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R ZM X TTROMEXR, AXWMET HeF U AT EWEE LR ), 34T
TR, AR 2 AT A, TRMRAFHE RN TRE TR POHXEET NN, #
FEABIE Fe 5 Cr.Cu.Co, Co 5Cr.Cu, Cu 5Cr FEZ M X HER W HXREEH TR
ZHEMRBERKE, EEEREMNAYKVIIB KT EFe. Co.Ni, H T EME FELEMBRA
H+aEE, EMNETRPOREXREYERN THREENAKE, KA EMNEZ IRPHT
B RA AU IE AL,
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Table 1 Statistic values of metal element contents in the soils

Statistics

HHE N Cr Ccd Pb Cu Zn Hg Co As Ti Ca Mg F M
B/ME 1544 878 000 11.54 1421 3590 080 535 407 110 2664 6281 23013 326.35
BAM 2469 1827 0.13 2528 2626 4411 255 1210 11.85 1.48 9277 14094 45620 727.75
TR 2192 1362 000 1934 1874 4051 1.42 865 7.79 128 5152 9977 31297 449.44
WREE 310 395 005 475 394 3.05 057 241 245 0.15 2646 2965 7395 136.80

TR T ERMNAX SRR P T RENAXALY, XA REEE - E
5, i Fe—Ca. Fe-Mg. Co—Ca. Co-Mg%5 7€ T3 i X AR &7, M ETIRY h EMMEER &
BEMHX, XEHTFTHRARYFERT KERGEME R, BN TRFEN T HR
Bk, EBEMAE T HEARYFESBOHEXYE. DESTEYHELTUEL. 1%
F Hg-Zn# M X R B R T ENETRY F MR R E X R R Z He 153 ETE SMRTS
R REHER, WIS T He 5 Zn Z EMAHXRE. HEMTRY F0R Mn SHMTER
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Table 2 Correlation coefficients of element contents in the soils

Ni Cr Cd Pb Cu Zn Hg Co As Tl Ca Mg Fe Mn
N1
Cr 015 1
Cd 024 063" 1
Pb 046 045 0.72°° 1
Cu 032 072" 006 —-0.07 1
Zn 020 -041 -056 003 —-0.16 1
Hg 0.3 -045 -052 021 -0.25 083" 1
Co 064" 089" 029 038 083" —005 —008 1
As —0.13 —024 -034 -038 0.09 0.05 051  —0.03 1
Ti 050 -006 009 043 031 0.01 029 012 027 1
Ca 040 052 -014 018 075 026 0.25 0.80°° 032 015 1
Mg 059" 080" 016 016 088" -015 —0.18 092" 0.13 016 085" 1
Fe 062" 077°° 007 013 092" 005 -0.05 0.95** 003 —005 080 0921
Mn —0.60° —0.14 -043 -0.68" 040  —031 -023 —0.10 048 —046 0.18 0.14 0.06 1

*. P<0.05, **: P<001
MXEEETEARHZAL. P Mn 5N EREBENRMAXRER; MERMRILR
Yirh Mn 5§ Ni A B EMAXE, XMERHERMER, TR b IIRY S5 L8 S E R
BT (pH. Eh) ZF MR EMFERSHERN, A/ TH—HHE, TR TEEREF
MHEXRSHTRIRE SR ERH LT —EXR,

22 ITRIEESETEOERATIN

AT H—BERBETRZAMHEELXR, AXHT T EF/FHRE THEHFRAE
e, B3R 3 BARIEEMAHE B BT BB AT 85% MR, B T 4~ EEF, X 44
EHF F.F,. F. Xt MER 87 2 FERE 5514 40.60%. 21.40%. 20.40%. 9.31%, HHT &
fER & B G RE 92% (%K 3).
MR 4TMAE—EHFEEHITE Ca.Fe. Mg. Co, Cu. Ni., Cr L, XETTRESE —

]R3 LTHMTREXENFEER HRG®E

Table 3 Figenvalues and explained variance of correlation matrix of elements in the soils

FRHAEE TR REHTRE FHF
Eigenvalue Explained variance(%) Cumulative variance(%) Principal factor

