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B GRAAT PR B TR BRI pH ) 9% va, CCA o MLEREK 5
WL AR R T R AR B AR L ARRZ S P e e A A A B
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1986 AFEH 5 YL IX 14 RLG7hy 24. 5 mg/kg, 1AL
SHREIR 779 me/kg, %A BT KR AR R S
e E ZEARUERY 3 % , WA DU ok [ S b o S A LA E
DRI T R X AR A e S
BRPE U Z I OC AR , 2 B2 L IX o 4 Ja TR R T L Bf
2oy AR S 0 — e E &R R RN R
FIEAR, 13 h S i B B B R 55 Y
F- 35 Pb Zn  Cu AEY BEERIVE T T pH B 52 1
BECR S Pb Zn Co tHEAEHI R EERN R, H
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A= Py I S 0 AN [) 11T 22 A AR R A 0 b e 2R 2R
RGRENR T 4 8 X RS R L R s
() 531 FIE RS AL, PRI, - bR IS A 2 5 e 54
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B ERERIZR 7 2200 0 LR -2 BT, 3X 6 T 1 gl A7 TR
P2 AR T BT RS Y X,
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455 W T 2B T S R ER, 4
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U ARSI FHIE X RS i, AT BH
PR EEET AP I J5 35 Yedk OB B9 IX., 380
AN] LA 2SR (Kb A B KA )
EI/IGHY) S HIER M B AHEOC R, DU
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1 WFE XS e Foe Ji id:
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(E 110°33" N 24°58") , SE-#49 74K 150 m, 4E -1 3E
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IR ARAE T B ) BT, B 20 titad 50 4Rk
TR, IFTF 1958 AFAER G H g /N L)
FRHemHE 1 20 HH40 70 ARAQ g — YRR 3L
A RN IHE , B iR A 15 AR, & K
FRAR FH 5 G, B Y A RBG 224 R R 4 0 T
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Fig. 1 The distribution of sampling sites in Sidi village
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% pH THEH & 5 T3 5w 4 B R TR - 4
R — TR CHIH % — A IR OGS I 5
T HETE B R A RS R ] DTPA 242 — SO 1R
S,
1.4 dasnbr
K1 SPSS 18. 0 e B Fx Frill s i it #E 47

TGS T FI B DR 28 5 22 73 BT (one-way ANOVA) ,
FHE1T LSD K56 (lowest standard deviation test, p =
0.05), FIH Canoco 4.5 {4+ 8 4 J& B AE
IR AR B, IR R A D SV pR U T

SRR 3T, 5% i%ié@ﬁiﬁ@('—?i%ﬂ
WfiFﬁZIETJE"JZjJ/.LJQf%O I T — b B2
ZEIRITAE Tk

2 RS

2.1 AFlEHOR 2R R N T s RS v
FFIE
Pl = AR R R R A B G

(SOC) it 2 (AN) (5 (AP) 3L HT (AK) |

A (C/N) [ FHE T3¢ # 5 (CEC) \pH {E\fé\%ﬂ
(Pb) (GVBE(Zn) G (Cu) (B8 (Cd) A RS
(DTPA - Pb) A 8 %F (DTPA - Zn) | ﬁ)&,u%ﬂ
(DTPA - Cu) A3 %247 (DTPA - Cd) 15 Fl + 32 A
TR TR AE . 45 R R W] A8 —=Fp - Ho R
AU KRR A T 4 R 4 i RV RS T Y
i, UL A b i 4 SR TR A ) i AOK R L IR AE
KR PR R, A E R IR SR 6 E R
FAAC 7= i 77 b B0 355 5 B A AR E) (HI/T 332—
2006) ", = b b A 2 E 4 U 194 T R4 B0
PO EI T S e LD ] S ey o s o e E
HZ X HETE R RP A T5 U8 T N B ELVE AR =
B DX, - 38 5 T 2 B P B 358 XU e 74 o
5t RPUR A AN A R ST E
SERE<10% B}, RI K 55748 54 5 A8 5 R B
10% ~100% 2 8] 3¢ B Ry v 46 748 S % /}’2%%%&2
100% I B0 s s S pE ™) s 3 1 AT LA
FE = L A TS AL o BRSO ik A& LG pH (EL
SERAAE RS E AN, ol 1 5 N 1 AR S R B R

1R WG BRI RN 5 R R R SR atE e ge 5 b
Table 1  Descriptive statistics of soil properties and soil heavy metals in different land use types
+4 A S0C 7 i (mg/kg) N CEC o 2R (my/kg) AR (mg/kg)
QU= ) (¢/kg) AN AP AK (emol/kg) Pb Zn Cu Cd  DTPA-PhDTPA-Ph DTPA-Ph DTPA-Cd

