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Impacts of farming landscape patterns on soil heavy metal pollution in towns of Southern
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Abstract; Landscape pattern is easily affected by human activities. In order to accurately grasp
the influences of landscape pattern on heavy metal pollution of soil and implement more targeted
prevention and control measures, GIS and geostatistical analysis method were adopted. Based on
a village-level small scale, the contents of 8 kinds of heavy metals in surface soil of cultivated
land were measured in a town in South Jiangsu. The study objectives were to reveal the pollution
characteristics of the 8 kinds of heavy metals and their spatial distribution pattern, to discover the
influences of landscape pattern in buffer area, and to analyze the relationships between overall
landscape pattern and heavy metal pollution in administrative villages. The results showed that the
content of Cd exceeded national soil quality secondary standard of China. The heavy metal pollu-
tion levels were all less than 1; 99.36% of the cultivated land were not polluted and 0.64% of the
cultivated land were on the alert against heavy metal pollution. In the buffer area, there was a
significant correlation between contents of As, Ni, Pb, Hg, Cd and Zn and some landscape pat-
tern indexes (P<0.05), while there was no significant correlation between contents of Cr and Cu
and landscape pattern. There was a significant positive correlation between landscape connectivi-
ty/aggregation degree and comprehensive pollution index of heavy metals ( P<0.05). Therefore,
our results well explained the comprehensive pollution degree of heavy metals in cultivated lands
in each administrative village.

Key words: town; landscape pattern; cultivated land soil ; heavy metal.
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Fig.1 Soil sampling sites in studied area
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Table 3 Statistical parameters of soil heavy metal concentrations

W/ MAE ONE] e PRifE2E TR FRE i J3E Vg i K-S K456
As 6.55 11.80 8.48 1.05 0.12 0.82 1.25 0.50
EE EiE 0.26 0.47 0.34 0.04 0.12 0.82 1.25 0.50
Pb 21.60 36.90 28.42 2.81 0.10 0.37 0.97 0.89
EEE 0.07 0.12 0.09 0.01 0.10 0.37 0.97 0.89
Ni 24.50 44.10 31.90 3.52 0.11 0.79 1.25 0.25
V5 AR E 0.49 0.88 0.64 0.07 0.11 0.79 1.25 0.25
Hg 0.04 0.16 0.07 0.02 0.33 1.24 1.64 0.10
V5 YA %L 0.08 0.32 0.15 0.05 0.33 1.24 1.64 0.10
cd 0.10 0.40 0.19 0.05 0.25 1.10 4.28 0.43
bR Z L 0.33 1.33 0.63 0.16 0.25 1.10 4.28 0.43
Cr 58.60 91.00 75.72 5.92 0.08 0.06 0.63 0.64
V5 YR 2L 0.20 0.30 0.25 0.02 0.08 0.06 0.63 0.64
Cu 23.00 36.20 28.62 2.74 0.10 0.31 0.42 0.95
bEE 2L 0.23 0.36 0.29 0.03 0.10 0.31 0.42 0.95
Zn 61.80 105.00 82.11 8.03 0.10 0.29 0.48 0.92
V5 YA 2L 0.25 0.42 0.33 0.03 0.10 0.29 0.48 0.92
G 0.39 0.99 0.55 0.08 0.15 2.27 9.98 0.22
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Fig.2 Spatial distribution of comprehensive pollution index
of soil heavy metals
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Fig.3 Spatial distribution of relative pollution level of soil
heavy metals
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Table 4 Pearson correlation coefficients between landscape patterns of buffers and soil heavy metal concentrations

