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Table 1 Physical and chemical characteristics under different land use patterns

Z=Sil] a1/ xs x9/ x10/( x Z12 x13/ x11/
Pjiems (g/cm®) U O IS I (g/bk/g) (g/ke) mgl,(/]lig) (g/lii/g) (mgl,/l/ig) (g/lllg) (mgl/ikg)
1 1.31 46.91  3.96 50.87 26.56 36.10 8.21 15.88 8.62 46.20  41.88 6. 47 26.40 112.86
1 1.29 50.02  2.97 52,99 27.11 40.05 8.03 15.03 7.46 33.60 51.65 30.30  24.17 157.77

13 1.35 45.58 3.70 49.27 22.37 34.20 8.16 21.41 6. 69 29.75 54.93 9.13 22.11  95.39
I 1.48 42.66  2.34 45.00 19.51 31.21 8.21  6.07 6.06 31.68 41.23 23.06 20.72 125.44
Il 1.14 33.53 23.74 57.27 36.05 29.70 8.43 23.45 5.97 32.73 53.42 18.88 18.43 57.90
I, 1.32 45.10 5.06  50.15 23.34 34.42 8.19 25.69 5.26 42.62  60.11  72.45 22.53 183.87
Il > 1.47 44,06  3.97 48.03 20.71 32.73 8.2 25.37 8.05 41.30  50.87  14.37  23.15 100.22

Il s 1.41 45.32  2.75 48.07 22.54 31.48 8.27 22.69 4. 84 80.50 54.34 61.85 21.96  78.22

v 1.21 54.68 2.93 57.60 31.04 50.10 &.19 29.35 6. 89 50.23 54.60 62.07 29.19  75.36

V 1.59 38.21  2.28 40.49 17.54 25.20 8.28 19.34 3.13 18.03 31.60 15.96 17.18  50.65

.5
Day: HHE®E Soil bulk density; x2: BEFLEEEE Capillary porosity; x3:3F B FLEE Non-capillary porosity; xi: B fLERE Total

porosity; xs: H 2k & /K& Natural water content; xs: B& /K& Water storage in capillary porosity; x7:pH; xg: A HLHE Organic
matter; xg: 2% Total Nj x10: Kfi# A Available N; a1, : 28 Total Py 210 : SEALHE Available Py 213 : 2480 Total Kj 2y HEACH

Available K. F[d] The same as below.
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FEFwEHBRERLE2, 0~50cm HIEFELBTE
Cu.Zn,Mn.,Pb.Cd,As.Hg (5 28 1k 35 [ 4 51 A
27.54~51. 81.68. 68 ~113. 77.386. 18 ~ 464. 56,
30.63~67.91,0.19~0.74.5. 33~13. 88 Fll 0. 06~
0.32 mg/kg,
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Table 2 Total contents, ANOVA and ANOVA-LSD of soil heavy metals mg/kg
H A 0~25 cm 25~50 cm

Patterns Cu Zn Mn Pb Cd As Hg Cu Zn Mn Pb Cd As Hg
I 51.81a 113.77 a 442.48 a 67.91a 0.66a 13.88a 0.32a 50.95a 99.80a 464.56a 40.90bc 0.47b 8.10a 0.31a
I 39.49 be 96.46 b 431.73 a 43.30 bc 0.6l ab 9.34a 0.29a 34.90c 96.19 ab 448.99a 55.52a 0.66a 9.30a 0.16b
I 44,17b  91.84 b 445.31a 46.78b  0.49b 7.88a 0.17ab 45.80b 88.78b 445.97a 53.44a 0.74a 7.92a 0.10b
Iy 39.53 be 84.04 ¢ 449.38a 45.20b  0.19 ¢ 7.43a 0.13b  35.40 ¢ 84.20 bed 422.84 a 43.91 be 0.61ab 8.42a 0.12b
Il 29.84 ¢ T77.64cd 389.69a 47.91b 0.58ab 6.87a 0.12b 27.54d 68.68d 386.18a 40.32bc 0.61ab 5.33a 0.14b
I, 43.56 be 92.99 b 428.72a 48.49b 0.48 b 7.84a 0.13b 43.09bc 87.48b 444.63 a 52.74ab 0.48b  8.46a 0.21 ab
I, 41,07 be 90.13 be 440.15a 44.91bc 0.6l ab 7.49a 0.15b 44.94b 90.44 b 441.88a 57.87a 0.68a 7.68a 0.07b
I 32.33 ¢ 76.80d 417.92a 30.63c 0.45b 6.10a 0.18 ab 41.20 be 83.40 bed 412.24 a 44.36b  0.62ab  5.95a 0.08b
I\ 44,80b 98.80b 431.92a 52.16b 0.74a 8.98a 0.13b 45.86b 100.01 a 434.25a 38.36c 0.57ab 9.86a 0.24 ab
V 30.62 ¢ 78.16 cd 401.80a 47.17b 0.51b 6.84a 0.23ab 27.77d 78.60 cd 425.79 a 51.60 ab 0.52 b 7.27a 0.06b
F 6.1740 2.7480 0.5510 4.5170 2.1533 0.4471 1.0140 8.3300 1.8320 0.4930 2.2860 1.9760 0.667 3 1.5259
P 0.049 6** 0.0728* 0.776 6 0.068 0* 0.0779* 0.9052 0.1983 0.008 2" * *0.0924* 0.8692 0.0709* 0.0921* 0.7410 0.098 9"

