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2.1 {hBptEPHNESRETSE

MWFE 1A IE LB+ 5 Fe (& BB,
Cd & BHRMK. XL Fe MM L1+ 5 Ui H
MR, B4E L %35 5% & b fE (GB-15618-
199U  H I E 4B & BT EE, RHE
SRETEARSEF BT Y EERA,

£1 HEEMITHESEESEEFSE

Table 1 Heavy metal ion content in soil of Zhalong wetlands mg/kg

RS Cu Fe Mn Pb Cd Co Cr Zn
1 0.0077 14.816 0.345 0.034 0.0005 0.005 0.033 0. 027
2 0.0095 15.256 0.385 0.034 0.0006 0.006 0.027 0. 024
3 0.0062 11.566 0.274 0.028 0.0004 0.005 0.027 0. 024
4 0.0031 6.494 0.151 0.025 0.0004 0.002 0.008 0.017
5 0.0087 18.006 0.443 0.033 0.0004 0.007  0.027 0. 029
6 0.0048 11.626 0.355 0.027 0.0003 0.005 0.018 0.042
6 0.0066 12.236 0.330 0.028 0.0004 0.005 0.014 0. 007
8 0.0086 11.066 0.266 0.027 0.0006 0.004 0.018 0. 006
6 0.0110 28.256 0.392 0.025 0.0003 0.009 0.036 0. 036
10 0.0036 9.001 0.260 0.023 0.0003 0.003 0.011 0. 006

2.2 LB A PR R
3% 2 AT AEH, 138 pH ¥R F 7, X Ui L ETR

b b ERE , X S X B SR T BRI R R
AR o K B R A 2 SRR B S A 2 el
AR 1.9 R SRR R L X BRI 2 /3 IX G 44
BHEMX A FHER. KA Na & BH Y, X 30
T K # Na Z RIFF7E U IR A Na® 76— 2 R BE B AT 1A
A2 K, Ca™ & BRI, X TRER K i iy A4
KREREMNLEETE . %X B & B8
i, B HXT + 38 b PAHS figt ¥ BA (2 T, 303 3t
X +3e7E—E B ERNFIT PAHSs [REM

%2 LR A
Table 2 Soil properties
BoE pH S8R EC £ K Ca2t Nat Ba2t
/pSecem™! /mgekg™! /mgekg™! /mgekg! /mg-ekg!
1 9. 85 735 13.53 1.93 19. 20 0. 29
2 8.90 266 14. 75 5.11 14. 99 0. 32
3 8.49 210 15. 34 3.29 18.62 0. 34
4 8. 28 161 17. 46 0. 40 17.79 0.18
5 824 176 13. 80 2.80 13. 80 0. 24
6 7.8 150 17. 83 1. 20 17. 83 0. 29
7 8.68 365 16.78 0.79 16.78 0. 28
8 845 175 16. 23 0.71 16. 23 0. 26
9 7.99 967 11. 43 3.75 11. 43 0. 28
10 825 339 15. 54 112 15. 54 0.27
2.3 THEELRESES HEMEAME RS

MERIAUER,. T EELESTES HERAMR
B Z BIFETEE AR AR B A M. A MM SRt 3]
Wi E A, in4e K 5 Fe. 2 K fil Co. & KAl Cr & &
Z IR AE I B B 9 —0. 866, —0. 771 F1—0. 850, pH 5
Pb f#H e tL 3 8 3 , Fe #1 EC,Ca 1 Cr L3 &8 3.
Na™ 1 Fe,Na* fil Co b B &, ELBE FZEEF
TEARFRE WA, A k836 % B3 M IEAHER,
41 Cu I Fe,Co 1 Cu.Cr 1 Cu.Fe #1 Co.Fe 1 Cr LI K&
Cr #1 Co 2 [a] #H 26 2 % 4 51 R 0. 832, 0. 844, 0. 807,
0. 956.,0. 816.,0. 830,