U EeR AREA- PD ED LSI SHAPE- FRAC- COHESION Al
(m) MN AM AM
100 As 0.12 -0.08 0.07 -0.02 0 0 0.03 0.01
Pb 0.04 -0.15 0.05 0.04 0.12 0.09 0.07 0.11
Ni -0.12 0.23* -0.11 -0.03 -0.23* -0.2 -0.2 -0.08
Hg 0.04 -0.1 -0.14 -0.21 -0.19 -0.22 0.06 0.22
cd -0.15 0.15 0.14 0.33*" 0.23" 0.29* -0.16 -0.34"*
Cr -0.04 0.15 -0.06 0 -0.18 -0.16 -0.11 -0.03
Cu -0.02 0.15 -0.02 -0.03 -0.15 -0.15 -0.07 -0.02
Zn -0.21 0.2 0.02 0.21 0 0.07 -0.19 -0.23"
150 As 0.04 -0.06 -0.09 -0.09 0.01 -0.03 0.01 0.04
Pb -0.03 0.01 -0.06 -0.01 -0.08 -0.05 -0.12 -0.06
Ni -0.22 0.21 -0.05 -0.02 -0.2 -0.21 -0.14 -0.02
Hg 0.03 -0.1 -0.26* -0.23* -0.16 -0.15 -0.02 0.14
cd -0.11 0.07 -0.01 0.05 -0.03 0.01 -0.15 -0.12
Cr -0.2 0.22 0.02 0.03 -0.19 -0.22 -0.17 -0.05
Cu -0.11 0.11 -0.04 -0.06 -0.17 -0.17 -0.08 0.05
Zn -0.25" 0.21 0.02 0.17 -0.05 -0.02 -0.26* -0.25"
200 As 0.06 -0.15 -0.14 -0.17 0.03 -0.04 0.11 0.14
Pb 0.12 -0.2 -0.11 -0.02 0.14 0.13 0.01 -0.03
Ni -0.12 0.05 0.01 -0.05 -0.14 -0.14 -0.01 0.06
Hg 0.09 -0.23 -0.30" -0.23 0.02 -0.01 0.1 0.16
cd -0.07 0.07 -0.01 0.07 -0.04 -0.02 -0.13 -0.07
Cr -0.04 0.01 0.04 -0.07 -0.12 -0.15 0.02 0.09
Cu 0.18 -0.24 -0.11 -0.13 0.09 0.08 0.14 0.12
Zn -0.11 0.04 -0.05 0.08 -0.04 -0.02 -0.15 -0.14
250 As 0.19 -0.30* -0.09 -0.12 0.12 0.13 0.17 0.11
Pb 0 -0.11 -0.13 -0.01 0.10 0.10 0.01 -0.07
Ni -0.23 0.13 -0.09 -0.02 -0.29* -0.26" -0.16 -0.01
Hg 0 -0.11 -0.32* -0.18 0 -0.01 0.03 0.06
cd -0.19 0.18 -0.05 0.09 -0.16 -0.14 -0.19 -0.09
Cr -0.07 0.05 -0.02 -0.05 -0.19 -0.17 -0.07 0.06
Cu 0 -0.1 -0.22 -0.09 -0.05 -0.01 0.01 0.01
Zn -0.27°* 0.13 -0.07 0.12 -0.14 -0.10 -0.22 -0.22
300 As -0.13 0 -0.1 0.04 0.09 0.07 -0.05 -0.11
Pb 0.03 -0.17 -0.29* -0.08 0.10 0.10 -0.02 -0.06
Ni -0.28 0.22 0.06 0.07 -0.22 -0.18 -0.12 -0.06
Hg -0.12 -0.08 -0.41%* -0.17 -0.02 0 -0.03 -0.01
cd -0.02 0.05 0.12 0.12 -0.10 -0.12 -0.12 -0.10
Cr -0.23 0.18 0.14 0.12 -0.10 -0.07 -0.08 -0.07
Cu -0.11 -0.04 -0.28 -0.10 -0.04 -0.02 -0.03 -0.02
Zn -0.38"* 0.21 0.02 0.23 -0.23 -0.19 -0.33" -0.28

# ,P<0.05; = * ,P<0.01,
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Table 5 Pearson correlation coefficients between farming landscape patterns and comprehensive pollution index of soil heavy

metals
AREA_MN PD ED LSI SHAPE_AM FRAC_AM  ENN_MN  COHESION Al
LRATREL 0.37 -0.39 -0.08 0.43 0.47 0.5 0.74** 0.53* 0.04
* ,P<0.05; * * ,P<0.01,
2.4 oA RS I E SR 25 A 15 LR AL 3 W B
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AR, AR e A R 2R G5 Y as ) o A R
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AT BORE 58 b I A 5 FH AR G o (45 s
YuFABAR X AR rh I IR ¥ YL R, 38 B AT It
YA AR I R 4R A S BOK R R TS i
BRI s 3 T 4 T e AR T A, T YRR A
L AFLE IR P R 75 B B R
3.2 HERZWX N RS RS R SRS
HCR