1) % ;P<C0.1; % % ;P<C0.05; * % % ;P<0.01; ANE/NEGFHERZERIK 0.05 B FKFE Different small letters mean significant

difference at 0. 05 level.

ANTa] A A 72 0~25.25~50 cm + )2 5
Cu F a2 R0 ik 88 53 (P=0.049 6) Mk B F
ZF(P=0.008 2),Zn(P=0.072 8,0.092 4).Pb
(P=0.068 0,0.070 9),Cd(P=0.077 9,0.092 1)
YR ZEKFE;0~25cm T2 He S B ERF AR E
(P>>0.1),25~50 em + )2 Hg 22 5% ik | & KT
(P=0.098 9);Mn.As S EALS T EEZR ML E
(P>0.1),

0~25cm £ZH,Cu.Zn.Pb.As M1 Hg & &
L9 a tEf M N TARCT D&, 45k 51,81,
113.77.67.91.13. 88.0. 32 mg/kg; Mn.Cd & & N
SARILL 2 a A N TARCT O KB (N FE. R

449.38.0. 74 mg/kg, 25~50 cm +ZEH,Cu.Mn,
Heg &l 9 a W AN TARCT ) e, 40k
50.95.464. 56, 0. 31 mg/kg; Zn. As & & LK H
(DO FE 433k 100, 01.9. 86 mg/kg; Pb.Cd & &
W AH BE o) o4 a A N TARCL ) de s
S 9h 57.87.,0. 74 mg/kg.

HY T 4 A DG PR AF 5 (3R 3) 25 SR T H1, Cu
5 Zn.Mn,Zn 5 Mn,As.Hg,As 5§ Mn,Hg Atk
WK (P<<0.01);As 5 Cu,Pb 5% W & M &
(P<C0.05);Pb 5 Zn,Mn 5 B F % (P<<0. 1),
4 B ICER Z A Y 5 35 AH DGk, 3R W3k 22 50 K Y ok
JE ] BEAH R

F3 TESEEESER Pearson HXRH
Table 3 Pearson correlation coefficients among soil heavy metals

Cu Zn Mn Pb Cd As Hg
Cu 1. 000
Zn 0.876 5*** 1. 000
Mn 0.850 9* "~ 0.844 3"~ 1. 000
Pb 0.489 3 0.586 5 0.618 5" 1. 000
Cd 0.219 3 0.343 1 0.070 5 0.1917 1. 000
As 0.748 9"~ 0.951 27"~ 0.774 377~ 0.642 6"~ 0.199 3 1. 000
Hg 0.535 9 0.783 8" "~ 0.492 4 0.509 5 0.156 9 0.866 5"~ 1. 000

22 TEBEEEITHEITM

M2 4 ISR 5l 0, BRI TS e dR 4 DL Cd 8
Hrp 6 adm ANTARCT,) 4 a M AT
CTOVHBECT,) K HE (V) 75 g5 KT 1,
A9 1,058 3.1.025 0,1.075 0 A1 1. 091 7,3 H