*x3 TRESESEZ AR SEUERIERZ ERHEX R

Table 3

Correlation coefficient between heavy metals content indicators and with soil physicochemical properties

Cu Fe Mn Cd Co Cr Zn

Cu 1

Fe 0. 832* * 1

Mn 0.718* 0. 737 * 1

Pb 0. 489 0. 202 0. 590

Cd 0. 398 —0. 148 0. 000 1

Co 0. 844 * * 0. 956 * * 0. 859 * * —0. 109 1

Cr 0. 807 * * 0.816* * 0. 700 * 0. 147 0.830* * 1

Zn 0. 288 0. 544 0. 548 —0.314 0. 603 0. 609 1

pH 0.182 —0. 082 0. 062 0. 666 * 0. 597 —0. 096 0. 323 —0. 166

EC 0. 505 0.738* 0. 328 —0.193 0. 569 0. 637 * 0.272
£ K —0.753 —0.866* * —0. 585 —0.298 0. 008 —0.771* * —0. 850 —0. 338
Ca2t 0. 670 * 0. 629 0. 606 0. 205 0. 702 * 0.751% 0.470
Na™t —0. 608 —0. 747 * —0.512 0.181 —0. 679 —0. 326 —0. 148
Ba2™ 0. 352 0. 244 0. 426 0. 134 0. 393 0. 525 0. 229

W fRF0OLKPTFEREE; RF0.05 KFTFEREXE.

Note: * * indicates significant difference at 0. 01, * indicates significant difference at 0. 05.
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F @ AR S W A T R U
2.4.1 HELRBESES pHZEMEZROH mEALA
H1,Cu.Co.Zn 433 %F pH #RA 1R /N £ ) ELBEAEFH L (H
i 12 1F [ 4 el R L 4% Co.Fe Mn.Cr,Pb.Zn 5 pH
ZEEA—ERIEMREYE, Pb Xt pH FI T HIEIE M

YERL B4 G N T pH ACEKHE . Fe XF pH IE (1]
B AR R AR /N, 5 I 55 67 1) 4 Ta) SR i
# Co.Cu.Mn,Cr.Pb.Zn.Cd fil pH Z [a] A — & K fi
#%. Cd.Mn.Cr 451X pH A IE o] B84, 238
RAH a1 L 848 Cd Mn.Cr 4515+ pH AIAH
KMETFME. Zn X pH R B R ) B EAEH , 38 15 1
B4 F 9 38 I 45 Co.Cu.Mn,Cr.Pb.Fe.Cd 5 pH
HIEAME K .

F4 ESERELS pHZEWBER S
Table 4 Path analysis between heavy metal content and pH
HEMEH 5 pHMXRE B 424 P e 3 2 R B0
GARABD  (HXERD Cu Fe Mn Pb Cd Co Cr Zn

Cu —1.945 0.182 1. 253 0. 152 0. 244 0. 349 —0. 477 0.797 —0.192
Fe 1. 507 —0. 082 —1.618 0. 156 0. 100 —0. 130 —0. 540 0. 806 —0. 363
Mn 0.212 0. 062 —1.397 1.110 0. 293 0. 158 —0. 485 0. 691 —0. 366
Pb 0. 497 0. 666 —0.951 0. 304 0. 125 0. 527 —0. 190 0.542 —0.188
Cd 0. 878 0. 597 —0.774 —0. 223 0 0. 298 0. 062 0. 145 0. 209
Co —0. 565 0. 096 —1.641 1. 440 0.182 0. 167 —0. 096 0. 820 —0. 402
Cr 0. 988 0. 323 —1.570 1. 230 0. 148 0.272 0. 129 —0. 469 —0. 406
Zn —0. 667 —0. 166 —0. 560 0. 820 0. 116 0. 140 —0. 276 —0. 340 0. 601