SEHE 13.72 76.88 59.55 42.17 19.18  5.25 5.47 886.47 1210.88 117.38 36.53  208.11 140.11 27.19  2.39
i/ ME 7.20 45.42 32.81 21.63 15.16  3.45 5.11 330.20 621.29 55.13 16.87 112.90 44.61 10.80 0.36
iGN 19.90 128.80 97.09 64.15 22.65 7.25 6.12 1990. 68 2858.00 190.10 63.81  290.90 533.19 45.30 5.79
?i Fpifi 3.91  20.91 21.93 15.13 2.28 1. 15 0.26 461 681.71 43.36 16.17  62.83 154.62 11.22 1.44
IE R RE(%) 28.48 27.20 36.83 35.88 11.90 21.88 4.84 52.00 56.30 36.94 44.27 30.19 110.35 41.26 59.94
R ITR /e 13.66 74.67 54.77 42.29 19.78  5.38 5.44 748.63 1009.88 111.94 34.57 195.32 79.85 24.45 2.13

FREM(pH <6.5) - - - - - - - 8 200 50 0.3 - - - -

AR - - - - - - - 11.08 6.05 2.35 121.77 - - - -
SEHE 14.43  63.54 71.48 41.96 21.88  5.70 5.60 749.31 1285.38 102.28 36.40 173.71 152.90 21.19a 3.02
e/ IME 6.36  33.60 3.33 19.00 15.67 4.15 4.92 70.33 455.60 33.81 10.59 3.53 0.95 0.58 0.09
SN ER 23.76  87.50 183.11 82.82 27.40  8.75 7.47 1612.07 3656.00 186.60 51.76  348.80 440.01 43.80 6.43
fif Pk 4.94 18.56 49.34 23.36 4.24 1.63 0.81 508.55 975.65 48.79 15.52 101.85 150.77 13.87 2.02
R RE(%) 32.24  29.20 69.03 55.66 19.38 28.62 14.49 67.87 75.90 47.70 42.65  58.63 98.61 65.45 67.02
EREITR Ve 13.09 63.60 62.16 28.28 20.64 5.05 5.27 651.20 963.26 101.44 41.21 155.00 119.60 22.68 2.52

PRERE(pH <6.5) - - - - - - - 8 200 50 0.3 - - - -

RS - - - - - - - 9.37  6.43 2.05 121.33 - - - -
SEEE 18.14 73.28 45.40 34.84 21.21 5.53 5.80 1132.311829.17 130.21 45.47 221.66 244.10 25.09 4.42
fo/ME 15.76  50.22 14.01 16.43 17.49 4.24 5.03 286.93 808.38 59.60 16.81 123.78 46.75 11.80 1.91
I SN ER 22.23 97.08 91.30 55.37 28.51  6.85 6.99 1977.19 3210.00 169.30 99.11  337.30 597.27 48.37 7.47
7JE PRz 2,52 12.62 27.20 10.82 2.80 0.95 0.55 469.34 845.46 39.34 29.94 72.19 218.61 9.16 1.80
E TREE(%) 13.90 17.22 59.91 31.07 13.19 17.20 9.46 41.45 46.22 30.22 65.85 32.57 89.56 36.52 40.64
EREITR Ve 16.83 70.35 37.04 31.34 21.02  5.60 5.61 1134.00 1677.54 142.89 32.16  200.45 104.75 25.00 4.79

PRfEME(pH <6.5) - - - - - - - 8 200 50 0.3 - - - -

AR AL - - - - - - - 14.15 9.15 2.60 151.57 - - - -
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PRIKFE B AR, X 57K A8 A AL THE KRS,
PERE R0 1 A - B v (8 ) 5 43 A AR B 50 A O
TE K R AR el 36 P 0 il ) 2R A rpr 338 P
T HBME A 3 R BOA B E A E, X 5B
W A E S R IR G A A G,
2.2 ARMAIRR P EER S LR Z 0]

AR HR B
2.2.1 FEEJEIGYIZS RS

BRI 53 AT (CCA J3 AT ) St — T ik P D A
RUHEY J7 %, 456 %0 B3 A 5 22 o0 [mHE S0, 7EXF
I3 AT B A A v, B — 2B T 1 45 2R AR S B
BT AT Z o0t m1H, CCA 43 Hr sk 52 2
ML Z [ AR SIERON™ 7 3 B s m] LA
I P DA BR 25 A O M T AR B i, CCA 43
B a2 SR WS B I, — > S B 900 2 85 i
KR (A= b BP -3 AL M R A B ) L o — N 2
IR PR B8 R o (A Scrb B Sy 398 0 4 Jm i
BE) 2

