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Effect of Acid Mine Drainage on Soil Enzymatic Activities in a Contaminated Paddy Soils

XU Chao', XIA Bei—cheng', FENG Juan®

(1. School of Environmental Science and Engineering, Sun Yat-sen University, Guangzhou 510275, China; 2.College of Economics & Mana—
genment, South China Agricultural University, Gusngzhou 510642, China)

Abstract: Heavy metal contents and soil enzymatic activities were investigated in paddy soils contaminated by acid mine drainage in the low—
er stream of Dabaoshan mine area, Guangdong Province. Relationships between soil enzyme (urease, phosphatase, catalase, and invertase) ac—
tivities and heavy metals (Cd, Zn, Pb, and Cu) were analyzed by the method of path analysis. Results revealed that the studied paddy soils
have suffered from acid mine drainage pollution of Cd, Zn, Pb and Cu to different degrees. The activity of urease was inhibited by available
amount of Zn and Cu, but the inhibitive effect was not significant. Availble amount of Pb and Cu was the major factor influencing the activity
of phosphatase. The activity of phosphatase was inhibited by available amount of Pb and Cu directly and indirectly. Availble amount of Pb and
Cu was the major factor influencing the activity of catalase. The activity of catalase was mostly inhibited by available amount of Pb. The activ—
ity of catalase was inhibited by available amount of Cu directly and indirectly. The activity of invertase was mostly inhibited by available
amount of Cd directly. The activity of invertase was mostly inhibited by available amount of Zn indirectly.

Keywords: acid mine drainage; heavy metal contamination; paddy soil; soil enzymatic activities

SR TR A R B R YRR 1L K
IR B AT R S5 [ PR SRR A itk s oK
FECT EE I R KA A R R TR
EHINRRKHEA R WFRE , B 0 X R R K

Weim B #7:2007-11-17

EEWAB T RA A ARRHA 5L 4 H AT H (06202438 ) ; i1 LK 2% 985
TR e SIEEHAR G- G T H

EERN O B(1978—), 5 il FEMNE it S B EHAR
WF5 . E-mail: xuchao1388@126.com

BIFAEE . ZAL  E-mail: xiabch@mail.sysu.edu.cn

SR AR IR R R A T A S R GE R, D TR T
A LB /K75 9 DX S PR o M i S A 25K 2 25 1)
AR T AT SGTER, sk, A2 xR
RRYER™ LK {5 G T e R T5 e IR, (R R
i LSRR L SRS 3 XA B B 52 0 2507 TR A T
T SERIFE AEA SEIRMERT LR K 5 e X Jm X
T IEREE PR PT TR EE D KRR L e 2
PN Z— W KR AR BRI B T K A 2%
AL AR E R SN, KR R A R
PN ARG XK R G o g S 1



1804 VE AR RYE" LB K TS G RS LSRRG P R AT 5

2008 49 H

WS RN AT N AMIGE IR 3D

SRR P AR E Y BA R AL E T Y —
FEH B P 5P R R A G
A ARARRAE SRRV R 2T, IR e 17 £ 0
FEorHEAL . IR K it 3 b F 0 5
I M G 25 5 T A A% AN, SRR PR
KNG G IR T5 AR AT AE—E RS, i ek
Fs e R B GOIRDL! I PRI, - SRR
SEGRITRROLI SR TR 45 3 B oG iE, B
FRT7 12 LT T BAAR OG22 on [l R 707 fH 2 R
FUAHICANRE A2 T B BB AR ELOC AR, 2 Rl A
—RE R R s 2o A AR E—E FR I L RERS
THBRAZ i 22 (] A TR , BEAS EL S R B A5 B A
PR o 19 5 2%, L Pl 0 1T 00 28 80 A B i A
XA RN ANBE B AT LU o AR T 7 il T
B HAH DGR Il 5 AR iy 4 2 AR PR S T B
FFESEBREODE A, TR IZ N 2207 L B it
T AR SV 20U o I, A B
RFIF SRR L KIS B4 4 FH Y
T e S SRS R AT T OTSE s i AR e i
TIEWEFE T R LT G Jm i g S R (KRG ok
PRI |t SR A U R I ) T5 1k =2 [B] 9SG R, R IE A
PR R IER™ L PR 7K T3 2 ek T <5 Jom 0 - B s P Y
MR PERL A o