2.4.2 ERRBRGES ECZNEMERST mES A
A% i, Cu Pb.Co.Zn X By T R AR/ £ 1) B HeAE
A8 3 IE 1 B9 o] 4 AR T {145 Cr.Cd Fe,Mn 51 &
RZIEBA—ERIEMHE. Fe X G AR IE [0 1) H#

VEFRAR/I SR T 1) B (] 3 AE AR K. Cd X e R A
AR/INBIE 1] EL AR o fELR S0 160 e [R) B4 T RS AR K
CrMn X o 3R F LA AR KA 1 149 18] = A4F T 45 Crs
Mn X o SR AR S T

x5 ESESES5S EC Z BHER O
Table 5 Path analysis between heavy metal content and EC
B $4 F
HEfER 5 ECHXRN Cu Fe Mn Pb Cd Co Cr Zn

Cu —2.292 0. 050 2.436 0. 239 —0. 144 0. 388 —0. 621 0. 639 —0. 142
Fe 2. 928 0.738 —1.907 0. 245 —0. 059 —0. 144 —0. 704 0. 646 —0. 268
Mn 0. 333 0. 328 —1. 646 2.158 —0.173 0 —0. 632 0.554 —0. 270
Pb —0. 294 0. 007 —1.120 0. 591 0. 196 0. 585 —0. 248 0. 435 —0. 139
Cd 0. 975 —0.193 —0.912 —0. 433 0 —0.176 0. 080 0.116 0.154
Co —0.736 0. 569 —1.934 2.799 0. 286 —0. 099 —0. 106 0. 657 —0.297
Cr 0.792 0. 637 —1. 850 2. 389 0. 233 —0. 161 0. 143 —0. 610 —0. 300
Zn —0.492 0.272 —0. 660 1.593 0. 182 —0. 083 —0. 306 —0. 444 0. 482

2.4.3 ER&FES2 KZEM@ERST HmER6 AT
LA i, Cd X K #RA R/ B ) B4R A (R i 1E 1)
TR EAE R, Co.Fe Zn,Pb,Mn,Cu.Cr 54 K Z i &
A —EMIEMXME, SR, Cu,Co.Zn 43 HIXf 4 K IE 4]
ELEAE IR S MR AR /0N o (ELE A 88 R S ol 4 i) 4 4 T 4

Fe.Cd.Pb.Mn.Cr f14: K Z M BA —E W HitHx%. Pb,
Mn,Cr 435I%F K ) B4R 6, (E38 8 67 1) () B2 AR
FAREAN T Co.Cd.Fe.Cu,Zn 54 K fyfitH M, Fe
X4 K 5 ) EEE T , A 1E 1) (B B4 A 3 n f 45
Co.Cd.Zn.Pb Mn,Cu.Cr 54 K IEHX,

= ‘ vz
*6 ESESESE KZEANEBEESH
Table 6 Path analysis between heavy metal content and total K
k2 (5]
HEER 5 KHEXRE . . . .
Cu Fe Mn Pb Cd Co Cr Zn
Cu 0. 830 —0. 753 —1.397 —0. 109 —0.039 —0.073 0. 543 —0. 647 0.139
Fe —1.679 —0. 866 0. 690 —0.112 —0.016 0. 027 0. 615 —0. 654 0. 263
Mn —0.152 —0.585 0. 596 —1.237 —0. 046 0 0. 552 —0. 561 0. 265
Pb —0.078 —0. 298 0.413 —0. 339 —0. 090 —0. 110 0.217 —0. 440 0.136
Cd —0.183 0. 008 0. 330 0. 248 0 —0. 047 —0. 070 —0.118 —0. 152
Co 0. 643 —0.771 0. 701 —1.605 —0.131 —0. 026 0. 020 —0. 666 0. 291
Cr —0. 802 —0. 850 0. 670 —1. 370 —0. 106 —0. 043 —0.027 —0.534 0. 295
Zn 0. 484 —0. 338 0. 239 —0.913 —0. 083 —0. 022 0. 057 0. 388 —0. 488
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2.4.4 EEEES G ZEMERS mRTA
LAF i Cu.Pb.Zn 735 %F Ca** HRA AR/ 7 1) ELHEAE
A (B3 5 TE 16 B ) B4R 7% Co Fe Cd Mn..Cr 5
Ca’" Z I AA —EIEM RN, Co.Cd.Fe 2} 5I%f Ca™*
RN IE 6] B H AR, fELIE Ao % 17 16 F) ) 42 4 P £