Mo [a] REAR/NEE, S0 SR X As Ph &Y
MR IR, TR 0P IX N As & it HAE
250 m [ AR 5 PD 3 R OG X SR
TR LS FAART . [, A 56117 G as (o) RUBE (9 Bk 5
B R (A5 As Far 00 3 IEASC CRR
46.2015) , TAHHFEALALIE T A5 BRG] 1) v /N2 [
KB, LI S5 S AT 78 43 R Sk, A7 et — 20
(IRFSE, Pb & & HAE 300 m (25 (8] R F5 ED
LI UG, EAE T 9 2 () RUBE A F 5 v Bk b
AR B AL AR B R W IR B 4% 5 P i S 3 I
FHIEAOC (B, 2015) , PR SRS AR, — 7
AT A e B T 5 b R 2 () RUEE S5 (9 A [ 17
R 225, 55— T AT RE R R N I 4 JE 7E
RGNS AT A i /N ROBEIF 5% B Bl T 7 510
YL ED 45 5 %0 Ph (A AL B, Tk 4%
(2009) FEAFRALIIRES 5 & B, Ph 25 50 16 +3EFREE 4
1 A AR AR 38 g B e 7S Ty Xk A B Bl kAR
di U ED R R T Ph SRR B R B T R
£, AN, P FEORIFE IR R A HOM Tk 3
AT, 32 AT R A5 R PR 22 1 2 (R 1
85 ,2011) , 76 AT B Bl N RS0 3l 9 5 ) 5 A B
B, = —E 2 5

23 A RBER/INE NI i 5 PD i 2 IEAH G 2
£ SHAPE-AM .FRAC-AM & & 3 fa M 3¢, fi %5 25 [f]
RERE I, W& MR, SR I T B g
IR ZS A RG22 Ni J8 T H AR, & R el
RFRJE 32 B AR T A 52, N 23 gt Hse g A
X5 (Hu et al.,2013) ,f0LAE R 25 DL K A5 HLAE A}
(A X 38 v Ni 55 2 119 52 ) EL A AR S 2 e 22
/N(Cai et al.,2012) fAAHER S (2014) TE A TR R
FHUG & R AR A = i B v = AR i =k
SRR A KR NI, A A R R R
TR IE (R AR ) AT s e B A

BRI Ni(E#4 2012) X 865 YL ) — i 25 &) B
FEWE /KIS, PD 34 ik BB b Hh B A 2 fR AR 1Y
WS BEZ 30, B T Ni 9 & &, M SHAPE-
AM il FRAC-AM 34, 2 BH A b B4Rz ot =2 1) 422 f
BOREEY), HEWE /K 25 5 16 45 M He ] i 38 , ff 5 Ni
TS e 2s y or i 2 A L A Ni SRARAE— i

He &5 ED Ml LSI & 3 7 A 5, B 25 25 [a]
REERYHEIN He S H 5 ED B ECRMU R, £
ZEAE(2007) F8 Y He FZR A 228 B A [RI I 84}
Tl AR Tl R FBE Tk Al 57 7= A He 15 3% (2571
245 2016), HT Hg Z % Al 3% He 19 322
A KA, B Z A2, Al Ul 2428 ) R
JEIRFEL TR, S e U HE B S A% S
Xt 8 He B 52 25 B W AR, 38 28 0 8 3% g,
(RN s [ RS | He WA 8 2%
R B FOUAE X AT A —E 520, ED Rt 1
M He 2 8] i AH VR AR, LST WU 7R T #f b s B
AR 2 B (B AR5 2016) . ED 1 LSI B
WE NN T, B IR A, 400
1M Hg & EHAE, X5 As Pb B1H L —2L,