1 #MR5FE

1.1 #fF5E XMER R RE

KT AL AR S5 5 LA FAL , i
FREZE 113°40"~113°43", b 45 24°30~24°36" . ™ [X Hh
BB AT = A X, AR 24l 20.3 °CL AR [ K
i 1782.7 mm, REING & — BB L &Rt e
7/ e N W 175 3R R NN R S B L Nl
REVEET IR AR A B SRS AR
W RERMEHEITCE, 20 42 60 450K TG L4
B A AR EE KRR 3 F 4 JE e ) PE e i
PR MR 1 K 2 BT T FE ) R TR % o AN A
KE A XS IR EORr T e A R P 1L B K
Fef FE R DX PSR AR 6 A R IERE A o B RAE A 5 m?
BN R FH“S” RIBE R 5 > 05, B 0~15 em )2 IR A
THRE, B RER ATCRE BRSO —ER e £
FERFE 1 2 mm JE g P07, 117 4398 5 /K i 2= A4
IR 45% A A7, Be ATCH BB RIS BT 4 CUKF N
PRAF, DML A SEEERE YEFR AR 0B s — 3y LA TR

H AR WHE 3 20 H i, HILLS: BT 3% pH (B AN
AR CdZn Pb F1 Cu Fig, JiHUD & A4 4
w100 B, LA HTA DK (Cd Zn Pb 1 Cu 4
Ho
12 TEBEARBEUERMESESENE

+3 pH H KA E 2.5:1) ] pH 12 5 A LAk
TGP ML - B2 E s 1] HF-HC10,~HNO,4
I f#t J5 F ICP-OES  (Optima 5300DV, Perkin —Elmer
Instruments, USA) %€ 13 Cd .Zn .Pb 1 Cu &H,
¥ Cd Zn . Pb Cu B EHEH 0.1 mol- L' HCI $£H
J&i F ICP-OES U 7E™,
1.3 T EERENE

- SF MR P I SR P I i e (k| T IRemiie
it T PN 2 SR PR R — A L (83, - S e I
e R 3, 5- —AHE KGR (1, T3 AL S
TREE T A0 R P v PR
1.4 RS

Bdliok ] SPSS 13.0 #EA T4t orbr, B ek
(EZT RS

2 HBRESH

21 TEBUMRERESEERE

6 A~ L IERE S R pH {HA T 3.87~4.52 2
6], - X{E Sy 4.245 HHEA DL S B2l 8.56~12.67 g-
kg SFHIER 9.86(F 1),

6 4+ #£ Cd.Zn Pb.Cu 4> H 43 I 4E 0.93~2.03
mg-kg™.161.00~332.43 mg-kg™'.239.24~1 094.74 mg-
kg™ .208.38~414.25 mg kg™ Z[a], HEIE 5 K
1.36 mg kg™ .230.24 mg -kg™.381.50 mg -kg™.316.56
mg-kg (£ 2), 6 N HIEFEL 4 P E SR SR TY
(B3 0k B 5% 4 S A% I i — G b 1 (GB15618—
1995, pH<6.5.Cd 0.30 mg-kg™ . Zn 200 mg-kg™ .Pb 250
mg kg™ .Cu 50 mg-kg™ )Y 4.53.1.15.1.53 il 6.33 fi%,
M AHEE SR AR I ERE , Bt Lk KI5 Y

*F 1 TEEREBMMER

Table 1 Physical and chemical characteristics of soil samples

TGS SREEAA R pH/HO A Hlisk/g kg
1 N24°30'11.2"E113°45'10.8"  3.87 9.87
2 N24°30'00.0'E113°45'14.0"  4.18 9.27
3 N24°29'57.6'E113°45'15.3" 436 8.56
4 N24°29'56.8'E113°45'16.8" 452 9.04
5 N24°29'55.2'E113°45'18.1" 445 9.77
6 N24°29'53.8'E113°45'20.1"  4.06 12.67
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Table 2 Heavy metal contents of soil samples
peg 48 2t /mg kg HRES i /mg - kg
Cd Zn Pb Cu Cd Zn Pb Cu
1 2.03a 332.43a 1 094.74a 414.25a 0.46a 66.27a 257.78a 150.17a
2 1.51be 250.04b 405.50 ¢ 362.13b 0.36b 52.62b 136.35¢ 118.43¢
3 1.65b 221.63b 289.52 d 283.05d 0.34¢ 42.56d 110.97¢ 129.79d
4 0.93¢ 206.90b 802.24 b 301.28d 0.24d 4251d 210.89b 135.15b
5 1.33d 209.46b 239.24e 330.20¢ 0.35¢ 44.34¢ 85.07f 131.42¢
6 1.63b 161.00¢ 259.99de 208.38e 0.37b 33.48e 116.09d 107.18f

T HUEDY 3 W AP, [l AR R 7 B 22 57 .35 (P<0.05) .

