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- 1066 -

oW 5 b ® 46 45

] G VR A0 Jo W 4 0 00 R A SR T e
PEOM AT RS 5 B2 | BT A M 5 R TG 3R 0 i v
A 25 B2 YPE VP I 4R IR B T &

2.2 HIESREBRTFMNFE

RIZFE T HEFE 500 38 1 58 1 93 i e
Pearson fHICPE3 M 7E SPSS 21. 0 B4 A58 i, 2%
JH Arcgis 10. 2 B fF2x i 5d BAS JTU R 25 W] o3 A 8]

H TV NSRS S X L SR TR
AR5 2 BT 4R AR R R, — PR IRUPE T R Sc,
Ze Ti Fl ALAE RS HLOCR 2 X 4 FOCERE L
et S AU R Kol g R PR E
ARRFEIICRB R RZE(C,) L LRIZFRE L
B2 I 22 57, RITCR BU( Se) TEANZ FIIR)Z L
Bt b Bom BAB/NR R R (C, 30N
0.155.0.241) , A ESRIHINALRETI (£ 1), N T
WD PREE A BTS20 A IR TT R ST as R
Sec fEREAL S TR TR R LIR)Z L 5Erh
IR EERE AT,

Coy /Coss
) Cifsxé /Cch‘aé ’

g WEEREG Cy  Cop MARIZRRZ +
B ESEICRM S i Cg oy Co 0B R IZ RN
JZ A3 Se TR & .

q (D)

3 4PR5THE

3.1 St irAnbER{L F4FE

STV R 8 5R )2 R E AR S R
Wk 1 PR BB IE A R ORE e
i S RZE(C,) MbrAER 2, 318 H Kolmogorov-
Smirnov F 56 (345 fi B2 FIEE BE ) SR PEAN £ 48 4R 7 A
IESYE, MR 1 Al R)Z L1 8 Moc R ML
ZBUIF A Hg>Cd>As>Ni>Cu>Zn>Cr>Ph, )2
1 8 FhonE AR S5 RBUIT A As>Ni>Cd>Hg>Cu>
Cr>Zn>Ph, ik L, HEEIGRE T ENL TR
BNCINT 60%) , Hord Ph A8 7 RBUR /N B 1
FHEB B (FR)Z 1,059 5, )2 1. 064 £5) , 0
W98 X+ 48 e R & ) o A 52 B — e R
AR R T
3.2 REIESEETESESH

RETIEP TR RRIE— MG )

K HSRHZERE W T LT R ka2
NG R . ARG =07 8
P R IR A 8 e REA S B TR 5=
HY T3 1,8 T — DA H 48 T R 1501 FF
fIE, R SPSS 21. 0 3 f4F4r il 2zl 73R )2 8 FhE 4
JRICRME TR FFIEE (K 2 Bl 3) . =I0F )5
2 3% As Ni Cr.Cu.Pb.Zn Cd Fl Hg Ay F1
AR 8. 85%107° 25, 69%x107° . 65. 09x107° .
21. 76 x 10°, 25. 62 x 10°, 63. 52 x 10°°,
0.083x107° F10.034 x10™°, 5T H L A 2
HHEA L, Cd Hg Zn FF I EE R T A BEAL,
1fi As,Cr,Cu ,Ni Pb “FIER T HRIBILAE T 5 {E.
X B G AR R IR IE 5010

i FEOAN R B 28 A A i 62 3 8 o &R
AR RS TT, WF 1 iR BE RO AR TR A B+
b As (Cd \Zn &SR 10.32x107° 0. 093x107°
72.45 X107 B A BE 5T 4 38 55 4k 5 5 B BUA AL
FH ST P S 28, 03x 1070, i 5 T H b A
Jo 48 BRI JOLEE Y 3 Cr Cu Ni F 5505
7 73.79%x107°, 23.18x107° . 28. 20x 107°, 1,45 Hifth
BRI A A e R BRI A X R 4
JBICER & 1A W W5
3.3 REIESEETESEND