5.686 0.406 0.406 1

3.00S 0.214 0.621 2

2.859 0.204 0.825 3

1.303 0.093 0.918 4

0.755 0.053 0.972

0.278 0.019 0.992

0.114 0.008 1.000
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FRFLARBHESHN, IRE - FRFRBT XL RN EERE. E_FHFE
5% - FHTREHRAMEL T, CEM 0 A E & ERA, BuEPb. Cd A 4 xHE
BEWREMN XRHE - ERTFRBRTMn W EREESPL.CINEBEREE: 5—FE
X Mn5Pb.CdZREFMHRMEEEY. EEZFRFESE . “FHFRBHHEAKY
EHRT, RRT He 5 Za WEERE, AN TE Cd E=FH FHRLEHER KK AHE
X XUHAFE=AEEFRBRCAWBERESRE. FHFEEFESE— . =ZFHFREMHEMA
WERT, RBTTE As. Ti MR REE, A diEH — AT EFRAERAMUNIBEL
.
4 BN EEFHORCARREEERAS

Table 4 Eigenvector and the major index for first four principal factors

F E F F
Ni 0.67223 —0.41900 0.37178 -0.13330
Cr 0.91052 —0.19363 —0.33116 0.01694
Cd 0.35692 —0.69360 —0.51499 0.16671
Pb 0.38035 —0.74776 0.21135 0.22372
Cu 0.83903 0.48880 —-0.16077 —0.10624
Zn —0.13387 0.05859 0.82766 —-0.51415
Hg -0.17297 0.04217 0.94659 0.00022
Co 0.98464 0.02102 0.06693 —0.05546
As —-0.03024 0.46636 0.45586 0.70856
Ti 0.13854 —0.47895 047177 0.55204
Ca 0.77914 0.36374 0.39249 0.05819
Mg 0.95284 0.22555 0.02340 0.10022
Fe 0.93262 0.24774 0.10013 —0.18076
Mn —0.08269 0.90290 —0.30815 0.27526
FERR M Fe Mg Co Cu Ni Cr Ca Mn Hg Zn As Tl
gl Pb Cd

FARAPE— F_ERS AR EH 14 N0 8, U F fERBRIE,
PAF, fE A AR BR I P bR, BB 14N R ERSKE (LA 1), HFTR Cu,
Ca.Fe.Mg.Co.Ni.Cr AN —2K, Rt T MR FFE - FRF LR IBERE: Zn 5 He
J3K—2%; 6K Ti. Cd. Pb )3 A —35;5 As. Mn & B A — 3K, A X Fp A BEERRBU B T
FHEFHITER.

23 TMPESRSBS T MERAOEXYE

TP RE-TRESTHEERMHEXRR TREMY RSSO RE—ERREH
THEAAWER. A TAFECESTEERNEEXRRIAESERNE—TEE
£ R E, £ 30847 T8 Ni. Cd. Cr. Pb. Cu. Hg. Co. Tl. Ca. Mg. Zn. As 12"t E 5 +
BUAYR HEFRGE. LLRE OB, MR Fe. Mn, Al 8469 Z RI#IHH X 5 % STl
Y3450 (% 5). :

THFPELBR RS DEERNIHRERZTEASHERE WS, 58RI F
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Fg.1 Classification of measured elements in the soils

BRHEGGENKFEABRKEEAR, X STUFSE N R SHEFSHRELAE THREH
MM, EA N T ERHRE Y ERETHEFRHE: CEHEFSRE. WEE. £
BEMAXXRYIAD T B ESR T E WM XM, A X R0 5k 0.92.0.80.0.77, [6
e A L Cri R A EE AR ETHE FIRRE, HKEWERE, BRAIZSEKH
HH&;Cd Zn He Ti 5AB R H 0 FTAERME X EHREREZKT: P 554, TEE
HEATEEWRHEXNE: Cu 5% SR, Sk iR S4B N IEMEXEEE
ATEERMEEKT, ALK BEAY. ANFEN Cu R AEERBYRMES: Co54
SOAENR, WRE. HEFRBE. KRS SEHEIN TEEFIREEFNEMRXXE,
HAH X R B K/NIT A Fe>CEC>B>0OM>CaCO,; As R 5 3 B S AL 4R 9 AH X & Fik Bl
TEEKF, RHAEENEAES As RARBRRIEES: Ca SRS 25N TEWE
R, SHAMMAXEYER T EZSIRTEENKFE, Mg 528 HEFRRE B
BLWEEMAS. BRRETEOH AU X TEERREEZ KT, 4R, LRERE
LREFEMHATHRHEALSITE EEXTRLEIBRIENXRARISNAR.