A 220 B 5Y 3 B % IX 4 08 T 4 T T Y
1 Rl i T 1 U1 e~ 2 1 i N L =
AN[F) - MR 2R AT L1 &R e A SES A
() o3 A g oA e, XA IE YL X = Fh
FI A g SOC AN AP AK .C/N . CEC ,pH {H .
SVET CRVEE RV LR A RS ARG ARES
i AR IH— A B S, 3547 CCA 43 #r. i
F2 AT LIAE ) CCA 55 —HEF4h 5 DTPA - Pb (14
KMk fe i, FHOC R BN - 0..8499; 55 —HF v 4l 5
DTPA — Cd FLEEE . DTPA — Zn AHCM: fe iy, #H R
BT -0.7781, —0.7160 , — 0. 7143 ;55 = HE ¥
SRN S5 DU HE R b S e ) B 4 B A I R DA
FEERFH R G Y X I A E TS e
%k DTPA - Pb DTPA - Zn DTPA - Cd, 5 1 3 24
B CSVBE VR A AR A EOC R AR — 20
A, i BZ R TR G 8 LU VB LR
R B HTEE RS T TR IX AT R R
FRIERF R A5 R —3. B2 =R b A 2R 32
P4 E A AR 5 CCA HEpfiny e &,
Hh R S RN LU IR T R 4R
BRI, B SRR M s ™ AT LR
B, SVEEFN DTPA - Zn  GV57 A1 DTPA — Cd 1975 ] 73
A SR 7B AR PR, Ul I X 26 4 J& ¥ L ) 32 1 b
IR R M $8K 1f BLAR A1 DTPA - Cu | B4
F1 DTPA - Pb ()23 [A] 73 A 224k Fe A/ B 52 1t

AU S M AR B/ o He, Y B LA 119 8
o R S T 0 A 23 8] A bR A AR AL,
T P i A RS =5 B A AR A — 2, A
AR5 3 X, i1 A 2R AN A A HAS X
AN TR, 45 S i ¥ e ) 5 i A RS 2 T i e A
S SN R 2R SN 24k, S TR 0 ) A TR R
i W MRS A A, 3 SO AR W R AR IR BT 2 4
JRUM P A X 5

2 RV RN RX AR S A A
Table 2

Correlationship between soil heavy metals and the

environmental axes

Eildagii
G
AX1 AX2 AX3 AX4

41t Pb -0.1311 -0.3530 -0.2782 0.3438

4 Zn 0.3414 -0.7160 -0.3732 0.1830

44 Cu -0.1538 -0.5260 -0.2906 0.3156

4im Cd -0.6362 0.0086 0.3223 0.0389
DTPA - Pb —-0.8499 -0.1140 -0.1528 -0.0886
DTPA —Zn 0.4612 -0.7143 —-0.4255 -0.2192
DTPA - Cu -0.5524 0.0235 -0.3160 0.2981
DTPA - Cd 0.2340 -0.7781 -0.4309 0.3379

2.2.2 HAgES IRV SR SRS B2

CCA K L3 D R o 42 i HE P s 7 — 1 &
B 3)  F i Sk B LR, fi sk 4T
TEMGBRZE7m P58 R 115 HE 7 il =22 18] (19 1E 53 AH 5%
P Sk AR AR TR B 5 IR 5 ek
FHRRRBE BRI, = A5 B 7 Sk 1 2 B 1) K
PREHEFA TN 7 2 H 6w S R IR,
AR L Z A e R/IMUERE 2 PR Z 1]
IR A RN 77 S FIHE Y Al 4 Je M AR 3 R AD T
SR SHEF AR