WZ BiEh T2 ARG s m i/, Rt
T A BB ICR S EAE, RZ LD 8 Fh
SIBICE RS AR 4 FroR, AR A
ATLAE WS, Cr P38 & fm (71, 40 x
107°) , Hyk & Zn(71.33%107°)  Ni(28.42x107°) |
Pb(25.97x107°) .Cu(21.98 x107°) . As(1l.16x
107°) .Cd(0.075%x10™°) Al Hg(0.036x10™°) , AF i
AREF ) R As Cr Pb & 45 h 12, 58 x
107 .84. 87x107°,28. 17x107°, # Hofth BF JFi + 3 1
Kl A BB £ G, NiLZn B Bk
93.37x107° 41.64x107° 80. 67x10™°, B i & T~ HiAth
RT3, )2 R Cd A, Hifl 7 FoT R FE M
HERZLIESERTRZLESE, 5RELET
(R 3 A AEARL, TR 2 4 v 8 Fhoe AR B ) | 3
A 7R R N IEZS 5341 (BT 5)
3. REIESESEARTELA

FJZE I T BRI TP B A B
S A ER AR TR 2 A 498 U] s e g - B B ) b BT



- 1067 -

VTP M T RT3 4 AT SR P38 00 25 TE56 4347

AR

Kiz

5

Y1 TFL6'TT 91 "TF08 0L 1 IFL9°LT 1T 1¥88°ST 60€ "T¥2€0 0 €2°1%0°0C LT T¥66°99 LT TF180°0 LETFIE 6 o-O1/ (ZEH TR f57 A )
v°S1~9C°8 L80L~L 9% 9~ 0T T9S~1 €l ST 1~910°0 8°€E~G 11 0L1~6"9€ $6T0~0£0°0 S0 "€€~08 '€ o_OL/[H TREEXE
0T Tl 12761 9¢ "Y1 €L°TT L0861 0T 0T 91T £8°0¢ 61 8¢ % /W T
0T Tl 06 '69 08°LT 09 °$T T€0°0 01°0T 01 '89 1800 0L'6 o-OL/ ¥ T} ch
90Tl SSIL €0 8¢ €L°9T 6£0 0 0t 0T 91 "69 $80°0 €0 01 0O/ B} A
1ST=N"E2E LY
€1 1FST Tl 81 "1F91 °S9 TLIFP0 LT TTIFY6 YT S9T 1%2€0°0 81 "1F€T 1T SLTIFSH L9 $E€ TFLLO 0 6T 1F68°6 0-01/ (ZEHWYFH) r-A )
81~85°9 L611~%b 9°9v~6 61 T°L9~€°6 081°0~810°0 6£~6 L°191~$8°6T Sty 0~T€0°0 v 6l~TE Y o-OL/[EH TR
0L €l 01 81 8L11 SS 1T LS°LE Se 8l St 81 86 v SYve D/ N T
or Tl 06 €9 01 LT 09 '¥T T€0°0 0€°1¢ 08 '89 LLO 0 or 0l - OL/XET) ch
€Tl v 99 67°LT 1L°6C €00 81T 81 °89 €800 S1°01 o OL/B} g4
18y =N Z(2E 11k
Y1 TFLTTL 8T "TFLY 0L IT°IFL9°LT € TF19°9C €0€ ' TF1€0°0 €T TF46 0T LT TF6€ 89 0€ "1¥€80 0 TEIFIL6 o-O1/ (ZEHMHFH 574 )
TLI~9L79 ¥°€1T~00 Th 0T "€S~0% 61 01°29~0% 01 852 °0~S10°0 S1°6S~S1 76 8°L61~0p 1€ 06L°0~£20°0 0L '65~¥8 "1 o-OL/[EH TR