WA T & Sh B R A R E 4
J& , T RAVTREE R, Bl RASRRAR Y 1L, 76
VNI NP, Sy NE2W) e i o7 N M0 A N3 A T =2
(Wuana et al.,2011) , 3 H3Z 2IAS[R) 23 0] RO |5
LA Jed 14 5% 1] (X MBS 2006 ) . A BFIE & B, =
WA R X Cd 15 9% B2 M Rl L 2 534 10 km, 5 A
I 2 B VI AR G (1R Rk 4E, 2016) . (HIEARDFAY
H,Cd S A5 100 m 25 (8] RUEE N B 5O JR A i
RSN, I H5 FUB R A 2% B AH OC 1 500048 20 2
WEFIEME, 5 AL 2 B ERAHXE, FBIERA
FRIN | B ORAE Hb R R 64 32 1 0, AT 8 ) 2% 7S 1
TR b B ] B4 8 A B R I Cd T A
BRGNS TR 24 A b B 1 1) 25 2 2 ke, i
il B AR X R AR T LU Cd PR Y1, R 5 RETE
— i BRI T R IS YRR B R TS Y A
X5 HT A BWFIE I A — 2, 1 25 5 0 ) AT B
3 U710 — & A BB T ET A MIESE — e T v g s
() FRUBE, T 43 el A 19 3 3% 9% B TR, X Cd iR
S B TR A R S () R 3 R X AR, AR
FH b — e a7e 5 3 A T 2R, R AR KRR Lokt 1
LR RS EIR S N RCE L7 LS NTA L S o S /5
UE, SEBaVE A F b At FH 5 A K ok B 4 (4T Vi T U
(SEtHHAE ,2003) DL S 5 5 4 K e Ak
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M (AL A ,2009) J2 IS Y BN L 4K
FAAE T AR 25 A B G 3, B o it
FHAL AR 5 ALAE o H R Cd & 2 55 = B AT, BAIG
T Cd Wi YR B[R] B T 93 Bl N 25 80
EMNNZE P& Cd TS Y & | % L
bk F  SA R I E T BRI T 5
PR, S RES BT BER NS RLERE
Z=, 25 AR R, X sg i Cd BRI R ZE 7
o s ) RUBE 1 D00 AH X 40, BRI T Cd i RS
o

— B, R Cr ISRy As ) AR S B N
BEJFORANRE K S B R, B R BN 5 TR H )
TH] I 2 I T AH G, R T A %) I R fRORE oG (AR
4£.,2015) , 5 4R SOWA% 7 19 5C R I A2 o0 i
F X GAMR R GIX N Cr, Cu 7 5 5t A% 5
TG 5 ZEAH DG R 25 10 AH — 2, (R N LA 5 3 )
HRRISS W, 78 KRS R EEWF5E v, iF 58 N B2 38
AR 2RO SRR I 4 TS Y i A [ o A
B A WFIE K BRAEAS A RUBE R o] %) i e £k
JK(PD) FERAERE Y Cr 2 am HAT g A0 66
#,25PD BRENHC, 5 AL £ BFEMC(ZF
WA ,2015) , [FIE7E B R | 448 Cr 5 R0
P55 2 E AR 5 (Lin et al.,2002) , H TA#IEH
FERPE R NRUEE T SO AR R 3, HAt S WA
/b BLE N L ZMEASTE, PR L ER T B — A
SRS SRy, BT A — BB i A BB 5 TE A5 2 A 50 1E
ARl — T,

Zn &5 AREA-MN  COHESION Al £ & % 1t
AHG, 2B PR RE 2 () R R3S i35 hn . AREA-MN
ST BAASE TR P R b b B A RN R R T
COHESION F1 AT D] fsz e "7 A Hby b B[] 1) 25 (1] 3% 38
PEFIRAENE (B TETF 45, 2013) , TIEE & B AT
PO R Z SO R 12 e (A AR S5 ,2008) . A
SR G ORI R & — W) Zn TTE (T
45,2007 ), 4 24 AL R A B () 1) AR 2R, O B o
BEFHAGTE R , (45 51 4 10 6 SR A000 W fin oA 4, T
U, Zn BEVEE K3 R 25 Gy fE ke o) i 4%, OF HiE
R LA 5 Ry e B i A b b b b ) R4 2
Vi) 26 308 P AT B R TR FH K A il | DT el Zn PRk
Tt Zn TE TR BEARRT Zn 582,