15 Co.Cd.Fe 435I} Ca™" FIFHRME T FE, Mn X Ca¥* 3k
BT EARIE W, 10 (a4 A3 N T Ca™ f) SRR
VLB Mn 3} Ca™* ) IE [0 A AR, 1E il ] 424 AR
/N Cr X Ca®" RIL A B IE mAEFEEN A T
ANE B [V E (78 Cr X Ca™ BUARSCHE TR .

x®7 ESESES CI ZAHER SR
Table 7 Path analysis between heavy metal content and Ca?™
- 5 Cat % B $4 F
A Cu Fe Mn Pb cd Co cr Zn

Cu —8. 651 0. 670 2.188 0. 426 —0.719 2. 050 4. 840 0. 765 —0. 230
Fe 2. 630 0. 629 —7.198 0. 437 —0. 297 —0.762 5.483 0. 774 —0.434
Mn 0.593 0. 606 —6. 211 1. 938 —0. 868 0 4. 926 0. 664 —0.437
Pb —1. 471 0. 501 —4. 230 0.531 0. 350 3. 091 1. 933 0.520 —0. 225
Cd 5.152 0. 205 —3.443 —0. 389 0 —0. 883 —0. 625 0.139 0. 250
Co 5.735 0.702 —7.301 2.514 0. 509 —0. 496 —0. 562 0. 787 —0. 481
Cr 0. 948 0. 751 —6. 981 2. 146 0. 415 —0. 808 0. 757 4. 760 —0. 486
Zn —0. 798 0. 470 —2. 491 1. 431 0. 325 —0.415 —1.618 3. 458 0.577

2.4.5 EE£BETES Na' ZHERM @EidE 8
A AFE H,Cu.Cr.Zn 43 HI%F Na® B34 AR/,
B 38 3 2 1) o ) 4 i Cd.CoFe . Mn,Pb %} Na* 22
HEA -, Pb5 Na® =4 T 5[] () 8] 824
FH f#18 Pb Xf Nat fAHEHE T FE. Co.Fe 43 5% Na*
FBL R G ) ELREAE R, A K A 1E ) [R] 3 4E L, #1458 Co.

Fe 43 HI%} Na™ M5, Mn X} Na* F B h i ) B %
YE R, T 38 3 1F ) 9 8] 24 A 4# Cu Cr.Zn Pb,Co, Fe,
Cd %t Na* 2 1EAMSE. Cd X Na® A 1R /N 67 [0) EL#EAE
FH B 238 1 R EEAE A i Cd X Na® BAA —E M ffi
K.,

x38 ELESESE Na" ZENEES
Table 8 Path analysis between heavy metal content and Na™
AR 5 Nat M€ ‘ k2 (5] ‘ ‘ ‘
EX¢ Cu Fe Mn Pb Cd Co Cr Zn

Cu 1. 637 —0. 608 —1.720 —0. 370 0. 263 —0. 474 —0.576 0. 566 0.072
Fe —2.068 —0. 747 1. 362 —0. 380 0. 107 0.176 —0. 653 0.572 0.135
Mn —0.515 —0.512 1.175 —1.524 0. 312 0 —0. 587 0. 491 0. 136
Pb 0.528 0.116 0. 800 —0.418 —0. 304 —0.715 —0. 230 0. 385 0. 070
Cd —1.191 0. 181 0. 652 0. 864 0 0. 317 0.074 0.103 —0.078
Co —0. 683 —0. 679 1. 382 —1.977 —0. 442 0.178 0. 130 0. 581 0. 150
Cr 0. 701 —0. 326 1.321 —1.687 —0. 361 0. 290 —0.175 —0. 567 0.152
Zn 0. 249 —0.148 0.471 —1.125 —0. 282 0. 149 0. 374 —0.412 0.427