10°€1 TeIe 6¢ Tl 00 €T 78°0S T0°vC 19°0C 11°6S vy o1y %D/
or Tl SO 1L or LT 0$ '9¢ 0£0°0 SvIT 00 0L €800 866 0-OL/ 3T ch
6T Tl SYTL 06 LT 11°LT $£0°0 ¥9°1¢C 86 69 €600 z€ 01 0O/ B} A
YSY=N“E( LWL
9L 'IFI9°11 1T 1F91°6S 80 1FCI ST 1T 1F00 ST €STIF1E0°0 YT IFTS 1T 61°1%98 ¥9 TrTFPLO 0 9T '1F96 L 0-01/ (LR WHFH) Fr-A )
1°61~6C LTI~y Lt SL19~T°6 6°LY~80°8 986 °0~€10°0 vo6v~v 9°1TI~S 91 L91 "1~600°0 St oEr~08 1 o-OL/[H TR EEXE
€661 Sv 0T 916 19 °61 €LY 6£°1¢ 181 9¢ v SS°LT %/ W
0811 00 '8 01 ST 08 '¥C 1€0°0 ot T 0L°$9 TLO0 00°8 o-OL/ ¥ T} ch
S9°I1 LY 09 81°6T €v ST T€0°0 88°1C 0S "$9 6L0°0 17°8 o-O1/B) A
€8€8=N"Z(F¥hitk
w 669 ¥vC €T 0%0 0 1C S 65 8100 v11 001/ [ HIE ELE D B RS
TTIF T 61 1F¥F L €1 1¥C8°ST 1€ 1F8Y LT YETFPE0 0 TEIF8LIT 61 1F11 €L 0% "TF1L0°0 Y€ 1705 01 0-01/ (ZEHMYFH) A )
9°4T~9°1 S THI~8 €l 9°6v~SL 01 ¥ YT~ ¢ ¥LT0~900 "0 $T'86~S°T 9°1L£~9°6 9¢ "0~€10°0 STT~T8°1 o-OL/[EH TR A
I1°%¢C L9°0CT ¥8CL Sy '8¢ € e LT 0€ SL 6T 09 '9¢ LO°1S D/ T
1€l 9°¢L €°9C 0S "6C S€0°0 9°¢€T 0€ SL TLO0 0801 o-OL/ T} ch
L1°TL €€ 1L L6°ST Tr 8¢ 9€0°0 86°1¢C or 1L SLO"0 9111 0O/ B} A
L69T =N ‘HF EHMBT
6L°01 L 0L Tt 8°TC L£0 0 0T 9°8¢ 9800 €L 0-Ol/ e BREELE V BT
9L "IFCL 1L 1T 1%60 79 01 '1¥€S°ST TT1¥90 ST 78T IFTE0 0 ¥T 1F8E 1T 81 1FLT V9 6€ ' TF9L0°0 0€ IF1¥°8 0-01/ (LR WHFH) Fr-A )
6°1T~€T 1°6TT~Y ¢ £'89~¢°C LP1~8°S STI~E10°0 YL~% 182~S 91 0FL "1~600 "0 8°911~08 1 - OL/[EH TR
1S°S1 L8°0CT 0L 0L €L°TT €L vS 91 ¢ 8L "8l €8°0$ 97 °LE D/ T
611 29 $°sT 06 7T 1€0°0 06°1¢T 0€ °$9 SLO0 or's -0/ 3T ch
SLTL T6°€9 79°ST 69 ST €00 9L°1¢T 60 °S9 €800 68°8 o-O1/H} A
€L86=N‘HT ZEWE
oIS uz qd N SH ny o) PD sY %z

ureld sueifueg woaj sfrosqns pue s[rosdo) ul SJUIWIP [BIdW AABIY JO Bjep [BdNSHe)S YL, [ dqel