A 3R &4 5 R B R/ AT A — 8 AR B b R e R — ] AR g ) 4 SR A R IR
M52 55, A& TR 5 A ALEAH KM TT DA, 2% 13 % 4 T A HLB e o R AR i
iR 4 : Co>Cu>Cr>Mg>Ca>Ni>Pb>Zn>Cd>Hg>As>Ti, 3 B A HL 3 As. Ti 2 514 % %
F; W B E AL kx5 o0 K 0 WM BE S1BUF 8 - Cu>Mg>Co>Ca>Cr>As>Cd>Ni>Pb>Ti>Zn, 5
MBITLE S LR E. B3 TR AT 56 v i B2 B 7T DL o8 3 & 5o B RS ALY, N
Cr. Pb, Cu. Co. Mg 5B FR#{GE WM XERIT, HHENFBEUEFXROEGFE,
BN B R SR % Cr. Co S REZ MFEERFMWM XN, R - F5 18K
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Table 5 Correlation coefficient between element contents and soil properties

Fe Mn OM B CEC P, P
Ni 0.62 -0.61 0.55 0.56 0.68" 0.13 0.08
Cr 0.77 -0.14 0.05 0.80° 0.92"* -0.42 —0.45
Cd 0.07 -0.43 0.25 0.57 0.59 0.04 0.05
Pb 0.13 -0.68" 0.37 0.62 0.49 0.08 0.19
Cu 091"* 0.40 0.70" 0.59 0.65 —0.69" —0.66
Zn 0.04 -0.32 0.32 0.02 —0.15 0.30 0.36
Hg -0.05 -0.23 0.06 —0.06 -0.29 0.16 0.31
Co 0.95"" —0.10 0.78" 0.80° 0.87"" —0.50 —0.48
As 0.03 0.48 -0.27 -0.28 —0.40 -0.48 -0.32
Ti -0.05 -0.48 -0.29 -0.11 -0.01 0.05 -0.02
Ca 0.80 0.18 0.62 0.43 0.44 —0.74" -0.69"
Mg 092" 0.14 0.63 0.56 0.70° —-0.69° -0.71"
Fe, Fe: Mn, Mn. Al Al ) . CAC
Ni — 0.11 -0.55 —0.55 0.09 0.48 0.36
Cr 0.64 0.30 -0.32 -0.03 0.43 0.40 0.49
cd 0.15 -0.14 -0.17 -0.28 -0.11 0.56 —0.11
Pb -0.05 0.13 0.07 -0.67" 0.37 0.47 0.28
Cu 0.89"" 0.4 —0.06 0.47 0.89 0.29 0.68
Zn ~0.43 0.28 -0.02 -0.45 ~0.09 0.08 0.36
Hg -0.33 0.37 0.39 —0.40 -0.32 -0.14 0.36
Co 0.66 0.50 -0.24 -0.05 0.52 0.33 0.77°
As 0.33 0.10 0.80" 0.36 -0.02 -0.40 0.31
Ti -0.27 -0.20 -0.01 -0.57 ~0.64 -0.31 0.10
Ca 0.64 0.34 0.01 0.09 0.48 0.02 0.98""
Mg 0.76" 0.24 —0.18 0.17 0.61 0.19 0.76"

# Note: F'F B %@ Specific Surface; CEC FH# F{U# B Exchange Capacity; P MR & & Clay; P ¥PRI
Sil; OM# #L & Organic Matter; Fe & 8k & & Total Fe; Fe, I B & 4k %k Free Iron Oxide; Fe,7C3E ¥ E L&k
Amorphous Jron Oxide; Mn %4 & & Total Mn; Mn 3% % {t % Free Manganese Oxide; Mn, &
Amorphous Manganese Oxide; Al #f B4 L 48 Free Aluminium Oxide; Al, J25E 2 & 4L # Amorphous Aluminium
Oxide.