FERTEEZS [ RS b 7 )R 3o pk b AS R) 2 4 ) 45
B H 5B A% RTeECE B EAHOCHE, Bl AR-
EA-MN ,COHESION H 5 Zn & & WA, i ED

X He 25 5 0 52 0 08 B 2, 4 1) RUBE R, i i
¥, SHAPE-AM Fil FRAC-AM &% Cd & & % 1F
FAOCHN, L5 Ni &g B ARG, Al — 50 Bont
AN E 4R = A R AR TR, fln, Bk PD 5
o4 R A A B AR OCHE  {H PD IR, As
ARG, NI AR A, AR S R —
(h2s B RE B A 5 E 48 A B A, #ln, cd
H 5100 m BYSOUAS R 2 EAH DG, Pb H 5 300 m
) S A S S B ARG AN [R) S A J IR R HE— A
s A ROZRIB AR, (B B 5 2500 5805 18 5
LA S 1 6 — 5 T A A —2s [ R, N2 RS R 5
PRI 3 4 8 0 o0 A7 FUAEE LA RS LA ey X £ 4 T
GBS YL 1 5 e 0% 15 5% ( Hani et al.,2011; Lu et
al.,2012) , o] UL ERE A3 19 28 (8] RO 5 500K J5)
F& O R B b o 4 i % 1) R A A A R
3.3 EERFOWAS RS HEE R 25 A 15 YK
H T AT 3 B T8, 75 50 A Js i 1 8 s
P Z [MLSIRFFTE R KR, BFSEIESE, 5% S
ATLAHE R E SR RSy Bod i, A2 RA D
B LS SR 5T A g e T A b T 4 R 2 T
FREE , — S0 5% Jm 5 80 5 HF b 1 4 Jm 25 B 5 e 7R
JE AR MRS , L A BeC RGOS AR R O
ANEFEE SRS RN ST,
A SR AT T A, e 4 R L TS YR
J 5 ENN-MN #l COHESION £ B EZFM X, &8
FEE AT KA I E SR M AN EE R —
(Luo et al.,2009) , 52294k A FA) Pt it 1 A=
BRGEWHEE B, IAESOIIE IR S % AP
ARTEA T T T 38 4 (R 4255 ,2009) , ENN-MN
H1 COHESION [z B T 4kl b B[R] (14) 55 208 38, AL
TR A A b b B 5] 95 2R R 1y | 2 () 3 3 PR R
L HESEA S KIEETEE, P KT i 4, Y
15 YL YR 34 22 o AR 7 ER A A S R S IS (R P e X3
S YT Y AL 3m A 2 Il AR RS AT LA PR
LSI 525675 Y8 Bk ML A5G, 1 SHAPE-AM 4]
LG5 YR B A G, v] UL Bk b HOE R AR
A 15 YAR B ARG N (R A K M O R AR R
FL 75 G A8 B M BRI

4 & g

IR G R, 8 i P 2 5 G R AR
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EEREAE FE30E HSM

MEEATH AR /T 0.7, 7E3F T BN, R Cd
BEls, EEEEREENT 0.5, HIEE SR
15 Y2 NG SR e i EL/S , BE R 42 B 25 B s
YL B BA B0 00 s 18] o3 A FLAE L 99.36% Y #F Hb A
FIERRE, RA 0.64% B EZ R N, 2
e XA TBUR AE FAL  FELE IR R a3

TE IR S B IX N, As B i HAE 250 m ()28
(B RUEE 5 PD 2 W& AR (P<0.05) ,Pb %
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DAL ) S WA Jr A SRR O, O L 5 TR = 4%
JEM S MAS B R IEAOE, 5 AL 2 ML, Zn &
5 AREA-MN, COHESION, Al & & & i fH %
(P<0.05) , % 35 P Bifi 25 6] RUEE (9 385 i 38 fm . {H
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