FefH 32 Cd Zn Pb Al Cu & BbR, HI5 RN
Cu>Cd>Pb>Zn .6 > T #£E 438 Cd . Zn .Pb . Cu ARG
Er i Ay BIAE 0.24~0.46 mg-kg™ . 33.48~66.27 mg kg™,
85.07~257.78 mg-kg™ . 107.18~150.17 mg-kg™ Z[i], H:
S 0E 43 ) A 0.35 mg kg™ 46.96 mg +kg ™' 152.86
mg-kg' . 128.69 mg-kg ' (£ 2), 6 > HIFEHEL 4 B
4 JE A RS i IS B 20 30 R T = R Al £
BHE S BAMS T FYE (Cd0.15 mg kg™ Zn
22.76 mg-kg™ . Pb 15.19 mg-kg™ .Cu 7.75 mg kg™ )]
2.33.2.06.10.06 1 16.61 5, M+ 4B A UE S
HIPEYHERE, BRYED LR /KIS e fg H 1 Cd,
Zn Pb I Cu ARG & bR, HI5 YR N Cu>Pb>
Cd>Zn, 6 MR+ Cd . Zn P Cu B4 MRS
S e P22 7 (P<0.05) (£ 2)
22 TIEEESES

6 5 il TIEIRE G R A, 2 TR, 5 1.3,
4.5 5 EME, 255 8 E K (P<0.05),1fi 1.3,
4.5 SRR EEP0.05)(%3), 6 M E
- IR Bl N PESR ST R« 6 45 2 A>3
M=5 54 501 5, H 22 RIR R I KO (P
0.05) 6 /M pii 1] - 38 0k AT S R P Sl 3 2 S It

JFPR:3 5 =65 5>5 5 h>2 5> S~
FU(P<0.05), 6 A>T AE T REREERG I 15 0 &R
T HA 5 AFE S (P<0.05) , T HA 5 B 5 18] 22 55 A8
F(P>0.05)(£ 3), LRI, 6 A~ FEABEEPEAE7E
—ERRE I 2E 5, 1 SR R TR G, 6 5
SRR Mt g o IR PR T e R A AR 2 AT
b EEE AT HEEEH T AR, E4E e ie
il - T P I AN S R 5 e () T A A 2
AP RERENSEY, A T 5IRY R S v
HlFE R A SC sk 1l e 3 4w 2 B0 ) 3R
YA R R, DA Pt B BORD 23  iJe
B b SRR MR R BT T A S A ) Y el
FRLH B AR A, SRR AR O, Bk
AT A e R Al R R R PR A AN
&) I G Ts Yot RS PR 1Y & 258 BAE LI LA
S 4 T o) A SRS R A AL B AN R A
R Tt IRAMA
23 T EESRANSAES LEHEENXER

+ ER G 5 A RS Zn Pb Cu &2 A
K, MHARE Cd RIEAG, LIEBRmREEM 54
S Cd Zn \Pb Cu 2HAHX, HE5AWE Pb.Cu )

&3 il LR JUMERE T

Table 3 Enzymatic activities of soil samples tested

. IR NH:=N BRI P i AL AU/0.1 mol - L"'KMnO, HEWERG B HNE mg- g

mg-kg'+h™, 37 C mg-kg'+h", 37 C mL-g", 30 min 24 h,37C
1 4.49:0.22 ¢ 21.28+1.55 e 0.89+0.04 c 14.45+0.65 b
2 5.500.17 b 31.3720.43 b 1.48+0.07 b 20.27+0.18 a
3 4.63+0.02 c 28.63£0.93 ¢ 1.66+0.04 a 19.99+0.78 a
4 4724023 ¢ 23.54£2.08 d 0.98+0.06 c 20.59+0.16 a
5 4.62+0.05 ¢ 28.56+0.59 c 1.5920.13 ab 19.9120.70 a
6 7.730.69 a 33.42+0.83 a 1.63+0.04 a 19.59+0.67 a