HEERREZUYHERH SYEAEREM A E; W Hy SHRAEREN MR XER, 1
WM ROEESHLREAXRME, 5 —FE UL Hg EE LB BERSS Y. ER L
A%, BRI LLRI BT He AL WM 0. DL ESuR 5 M A C ¥ 5 25 30K 3.
4.9F—EBER XETENEE. RERLBHARFMA —EN XK.
24 FTR5IWERRLEEFFANRE

Ni.Hg 5 Zn ZxR 5 B BB E R TBRARE Hit¥ L BEKE, BEEE. Hib
ETEFTBEOBFEA R BANTREYEDT L2 LW EEKF, TRTEHRE
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ABERAREE0OULE, XFEARBT @SR, EAMURBRT ETRE LHHE
MRz EPERERR, W EERT&TREAS R - TTRBFEANREREE, W&
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Table 6 Mathematical models for element contents in relation to soil properties

L] 1§ F EERMBRERYK
Mathematical models Variable K

Cr=5.31-9.72x10""xFe('<0.05) 0.99 761.98""  CEC: 0.84, P:: 0.11
—1.860M(<0.05)+12.14B(<0.05) OM: 0.03, B:0.01
+7.12CEC(<0.01)—0.20P5(<0.01) Fe: 0.001

Cd=0.0387—0.19x10"*x Fe(<0.01) 0.94 20.63"  CEC: 0.34, Fe: 0.44,
+0.18CEC(<0.01)—0.89P;x 10~ (<0.05) Pi: 0.16

Pb=54.67—0.14x10"*x Fe(<0.05) 0.99 43744.8"" Mn: 046, Pr: 0.27
—0.086Mn(<0.05)+1.59CEC(<0.05) Mny: 0.18, Mnz: 0.08
—1.11P(<0.01)+0.06 Min; (<0.01) Fe: 0.007, CEC: 0.001
+0.056Mny(<0.05)

Cu=10.19+0.29x 107> x Fe(<0.01) 0.99 1303.79°"  Fe: 0.84, Mnz: 0.14
—0.01Mn(<0.05)+1.380M(<0.01) OM: 0.02, Pz 0.0073
—0.09P3(<0.05)+0.028Mnz(<0.01) Mnz: 0.005

Co=0.31x10"*xFe(<0.01)—0.99 0.90 51.55™"

As=4.84+0.039Mn;(<0.05) 0.64 10.8”

Ti=0.92+0.17x10"° x Fe(<0.05)

—0.44A1,(<0,01) 0.78 8.97""  Fe: 0.36, Al;: 0.42
Ca=165.04+2105.26Cac(<0.01) 0.95 119.86""
Mg=5720.87+0.30Fe(<0.01)

~—124.09Px(<0.05) 0.94 40.87""  Fe: 0.84, Px 0.10

BRI LIRS (R6), ARITEFBEANSHEEEAER, CrFEHHBEFRRERE. H
TERR A 0.84:;Cd FTEHHE FRIBREBS 2800 &, KR 514 0.34.0.44, Pb FEH
S8R KRR E, R ERE A HN 0.46.0.27; Cu EE 424, TER GGk E, KRR
5350 0.84,0.14; Co FER SR E, HTEE N 0.90; As FEH BB S/, KRR
H0.64:Ti TERLSESHEAMERE, HTIES 514 0.36.0.42; Ca EEHBRBRTGR
A, HTTERE R 0.95; Mg FEA LK EHRRE, HTEES 518 0.84.0.10. MFTEAR
SPEUGHANARERS, HXEHEFRLRE. GEAY. HEIRS, b Lol Dk
B EA Y 3 & T R B BRI R A
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STUDY ON CORRELATION BETWEEN SOME METAL
ELEMENT CONTENTS IN SOILS OF CAOHEKOU AREA,
LIAONING PROVINCE AND THEIR AFFECTING FACTORS

Zhang Shu—xiang

(Institute of Applied Ecology, Academia Sinica, Shenyang 110015)

Yi Yan-li Liu Xiao—yi

( Department of Soil, Shenyang Agricultural University, Shenyang 110161)
Summary

The correlation and their concomitant factors between some metal element
contents in the soils of Chaohekou Area, Liaoning Province, have been
comprehensively studied by correlation and regression analysis. Results show that
correlation coefficient for elements more or less similar in geochemical properties
attained a significant or a very significant level. Four principal factors were selected
by principal factor analysis, they represented 92% of measurement information for 14
elements. Taking the eigenvector corresponding to the first and the second principal
factor as Axis X, Axis Y respectively, the 14 elements were divided into 5 groups,
and regression equations were established for most the elements. It is also shown that
the accumulation characteristic of the clements are affected by the source of elements
and by external environmental conditions as well.

Key words Soil, Heavy metals, Elements correlation, Accumlation characteristics



