
. 2003 5.941 4 31.024 3 11.1326
2013 4.6365 10.5839 3.1128
- - 2003 7.5556 13.2972 32.9415
2013 24.2292 25.4708 75.243
MPED 2003 1.0927 1.08 1.0921
2013 1.0876 1.0896 1.1105
JNN 2003 210.676 7 197.598 6 258.2289
2013 138.3256 188. 163 4 160. 669 3
Al 2003 92.948 6 96.516 4 96.103 9
2013 91.1620 92.627 1 90.510.0-
PLAND 2003 55.669 8 27,1788 63y F
2013 28.250 6 25.6393 1573946
- 2003 0.3248 0.4423 0.2820
2013"° 0.8811 1.1886 _.,.0'.' 5958 o
Pl ; 2003 39.5167 | 636 18583 F.
2013 6.504 4 4.0724 1L.2p0s” ¢
. wzodz,y, ‘ 8.2442 o i7.3294 38, 27447,
e 33.0022'4 36, 641" 90.5473(
MPED = 0,03"’“ g 1.0957 - 0923 14062~ ¥
‘ s plo1sY g~ 11107,/ g 19097 1 141109 %
L JNN e 150.4053 47 217.4259 327.0108
= ¥ I 054 145. 806 4 143. 669 0 220. 6412
eV § Al “ ) '2903 ‘ S ) 951655 93.657 2 91.3514
| "y s 403 — 2 86. 139 0 85.129°8 84.577 4
PLAND 20037 22.4574 15.928 1 10. 673 4
2013 30. 9467 18.4970 13.553 9
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. 2003 8.8159 1.9977 1.405 4
2013 3.782 1 1.5679 2.0798
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\PED 2003 1.096 3 1.083 6 1.0856
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Table 4  Results of redundancy analysis for soil heavy metal content and four landscape pattern factors

L IR
At %1 2 3 5 4
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Table 5 Correlation coefficient between landscape

pattern factors and the first and second canonical axes
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Table 6  Partial redundancy analysis of soil heavy metals and landscape pattern factors
FARE it 5515 552 il 553 il 55 4 b
FRIE(E 0.714 0.01 0.188 0.021
B [ WA )8 O RN 0.893 0.823 0 0
HEE R AR B R % 75.8 76.9 96. 8 99
4R - A O BT R % 98.6 100 0 0
FROE(E 0.022 0.188 0.021 0. 009
AR T W48 o - K A G 0.541 0 0 0
HAJE A B % 9.1 87.5 96. 1 99.9
AR A - R T A OB BT R % 100 0 0 0
TR 0.033 0. 188 0. 021 0. 009
SREET AR - T 0. 831 0 0 0
HAJE AR B R % 13.3 88. 1 9.3 99.9
AR - T A G BT R % 100 0 0 0
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BB AR T AR - A 0. 895 0.93 0.34 0
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i G R SA Sy e A 74.3 778 77.9 o7
i iR ARG B R % 95.4 99,4 1100 JoF
A - , 0.035 - 0,012 0. 188 0:021 Py
B AT A RN TR 0.922 " 90,255 0 ol =~ ¢
Mk_#_ﬁriqc A R ek R e/ %) = 133 {9479 . % Vs d 9.5 4
A py BEBER-ETHCE R R0 74.3 F100 & | u o 0
, [ F J FIVA / ) .
%7 TRABERSFUKRBATRARINEH FTRBLER B, :fgﬁzﬁ(j( {0 RET 1 3 [ 4 R A B B
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Table 8 Interpretation of each landscape pattern factor
Ak HEAFAE(E
PEESHF(A) 0.724
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