T : Al — A ) PR 25 57 35 (P<0.05)
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FHOEPEIR B 3 K- (P<0.05) . 4380t 48 AL A il TR
PES A RS CdZn Ph Cu 2 AL, HE5HKS
Pb Cu [ AH I 23 51155 Sk 8 25 (P<0.01) Fil i 3 /K
F-(P<0.05) o - HEFEREBERE P S5 A83 Cd Zn Pb Cu
BRAMG, HS5ARE Cd. Zn WA G F) 2K
F(P<0.05)(F£4), LA, 78 AR T FEFRYE
W1 7K 5 G A g A7 8403 Zn (P, Cu X Ik
it 175 1 A e R R — R R R EF , ARGE
Cd X IR BTG 1A — o PRIV E s A 8ES Cd Zn,
Pb Cu X2 A o) 8 A0 U AR RS A — o 1
POHIVEF o BRYES™ LR 7K 75 G A e H 1 SR TGPk 37
F AR Zn Cu —EFEEE IR (AN 2 B AR
fif 3ot ST S T 1 T2 A2 A S P (Cu 520, JiE
WEBEPE EZAZ A Cd Zn 5200,

24 TEBSEENSE LEBEENERSHT

WA REOTESRME 5,6 * SR N i
WARRE, A i 28 IR BEIR R id A
A S0 TRl R Tl e S P A R A0 B 0146,
0.221.0.004 F1 0.077,

FRAS Cd X IREE S M 0 B3 AR R AU K H.
SAE I T X TR B P ELAT R ) BB A
NI GRS fant: AR E NN R 23 RE VA SLIBUR SRS
A Zn Cu XF A SRS P 0 52 1a] () 42 35007 CH A6 4
FDIHEE . Bk, NERIE K, &5 RGP
FHOCHERIN AN SR M IR o PR R . A
RS Zn X RS PR BB AR RECH L (L%
AR, UL e X R TG P LA 5 0 A L e i %
N7, 177 L Ao At R 2 X R Rl 7% 2 o i %) Sz 1) [ 4%
AR BB RN, NI R BN 5 - R 6 P
SEHADE, MR AR BE . ARES Ph XK
TP B AR RN IE , YR T IR B A
—E M EL RS AR A (e 1l PR 20 it v
(1) 52 1) [BIHEA50N FUB ) BN A, A 1 e
R 55 DRI M 5 AR G, ELSCRPAR e M/ . ARG
Cu X JIRAEGE M LR AR RECh T, H LA

N BB E XTI B AT — o i LRI 8O0, [RIRsT
BN R T T 2 P L2 400 71 20501 308 e JE A R 2% O il
TGV 0 TR 2 TS8O0 A — o 2 B2 i, PRk, DA
WA, B 5 IREEE PR U G, HAR DGR A
W3

ARLAS Cd X Bl R i 7% M 1 Bl AR RO IE
HAEUIN, UL E X R 16 A — 2 1 BTG AR
FH AT Xl i il 17 2 %) L s A0 ] e e At PRI
FOOT WA b 05 P 9% 2 ) PR i R0 KT, A FROUR
R, B SRR 2 ARG, HAR RN, AR
SEMA BRG0P R . AR Zn \Pb Fl Cu X
MR BTG PR () AR R A R, H A XHEAA
K, UEHHA 8 Zn Ph  Cu SRR BHE A — & I I
FEANRIVERT o [RIEE, B TR i R s A %) 0 i 3
vy 388 3 Al PR] 2R R e R Tl % A 1) ) 2 40 ) 80 A —
FEFRFERTINGE  NRIE R , GRS Zn SHEFREG TS PR
A SRR K AR 3% 5 A %S Pb Al Cu
S BETR BTG R 2 TG, FLAHSC MR IR ) 1B 25 KO-
(P<0.05) . A7 50AS Ph Fll Cu J2 5 Ml i 192 Fil 7% 2 1) 32

AR Cd X i Ak ST 1 Y T AR R
SRy B H A (B DN T8 38 2k A PR 20 A A A
i 16 PR A (R A2 R B AR T HL 4 X E )N, Ul
HH B oo S S T T P A o 2080 1 AR ) 2 00 i
AN RIS, AN SR i) - JE o A Sl 0 P ) 32
o ARG Zn X AL ERRHE TR HEGER RECH
IEHANTK, BB B % i SR A Ul 6 PR AT — 2 PG AR
FH o SRIM, ERt -3t 80T S0l 16 P 1) B2 30
538 b Al PR 2R 0T sk Sk S T 1 1 S ] T 42400 o
RO T RIS , L, WRULE K, & S E LA
il % 1 2 AR DG, HAH DGR /N AN 25 ) 38T 4
BRI EE R . ARG P X A AL A B
PERY B AR R ECH T H L HE K, B e X it
A ARG PR A T Z A B IR0 . BAR T
Al PR 2R et 4 A Sl T 4 i 1 [ B A2 R

F4 TEESRANSAES LIEMEEMNEXE

Table 4 Relationships between available heavy metal content and soil enzyme activities