XE AT HEC 28 Cd 5%, Hith +
M A 7 2R & H 4 R T R B 0TS QR O T
1R LI RZ 5 Yl 4, B0 Y5 BOr 24 E
PLCd %, Pb ik, K/MHEF 9 Cd> As>Cu>
Zn>Hg>Pb,
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Table 4 Average values and background values of soil heavy metals mg/kg
2 Patterns Cu Zn Mn Pb Cd As Hg
1 51.38 106. 79 453.52 54.41 0.57 10. 99 0.32
1, 37.20 96. 33 440. 36 49. 41 0. 64 9.32 0.23
1 44.99 90. 31 445, 64 50.11 0.62 7.90 0.14
I 37.47 84.12 436. 11 44.56 0. 40 7.93 0.13
Il 28.69 73.16 387. 94 44,12 0. 60 6.10 0.13
11} 43.33 90. 24 436. 68 50. 62 0.48 8. 15 0.17
Il » 43.01 90. 29 441.02 51.39 0.65 7.59 0.11
Il 36. 77 80. 10 415. 08 37.50 0. 54 6.03 0.13
N 45.33 99. 41 433.09 45. 26 0.66 9.42 0.19
N 29. 20 78.38 413. 80 49. 39 0.52 7.06 0.15
S 100 250 / 300 0. 60 20 1.0
DS, : FFE 2 br#E{E National secondary standard.
x5 ARETHAAFARXTLEESESTREHRFZTREIEN"
Table 5 Pollution indexes and evaluation of soil heavy metals in different land use patterns
Fon P o, VR
Patterns Cu Zn Pb Cd As Hg Pollution level
I 0.513 8 0.427 1 0.181 4 0.941 7 0.549 5 0.315 0 0.750 0 A
12 0.372 0 0.385 3 0.164 7 1.058 3 0.466 0 0.2250 0.811 9 A
I 0.449 9 0.361 2 0.167 0 1.0250 0.395 0 0.1350 0.783 9 A
1, 0.374 7 0.336 5 0.148 5 0.666 7 0.396 3 0.1250 0.529 6 S
1 0.286 9 0.292 6 0.147 1 0.991 7 0.305 0 0.130 0 0.745 7 A
I, 0.433 3 0.3609 0.168 7 0.800 0 0.407 5 0.165 0 0.629 1 S
Il 0.430 1 0.361 1 0.171 3 1.0750 0.379 3 0.110 0 0.816 4 A
Il 0.367 7 0.320 4 0.1250 0.891 7 0.301 3 0.130 0 0.678 9 S
v 0.453 3 0.397 6 0.150 9 1.091 7 0.471 0 0.185 0 0.837 2 A
Vv 0.292 0 0.3135 0.164 6 0.858 3 0.352 8 0.145 0 0.656 6 S
1) P; BT {5 YL 35 40 Monomial pollution index; P;:%¢ 4 15 42 #§ %X Integration pollution index; A% 2% Alert level; S: % 44
Safe level.

LEA TS YRR LIK (V) e .2 a B AT
MRCT DMK, 2851k 0. 837 2 F1 0.529 6, 10 fh +
Hu R AR ST, 4 398 05 Yotk i 349 Ak 7 3 S T T
AR AT VI VIV A TS Ye S G Ry 2 4 2 HL
RO IR ERK . BN TR B 25 G 75 Y45 5L
SEE A3 R 0. 718 9.0, 708 1, A [ - His A1) FH 5 =X
TEEHEFAINST >N >0 >V, i sEas
Y8 B A, K e
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Xof 50 - S A R i A A 14 A F B
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28 A 3 AT SR AR 4% 32 A REAE ) 2 RRAEAR |
Ji 2 TTERR Ry 22 BRI BTk R SR EK 6, 4 N E
BT R AR AR 43 91 SR 5. 560 5.3. 709 9.1. 969 0 Al

1.151 4, 5TRk 34> 91 39, 72% .26, 50% . 14. 06 %
1 8.25%  H R TTHR N 88. 53 %0, [RItk, W] L
X4 AU SRR 14 AN IR TR AR ERAE R L B
A,

81 B, R B AL SRR
AR EKE BERKE SR WL R
BRI EXFEE 1 3 B 5 e A K I R A0E 1) 2, 7T LA
GO K -2 BT 2
W, R EE LR CEBE LR AR A K
i pH E I REBCR &G RIS K 4r-pH (H
BT 5 3 B AP . 4 A 4B A1
T A i NI R AN 10 i P R e TR 9 o L
HCE R B E e N 0T DAy 4 ok R R
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738

o gl K

530 45

T E R T ) BEAE A K O 1 B LA R A 2 SR O
YIRS UK R B2 B0
FR6 NEEFHHIWFAERNE FERRTHKE
Table 6 Eigenvectors,eigenvalue and variance

proportion of principal components selected

H ¥ Factors PC1 PC2 PC3 PC4

X —0.7725 —0.5529 0.2055 —0.1360
X2 0.726 4 —0.643 5 0.039 6 —0.196 2
x3 0.030 4 0.960 5 —0.183 4 0.190 2
x4 0.850 5 0.4814 —0.1853 0.018 2
x5 0.639 0 0.6935 —0.2377 —0.0222
X6 0.896 9 —0.2383 —0.0939 —0.208 3
X7 —0.3572 0.8302 0.2230 —0.1985
X8 0.460 5 0.356 3 0.5101 —0.2235
X9 0.582 4 —0.1692 —0.6461 —0.1008
o 0.4656 —0.0523 0.5876 —0.1885
x11 0.738 1 0.204 0 0.306 5 0.394 1
X1z 0.493 0 —0.078 2 0.774 7 0.235 2
T3 0.846 6  —0.3846 —0.1145 —0.2966
T4 0.314 3 —0.5049 —0.109 8 0.763 8