HEESEVLESEFHFTHY M HEHELTI=

¥



46 %

oW 5 b ®

- 1068 -

ST TF61 vl ST'TFLI 08 01 'T¥88°ST LE TF6T €€ LT'TF9£0°0 1T 1F€8 '+C LT T¥66°C8 ¥€ "TF9L0 0 €T IF60°11 o-O1/ (TR A )
€¥T~S1 9 STHI~8°Th S0v~T vl ¥ v6T~S Sl SIL0~€10°0 1°9L~T 01 9°79¢~1 Sk €€°0~T€0 0 ¥ °8T~6€°T o-OL/[H TR
8L°61 1T°L1 st £6 °88 8L 6T 89°9¢ 6v 1t 9T °9¢ SS1E %/ W E T
Tl 9°08 1°9¢ 09 °T¢ 9€0 0 08 ¥¢C 0T 18 6L0°0 601 o-OL/ ¥ T} ch
0€ Y1 L9°08 TLST 91 L£O°0 £€6°9C L€ €6 180°0 LY 11 o-O1/Hl 4
SOT =N ‘F¥EMY
91 "1F6LTL L1 1¥8€°9L TL1F8Y LT €T 148 8T TEIFSE0 0 LT 1FEE°1T 91 'T¥CS 8L 62 °1%0L0 0 TETF9T 01 0-01/ (EHWYFH) Fr-A)
€ ¥T~8C L L'LIT~% 8 1°66~T ¥l 6°20C~66 821 °0~S10°0 1°9L~1°8 1°1ST~6"tC 91 0~1+0 0 €°1T~TL°€ o-OL/[EH TR AN
€L LY 6L°S1 9L 11 97 '89 It °LE 99 p¢ 6T T €69 6¢°LT % /W E T
1€l 9°8L L'LT 0% "6C S€0°0 09°1¢ 0908 1L0°0 011 0-OL/ X T ch
96 °CI 6€°LL 0S LT 60 T¢ 8€0°0 79°TC 06 €8 TLO0 € 01 o OL/B} 74
PEL=N“E(ME MY
LT'TFL6'TL LT TFSY €L I1°1F€T LT LT 1%SY 8T TEIF9€0°0 ¥T 1%98 'TC 91" 1%79 6L 0€ "I¥0L0 "0 ¥T 1F66 01 0-01/ (EHWYFH) FrA)
T61~96°¢ €°801~S 6¢ €°0v~08 LI 00°89~69 SIL0~€10°0 9°0v~LY L 081~SL SI 0Z°0~L10°0 ¥°82~99°C o-OL/[H TR
9L°L1 06 71 IL°11 997 sTTe £€6°TC 66 0T LS0€ 19°8C D/ T
0T €l 00°SL €°LT 0T "6C L£0°0 9°¢€T 08 6L 1L0°0 0€ 11 0-O1/ X T ch
1621 SIvL LT €9 °6T 8600 €0°€T 79 °08 €L0°0 €11 o-OL/H} A
161 =N E(¥ 12k
9L "I¥16 Tl 81 "1¥9S 9L 11 1¥81°8C €T 1¥16 '8 8¢ IFH£0°0 67 1¥81 'TC 91 "1¥$0 T8 TEIFILO0 8T 1F¥6°01 0-01/ (GEHWHFH 1A )
9°vT~96 T SLII~IT €°0v~SL 01 PYSI~T'S 821 °0~110°0 ST'86~S '€ € 10€~6 Tl 81°0~820 0 STT~LTT o-O1/|5 TR EE X%
0F 61 L1791 SLTL €6 Sy 9T 1% 2007 9L €€ v0°1¢ 95 0¥l % /T
oF "€l 0L 8L 8T 08 "0¢ T€0°0 ¥°€C 05 €8 €L0°0 0T 11 o-O1L/ 3T ch
$8°CTL SI°LL L1°8C ¥0 °0¢ L£O0°0 €5°€T L8 "8 SLO0 86 'TI 0O/ Hl A
SIT=N"E¥F M
8T 1¥50 Tl 1T 1F08 0L €1 °1F00 9T TEIF LT €€ TFPE0 0 SEIFE9 1T TTIFSL 1L SY1F0LO 0 1€ 1%0€ 01 0-01/ (ZEHPYFH) Fr-A)
9°4T~9°1 8°0TI~8 €l 9°6v~¥l 691~ ¢ $60 "0~900 0 6°8€~S°T T9C~9°6 TT0~EI0°0 STT~SE°T o-O1/|5 TR EE %
61°ST 6C°1¢ €6 Tl LT 98°LT 61°6C 88 ST LyLE ey % /T
0T €l 09 2L 09 "9¢ 0€ 0¢ 9€0°0 0€'¥T 0€ 9L 0£0°0 901 0-O1/ X T ch
20°Tl 11°0L 60 °9C 66°LT 9€0 0 88°1C 19°69 ¥40°0 86 01 0O/ B} A
YITC=N"Z¥ ¥l
€1 TFHL Tl 81 'IF66 99 TLTF6Y 9T 1€ '1¥26 9T 9LT TFTE0 0 €C°1%69 T ST IFSH 1L 1€ 1F6L0 0 0€ TF¥8°6 0-O1/ (ZER Y FH 14 )
8 IT~IS "L €601 ~S¢E "€v 09°LE~€ L1 0S'$9~8°S1 $60°0~610 "0 TEP~S0 €l € €91 ~SP 0T 0~ 1+0 "0 08°€9~9L "V o-OL/[H TR EEXE
0l 8% 91 €L 11 90 1€ 9% 6T LL"1T 6T °ST 96 8¢ S80S D/ T
0L°Tl S0°L9 0% "9¢ S1°9¢ 1€0°0 06 7T 869 080 °0 666 o-OL/ M T} ch
98Tl ¥8°L9 69 9T 0T '8¢ €€0°0 81°€C 6L €L €800 6801 o-O1/Hl 4
YOE=N“E(FZ MY
S uz qd N SH ny i) PD sY %z