Tt H AR Cd AR Zn HRA Ph AR Cu e WL i A AL AR HERG
B cd 1.000 0.618 0.199 0215 0.021 -0.100 -0.024 -0.823*
ARG Zn 1.000 0.673 0.733 -0.702 -0.756 -0.539 —0.815%
F 575 Ph 1.000 0.684 -0.394 -0.878% -0.927%% -0.695
£35S Cu 1.000 -0.739 -0.866* -0.816% -0.621

T R AR P<0.05 Fl P<0.01 i 27K,
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Table 5 Path coefficients between available heavy metal content affecting activities of the soil enzymes
PR 2% FAR & AR CAIX, HRS Zn/X, RS Ph/X, AR CulXy SR
IR R X, 0.824 -0.853 0.114 -0.063 0.021
X, 0.509 ~1.381% 0.386 -0.216 -0.702
X, 0.164 -0.930 0.573% -0.202 -0.394
X, 0.177 -1.012 0.392 -0.295% -0.739
TR G X, 0.314% -0.256 -0.086 -0.071 -0.100
X, 0.194 -0.414% -0.293 -0.243 -0.756
X, 0.062 -0.279 -0.435% -0.227 -0.878
X, 0.067 -0.304 -0.297 -0.332% -0.866
Tl A b S 1 X, -0.016% 0.282 -0.167 -0.123 -0.024
X, -0.010 0.456% -0.565 -0.421 -0.539
X, -0.003 0.307 -0.839*% -0.392 -0.927
X, -0.003 0.335 -0.573 -0.574% -0.816
FERHRE T 1 X, -0.789% 0.119 -0.098 -0.055 -0.823
X, -0.488 0.192+ -0.332 -0.187 -0.815
X, -0.157 0.130 -0.493* -0.175 -0.695
X, -0.169 0.141 -0.337 -0.256* -0.621

T Oy B RAL

ARt B XHERN . MW LR By 5 id Ak
SRS PR S 35 DS (P<0.01), Bl W & 25 1
et S A A PR N R . AR Cu Xt 4k
SURETE PERZ R Y BB AR R A T, A XRHEBOR,
e 3 g At DR 20 i S Ak S P A ] a4 AR
Bz Mg e 0, H AR EER . WM L3
BN 5 i A RS PR 52 2 ARG (P<0.05), WY
R S A A PR R

AR Cd X HERERE TG P ) B E A R BO 1,
LA XHER R, BB X RER B 1 2 A SR 2 4%
RIS, R T e A R X TR R 52 0 £
AR AR A HE D B R R . AR
WL LB 55 M R 1 S 35 U O (P<0.05), 16
MBI R SRR TE PR A RN R . ARG Zn
X REME GRS M 1 B AR RO IE BBV, W B X
M BE PEA — 5 1 EAERaS R o AR, e
At PR ZOGT R RS P 1) S 1) T i 8 R R R B
ECARHE AR, R, SR B3R 5 - S
R P 5 0 2 AR OG , U] S R M) L S R i 075
PERYEZER . AR Ph AT Cu S R T 1 (9 B
PeimAR RO 1 H LB XHERY N, BIR T AT R
P PR 2 A ) 25807 At PR 3R X TR PO 17 11
() A SBO0AT — E R AR i, (LR A (i

F o R, R LRI R T 15 BRI 1 1 S R AF G
FRPEEIA K,

PR DR T o T S R TR 1 R
AR ZE R 0.146.,0.221.,0.004 F1 0.077, 3843
BB 2ZEHIN, WITUE B T3 42 4 ik AE 2 22 vk 1Ll
PR T5 YR 4 EmG TG v 5 T A R A RS A i
ZIRIE R AIATHE

3 #ig

Z MW LR K5 e R - R B 2 8
[FFEAERY Cd . Zn Pb . Cu i5 5 , N E SR 2w F , R
W 1L 7K 5 YA 439805 Y A2 Cu>Cd>Pb>Zn,
MNESEARS SRR, HI5YREHR Cu>Pb>
Cd>Zn, 7EASRFZMT M LK TS 4L fg 4
AT Zn A Cu XoF L SRR Bl 6 AT — 8 R B 52
Wi, (HR B3 . AR Pb Al Cu 252 W B R G 1 11
FERE, WA B EEN , A — e R ]
AT . A RES Ph il Cu JE 520 i A Ak SR G
PR FEIRNE, ARG Pb X AL S G T B A 50
S BRI RO, A 8 Ca X i S A U 7 B
AEBANHIVER, HEA — &R 0
AR Cd X FERE B PR EA R Z A A HIER
FRUAS Zn X EREBGG A 5 0 0 (B4 5
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