W 3 ATLAE R R s G X AUR
&)@ EVBE . DTPA — Zn DTPA - Cd #j 3k % £ 1) Je £
BUN, N Z [ A AR 8 A SCIRE , B A =
MIIEAH R IC A 403K DTPA — Pb G4 \DTPA — Cu i
i Sk LR R B AR G 1) S I 5 10 A B AL
TR E AP R B R AR . X A
[l A A2 A O (181 2) BAT — Sy e s, ni nf 2L
AW AT TR R - S S5 R B P LA
EATZ 18 B SRIE AL A 1) A 2 W] - R0 b S
PelX b UG R BE RO 3 IR X S I
TR U R B — R I A R s
[N TP S
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Fig.2  Relationships between variation patterns of heavy metals and the first two axes of soil properties generated by canonical

correspondence analysis
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Fig.3 CCA biplot of soil properties and soil heavy metals
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£ DTPA — Zn \DTPA - Cd (i k&£ Mg T— 1
SR, ELAO B B B, BT CEC 21X =M E 4R
5P F IR, LAYRARYRL ) 3 1 9 7
A S AR, 5215 Y H RS ol i )R
Kk 40 ZAEMAOBHE , TR TS B 036, (R 3%
FEH PTG YL 13 SOC AN [ CEC it &2 3 4k T
BRSO . 03 AP S IEF0% DTPA - Pb (%5
Sk HELR IR B4/, 45 DTPA — Ph (1 5 3 S0 1)
M, FR3 AK Y S X T 548 P T ro s ke 4
B BYH L , 2 4B 15 YL R TR IR, % 5i%IX
IR b, B E MR, Z IR IR )
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WG A AR R E B T UM AN R] M P2 R S SR ) ) L 1 23 A

$33 &

GRS HTAT LA 26 R B0 75 Y K = e b 24 7
o A T 1 T R A B 1R AKX — Al
HEAS RS, BT B s T KOG R AR
NPT
2.3 JEHRTE KA ] MR R - S

BRA
2.3.1 ALK

AR 1998 ~ 1999 45 FHI-HLK f M 2 45 5L, 7k
T SR A WLBRST- 2 T i 0Bk 2413 mg/g'™
PR IS Y - R 2858 4 Ak K 40 ZAE 1Bk
i, KR A LR 9 7 2 5 A0 B0 HUA 18, 14
me/ g, 1§ 5 K b VR A7 B+ 398 (4 WL T34 4k 4
B0 13.72 mg/g F1 14.43 mg/g, A ZA S A
DU SER I T RD 50, 5 e I AR 1 39645 WL
EOPBCR M. KRS b WL (4 S8 43 505 oK o
FIATA FE 22 Sk 0 2 (36 3) , ELOKAR H g WLk
JEF A5 AR Yot R A7 ] 6 5 K b 75 , 33X 13 A 6% £
S N TR, A S A R P, RS i L3 L
RT3 H

T PR S T AR TR AN AR, BT
FOAH , AR BTV R T IR YRR S g
WE I {1 A BLBR (™ 1 4 A 2 BEL I 0 g i o 44
i, TG T R eE ML p R ™, S —r
T UL EA S , S e P A LB £ 3% A T R Sl i
W BRI TR R A BL - 2B %A
S AT HLBRLEL 5 A9 fr 7 Ak, AT 52 1) R 2 T A
AR, - DB 15 TR R 2k | B2
T4 BT YL BNV , B R T L e LR 1
FIARERD | HA R T 4 8 (156 4 A0 X T R A 133
AU IR s B2 cCA & 11t 3 soc
) b A0 T4 R A it L B A RS 5 Sk 2R
AT 5 0 1 ) 05 T 1) DI Mt A SE B T L
X 2 4 J O B T . 7 pH 4.0 ~ 8. 0 S M,
SRR IR 75 T S e, B e A R T S
(SO~ ) MME Rt &k &, B4R B T oK RS

3 SRR ISR MR 7 SR 3

Table 3  The influence of different land use types on soil properties

HFRMmIEA SO~ 1 SOH Z545 M R m 4 &4, o
(SO™),M 25 Ry 54 WU B4 )& B 110
% B 5 4 WL S 2OK RS Ao MLk i ki A A
EEALZ BH T A B i, PRI 22 80 /KR A 45 1
by 5 b b 1] FH 2SR, A AR It A B0
2.3.2 +HEpH{H

1358 pH A2 HIERRIEAH R L5 G P R R 1Y)
FEPRZ —o BRI AZ 14984 Py ot 4 AR Ak 1 52
(] S 3k A Wi 33640 Jo 20 L) 22 Ak, B HE AR )
A TR 1 22 B R 0I5 B H Al - 458 R 1) 2
W, PR TS A — e (R
W), BT AL, 3275 Y - 5 A R4k
FOW o SRR T & T BYEE T R P B AL
YILAINEED R 3, 50 IR, Bk s/ [l 153 0™
X BRIEA I, BRALBE 18 o =z S A R A 76 75
e MRS i b,V DX 5 EL A I e S Y R
iE Rt — R LM RS o b sk e
AL RE AR R AL AN . R AE CCA B 1+
HES RS pH {E 5310 1E AR A BB W o, B %
L B A SAH G R
2.3.3  THERHESFAC R