fiﬁ?ﬂ:ﬂé 5.560 5 3.709 9 1.969 0 1.151 4

Eigenvalue

TR/ %

Variance 39.72 26.50 14. 06 8.25

proportion

ST/ %
Cumulative 39.72 66. 22 80. 28 88.53

proportion

1)PC1,PC2,PC3,PC4: £ 4 1,2,3,4 Principal component 1,

2,3.4, respectively.
24 T1EESEFSHETFAE

TE F2 1853 53 B 5 B K fie /TR 10 R Al | DL
RIBAHEFEMA LR, UL EESEE TR T &
Culy;).ZnCy,) . Mn(y;) . Pb(y,).Cd(y;). As
(ys) HgCyr) S PR &, 847 XU G % 32 A |19 43
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y;=—3.217 3—1.080 6x31+3.553 5113

52 LI F R .

vy =24,.488 0—0. 537 72y —4.452 929 —0. 323 22y, +
5.033 713 1+0.124 6213

55 3 M T 2

y3=2389.959 7—1.882 1a;+6.258 429 +0.106 62y,

55 4 2R 1A U5 AR

vy =40.828 7+0. 027 4x5+0. 218 95 +0. 737 225 —
0.439 0xy—0.418 721, —0.203 112 1+0. 134 42,3

y;=0.172 8 —0. 000 9a5 +0. 006 525 +0. 006 s —
0.000 429 +0.002 821, —0.002 52,2 —0. 000 32y,

v =4. 541 0+0. 006 95 +0. 156 4a5 +0. 057 55 +
0.255 1ag—0.132 72,, —0. 010 62, +0. 021 1y,

555 dLm 5 2

y;=2.895 0—1.145 72, —0. 026 7x, —0. 004 4x,, +

0.016 913,
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L 5 bl b T 4 B AR R 2 A RS
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W A s As 55 Cu Ph IR FH M C:Pb 55 Zn,
Mn ik & AHOC, B4 R o0 R Z ) /Y 2 A0 G
e B I 2L T0 K 10 ok I AT BEAH T

ARG, e R TS QAR KL Cd
mL.H6a MR AT ARCT) (4 a BB A T AR
CTOVHBEC) AKECN) 175 Je i85 R F 1,
THEEZH Cd g, AR A I Rk G5 %
TR LA K H V) B 5 e AIG, 28 B 4 s R ] O =X
SR 3 I R 4 R 5 Yl ) AR E) K R
C A BB 0 7 e N SIS fR o ) o 9L

BRI 5E AN [R] L A 7 QL e 4 Jm 5 L
Yy BREEHE K 53V T LA B Ak 2 37 0 3 UV AR G AXUK fift
AR AN P 7 BRI B¢ b b R ] A
07 R SBORS AT 48 75 L SRR D B TR 1 S DR AP PE B
FEARD IR 0 W R R AL 2 SR IR
DAY /D 4 398 F G ) o0 A BN 4 v R

W4 D fED

2 % X #
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Distribution and pollution of soil heavy metals of different land-use
patterns under converting polder back into wetlands at Dongting Lake Area

WANG Yue-rong'? LU Qi' ZHOU Jin-xing' ZHOU Zhi-xiang®

1. Research Institute of Desertification ,CAF ,Beijing 100091,China;
2.College of Horticulture and Forestry Sciences ,
Huazhong Agricultural University sWuhan 430070,China

Abstract Based on plot data of poplar forestland soil (I ,,9a; [,,6a; [,,4a; [,,2a),gar-
den-land soil (vegetable soil and fruit soil) (II ) ,nonirrigated farmland soil (Il ,cotton soil; I, ,sugar
cane soil; Il ;,maize soil),irrigated farmland soil (rice soil) (IV) and wasteland soil (V) located at
Qianlianghu polder, Dongting LLake Area,a research was carried out to investigate the distribution and
pollution of soil heavy metals (Cu,Zn, Mn,Pb,Cd, As and Hg) in five typical land-use patterns men-
tioned above. The results showed that in the soil layer of 0 to 25 cm, the highest contents of Cu,Zn,Pb,
As and Hg all occurred in | ;,and the highest contents of Mn and Cd in [, and IV ,respectively. In the
soil layer of 25 to 50 cm,the highest contents of Cu,Mn and Hg occurred in [ ;,Zn and As in [V ,Pb and
Cd in [ll;and T ;.respectively. Soils of pattern [ ,, [ 5, [, and IV were polluted with Cd,and the highest
integrated pollution index occurred in IV and the lowest one occurred in V. The interrelate regularities
between heavy metals and soil physical and chemical properties were found through principal component
analysis and double sieving stepwise regression analysis.

Key words soil heavy metal; pollution evaluation; land use pattern; Dongting Lake; converting
polder back into wetlands
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