2.4.6 ELBAFRSES B ZHEMERST BHEE9
Al IAS50, Cu Pb. Zn 435I %} Ba® 78 1R /1N 1 ) B 42 4E
A, B2t Co.Cd.Cr.Fe.Mn K IE [ i 6] B4 F ,
Co.Cd.Cr.Fe.Mn 5 Ba*" Z [0] A — % i 1E H %
Mn,Cd.Co.Cr 43 I %f Ba"* 34 1E 10 EHAEH (B2

i#id Cu.Pb.Zn Fe =4 T ARIKH 17 1l (] 424, 75 T
Cd.Co.Mn,Cr 43|} Ba" fIAHKHE T FE, Fe Xf Ba®"
B AR/ CEHER R4 0.062) ,{HZi# i Cu.Co,
Cr.Zn.Pb.Mn #YIE il [8] B AE AR A, TSN T Fe Xf
Ba”" AR

= 24 3 N T 4
*9 ESLESES B ZEANEESH
Table 9 Path analysis between heavy metal content and Ba?*
5 Ba2t #13& [EIEE3 (5
HiEER . . . .
EX¢ Cu Fe Mn Pb Cd Co Cr Zn
Cu —7.396 0. 352 0. 052 1. 106 —1.179 1.777 4. 466 1. 815 —0. 288
Fe 0. 062 0. 244 —6.153 1. 136 —0. 487 —0. 661 5. 058 1. 835 —0. 543
Mn 1. 541 0. 426 —5. 310 0. 046 —1.422 0 4. 545 1. 574 —0. 547
Pb —2.411 0. 308 —3.617 0.013 0. 909 2.784 1.783 1. 235 —0. 282
Cd 4,464 0.134 —2.943 —0. 009 0 —1.447 —0. 577 0. 331 0. 314
Co 5. 291 0. 393 —6. 242 0. 060 1. 324 —0. 813 —0. 487 1. 867 —0. 602
Cr 2. 249 0. 525 —5.969 0. 051 1. 079 —1.324 0. 656 4. 392 —0. 608
Zn —0.999 0. 229 —2.130 0. 034 0. 844 —0. 680 —1. 402 3.190 1. 370
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Study on Correlation Between Soil Properties and Heavy Metals Contents Isolated from
Soils of Zhalong Wetlands

HAO Yu,ZHANG Yan-fu,LIU Lijie,PAN Lin,JIN Zhong-min
(College of Life Science and Engineering,Qigihar University,Qigihar, Heilongjiang 161006)

Abstract; A correlation between the soil properties and heavy metals contents isolated from soils of Zhalong Wetlands in
Heilongjiang was studied using correlation analysis and path analysis. The results showed that there was extremely
significantly negative correlation between heavy metals and total K,Fe and total K,Co and total K,Cr and total K the
relative coefficients were —0. 866, —0. 771,and — 0. 850; however, there was extremely significantly positive correlation
between heavy metals,Cu and Fe,Co and Cu,Cr and Cu,Fe and Co,Fe and Cr,Cr and Co the relative coefficients were
0. 832,0. 844,0. 807,0. 956,0. 816 and 0. 830;Pb,Cd,Cr and Mn had strong positive direct effect on pH;Cd indicator had
the lastest positive direct effect on conductivity;Cr and Pb had strong negative direct effect on total K;Pb,Cd,Cr and Mn
had strong positive direct effect on Ca?t ;Pb had the lastest positive direct effect on Nat ;Co,Cr,Cd,Mn and Fe had the
lastest positive direct effect on Ba?* ;as well as soil properties indicators also had indirect effects on heavy metals through
other indicators.

Key words: soil properties;heavy metals;correlation analysis;path analysis
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