T HERY CEC JEAc 4 PEER 36 (40 4l 45 B L.
EWEE NSt st: L7/ PN ey i N DS S e N
B, FE A PR far 1) 3 R AFD R D 0K 7 TR
PERREE 25 T 5K A 10 T 48 DL K sc itk 3h 58
JRERTE A YT 9K 77 A 5 A AL, T 3 B 1 48
v BE S A e Y o A, RS X 32 R RS
YLy VPR R R R A 2 i R 3 ) I
() LT AN, 2848 0 /0 B 5 3¢ 400 i th Bl 22 ik
A HAER CEC s FRERES BRI A
RS K LA SN TR PR, B 25 1 5l
Z I ST HEWRL A7 K i B B B T
PP A R — B, A CRORIER I, R HEA LT
5 BH B TS A M B I A e B2 R
s, 1A P S A —E SRR S R — 3, i

PO =N
S0C & ik (mg/kg) CEC
d- A I 7K C/N H
* (#/ke) AN AP AK (emol/kg) :
ERH(124)  13.72+3.91°  76.88£20.91° 59.55£21.93* 42.17«15.13*  19.1+2.28*  5.25+1.15*  5.47 £0.26
HHEIE (9 1Y) 14.43 £4.94°  63.54 £18.56° 71.48 +49.34° 41.96+23.36° 21.8+4.24°  5.70+1.63°  5.60=0.81°
ARFE(124)  18.14£2.52°  73.28 £12.62° 45.40 +27.20° 34.84 +10.82° 21.2+2.80°  5.53+0.95°  5.80+0.55°

TE:p <0. 05 B F B 5 A AR 7 RER 7R 25 LR 2R R 28 e oA B3, 45 HH IS [ 3R U AR R 91 A2 4 78 0. 05 JKF B 22 B 3
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Canonical Correspondence Analysis for Soil Properties and Heavy Metal
Pollution from Pb-Zn Mine Tailings in Different Land Use Types

HU Qing-jing"*, ZHANG Chao-lan' , JIN Zhen-jiang® , CAO Jian-hua’, LI Qiang™*
(1. School of the Environment, Guangxi University, Nanning 530004, China;
2. Key Laboratory of Karst Dynamics, Ministry of Land and Resources & Guangxi, Institute of Karst Geology,
Chinese Academy of Geological Sciences, Guilin 541004, China;
3. Environmental Science and Engineering College, Guilin University of Technology, Guilin 541004, China)

Abstract: The collapse of the lead-zinc mine tailing dam in Sidi village ( Yangshuo, Guangxi Zhuang Autonomous
Region, and SW China) led to the spread of mining waste spills on the farmland along the river. Past reports
concentrated on environmental pollution caused by metal mining process, and were less focused on the special
pattern of heavy metal pollution caused by the dam collapse. Canonical correspondence analysis ( CCA ) was
employed to reveal the relationship between heavy metal contamination and soil properties in different land use types
around the polluted area. 12 soil samples from rice paddy fields, 12 from corn fields and 9 from citrus orchards
were collected from the surface layer (0 —20 cm) to analyze SOC, AN, AP, AK, CEC, C/N, pH, total and
DTPA-extractable Pb, Zn, Cu, Cd. The results show that Pb-Zn mine tailing sand is a multi-mineral orebody of
which Pb, Zn and Cd are the main pollutants and Cd is the environmental risk key factor controlling the soil
quality. The spatial distribution pattern of Pb and Zn affected by land use type is more obvious. Moreover, from the
arrow distribution of heavy metals, it can be seen that the heavy metal pollution was relatively more serious in the
rice paddy fields than in the corn fields and citrus orchards. From the distance between the heavy metals arrow and
the soil properties point, the combined pollution of Pb, Zn, Cu and Cd decreased CEC content and increased SOC
concentration, but had only small effects on soil pH value and available nutrients (AN, AP, AK). There existed
positive significant correlations between heavy metals and SOC . The SOC content in rice paddy fields was 18. 14
g/kg, and had the significant statistical differences with other land use types. In summary, Pb-Zn tailing sands as
the sustained release source of heavy metals have the consecutive inputting mechanism into the soil, which inhibited
microbial communities’ metabolism, resulting in carbon accumulation, and then influenced the carbon cycle in the
area.

Key words: mine tailing sand; land use types; canonical correlation analysis; soil properties
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