5 3 AR PV IS VS U & I e S i S (WS A PSE DB I ha w g ) - 1069 -

B /%
(73]
Lo

0.270.47 0.67 0.87 1.07 1.27 1.47 1.67
1e[w(As)/104]

50
40
30
20

B /%

1.471.57 1.67 1.77 1.87 1.97 2.07 2.17
1g[w(Cr)/10]

50
40
30
20

B /%

-1.83-1.73-1.63-1.53-1.43-1.33-123 -1.13
lg[w(Hg)/ 10

50
40
30
20

B /%

1.07 1.17 1.27 1.37 1.47 1.57 1.67 1.77
1g[w(Pb)/10]

-1.83 -1.63 -1.43 -1.23 -1.03 -0.83 -0.63 -0.43
le[w(Cd)/10°]

0.97 1.07 1.17 1.27 1.37 1.47 1.57 1.67
1g[w(Cu)/10-]

1.07 1.17 1.27 1.37 1.47 1.57 1.67 1.77
1e[w(Ni)/109]

1.47 1.57 1.67 1.77 1.87 1.97 2.07 2.17
1g[w(Zn)/10]

2 REITERRSESHEAE

Fig.2 Histograms for heavy metal elements in topsoils from Sanjiang Plain
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Fig.5 Histograms for heavy metal elements in subsoils from Sanjiang Plain
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WELHE P EEBITRZEMHCRE(£2),
ZER IR Cr,Cu  Ni 1 Zn 43 91 2 8 3 FAH G (M
XZH00.3~0.6,P<0.01), PiHI %2 T rhix
HEBETRITERETRZ LR &
DB NEKFESW T4, (H)&, As . Cd Hg F1 Pb
FEAS[R] A BF 25 X 34 I s A DG PR 55, B = V1%
JRRJZ R As Cd Hg Al Pb ] RE3Z2 3 A KT
SRS, anel Az 7= rh 0 4k 25 FAR IE i it FH 45

k2 SIIFERERRETERESETLZAHEXRY
Table 2 The Pearson correlation coefficient between
heavy metal elements in topsoils and

subsoils from Sanjiang Plain

. Pearson H1K Z %k
R TamE BRE GRE GRE K
As 0.018 0.009 0.380"* 0.266"° 0.216*"
Cd  0.332"" 0.178" " 0.176" " 0.091 0.140"
Cr 0.602"° 0.185°° 0.480°° 0.395"" 0.625""
Cu 0.584"" 0.308"" 0.440"" 0.512"" 0.414""
Hg 0.137°° 0.250°° 0.218"*  0.100  0.249" "
Ni o 0.500% % 0.252°°  0.527°° 0.488°° 0.449" "
Pb  0.264"" 0.206°" 0.268" " 0.367"" 0. 045
Zn 0.314" " 0.333"" 0.299* 0.203"" 0.470" "

TE: 7" " FIRAE 0. 01 RBIAR R, « ™ " RIRTE 0. 05 Z)
AR R

4 4

1) =YL J5 A 48 SR 1 30 A BE i K 4R
ok, bR Cd 4, R)Z LIEPESLEILE As Cr . Cu,
Hg Ni,Pb fll Zn % & (8. 85%x107°,65. 09x 107°,
21.76x107°.0. 034x107° 25. 69%x107° 25. 62x10°° |
63.52x107°) AR TFIRZ L1,

) RZMW)Z LM ESLJREITE Cd . Cr Cu,
Ni Pb Fl Zn 25 [8] 53 A1 58— 350, R BLA AR AL TNy
MR A B T o 2

NRIZMXM TREZELENEE B TREER
B/INT 2 AU S R E Cd He As B R
AETEARRNT 3 1 (AL, 7308 43 1 DX W] fig 52 BN 2615 3
[ Z N sE ]

4) TEAR[RI B A 5T X8, %2 AR 2 R b
4 JEICE Cr.Cu Ni Ml Zn W E B EFAXE(MHER
$0.3~0.6,P<0.01) ,RULZ TP XL H 5w
JUER FEY ORI T BT,
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Abstract: Geostatistical and multivariate analyses are effective methods to determine the source of heavy metal elements in the soil.

The comparison of the contents and distribution of heavy metal elements in the topsoil and subsoil in different geological setting areas

can provide a basis for studying the sources of heavy metal elements in the soil. As one of the areas with concentrated marsh wetlands

in China, the Sanjiang Plain has a temperate humid and subhumid continental monsoon climate, is an important grain production base,



5 3 AR PV IS VS U & I e S i S (WS A PSE DB I ha w g ) - 1075 -

and has a low degree of industrial activities. This study investigated the main factors affecting the distribution of heavy metal elements
in the soil of cultivated land of the Sanjiang Plain on a regional scale. Samples were collected from the topsoil and subsoil of the San-
jiang Plain. The minimum, maximum, median, and average contents, coefficient of variation, and concentration coefficient of eight
heavy metal elements (i.e., As, Cr, Cu, Hg, Ni, Cd, Pb, and Zn) in the samples were calculated. The results are as follows. The
Sanjiang Plain has superior soil environmental quality. The topsoil samples had slightly lower contents of heavy metal elements except
for Cd (e.g., As, Cr, Cu, Hg, Ni, Pb, and Zn) than the subsoil samples. All these elements in the topsoil samples had concentra-
tion coefficients less than 2, except for those in the topsoil samples collected at certain points, which had high concentration coefficients
of Cd, Hg, and As elements. The main factors influencing heavy metal elements in the topsoil and subsoil in five soil parent material
regions were determined through geostatistical and Pearson correlation analyses. The comprehensive analysis results show that elements
Cr, Cu, Ni, and Zn mainly originate from the soil parent materials, and Cd, Hg, and As may also be affected by human activities in
some areas.

Key words: heavy metal element; topsoil; subsoil; geostatistical and multivariate analyses; Sanjiang Plain
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