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Table 1 Physical and chemical properties of tested soils

Ho s pH LIRSS AR N 4P AP 4 K B K

(uS/cm) (g/kg) (g/kg) (g/kg) (mg/kg) (gkg) (mg/kg)
S1 7.32 98 17.220 1.68 0.3345 13.034 6.540 117.5
S2 6.89 107 14.712 1.49 0.2562 8.505 7.915 323
S3 7.18 94 18.906 2.12 0.3770 11.525 6.815 230.5
S4 7.13 87 12.696 1.43 0.3260 5.185 3.525 81.5
S5 6.94 83 9.654 0.78 0.0970 1.780 5.100 87.5

e S1: JEWPPIE,  S2: AMRMRE, S3: KRR, S4r KX, S5 BnliX (KA.

PEHL, TRIRERZ &AM NaAc WIRIREL, HREEEILY
i 575 H HOAC Wi, FHLLEEH HNO; #
H0, #2 1L, R SHZERIETE .
1.2.3 BgpiE A AERERA 0.1 mol/L KMnO, %
BEMEP, Ll 20 min JE4F v HIERFER) 0.1 mol/L
KMnO, T4 R; FEREEG R FH 0.1 mol/L Na,S,05
WEVEIED, LL 37°C R R 9E 24 h J5dE e LI FE 0.1
mo/L Na,S,0; -5 oR; IRIGR FH 2R 4k Lt (32
MR, BL37°CFRFE 24h JE4Fve L3P NH; N
2 e B s WEIRAFH ERR 2K A ety sz 2,
PL37°CTFRSR 2 h J55E 100 g 3% P,0Os MIZ w3
LR
1.3 B

Helln b3, [mlUH 5B K 7 S 2 A B0 R FH SPSS
Gt o BT AT AT

2 GBR5HH

MR 2 T as AL, il R EHIX KA
T ESESEERBN, HSEAIHZES, Cu
34 & B VS AR 20.8 ~ 46.8 mg/kg 2 08), ~EIME N
31.06 mg/kg, 7L AL 32 B0 A A5 2 P FE i
X Zn [ F¥)& EVLEAE 33.8 ~ 116.5 mg/kg 2 7], “F
BIH N 63.58 mg/kg, 2Pk X FE 5 B Pb
SR EE LR 10.62 ~ 37.5 mg/kg ZIA], FAME A
24.05 mg/kg, o EAEMETIEZ IR EREHIX . R
W B, R R IX ) G R iy, A EER
iR E T hr T (Cu<<100 mg/kg, Zn<250
mg/kg, Pb<<\300 mg/kg) (GB15618-1995), FEfhE 4
JE SR AR, WX S X 52 5 YRR AR N e O
K2 BTG, HERE AR (Cu: (22.8 + 8.7)
mg/kg, Zn: (84.4 + 48.0) mg/kg, Pb: (33.3 + 12.9) mg/kg)
PlAss, 22 PR Fr i b X /K Re: - 48 1) 4 i 4 s P 3 (W
e TmE L, KB ESESEFAERRE
Sk, o M X KRG 4 UG 2RV Y e N | S O

21 TERPEERIEKT Eo
F2 TENEEZERE (mgky)
Table 2 Heavy metal contents in the soils
Hh s FE A Cu Zn Pb
S1 8 32.8+6.9 78.7 +36.7 356+114
S2 8 20.8+4.7 38.3+14.0 25.8+£9.0
S3 8 46.8£9.7 116.5+55.5 37.5+13.8
S4 8 299+4.1 50.6 £ 16.7 10.6 £3.2
S5 8 250+5.6 33.8+19.2 10.7£4.0

22 TIBPEEREESHMIEHE

XFPTRAE EREEAT 3HT, 3 Cus Zn. Pb AN[H
RIS B e i v /0 A (B Do B 1 ar%,
FIAS Cu TUERAETEWIT S 22 Rl DR L X KA
TR, RIAREE>S AL EE>
Fe-Mn A4 538> BRIR S 45 5> A0S fEh

JNE B RN BB > A LA &> BRIR R 45 &
&>Fe-Mn A ML G >3 LR LK
LA A >Fe-Mn MM G ESHAHL 5>
BRIR ER 45 A > A0 Heds - B4 Cu JUHRAEIX 5 Ab+4¥
TR A 22 5 B T NLAS G A8 S Fe-Mn S 4L 45
AR S AR . SR Bt XOK R = Cu
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Fig. 1 Distribution of different forms of heavy metals in the soils

e EX WACHeAS, CAB AR Eh 45 & 45, Fe-Mn WAL E &4, OM W HILE &4, RES Wik B, Total Jy i it (T ).

B Zn JCRAETEWIP ISR A3 L Fr b LA b
AR AR, WARHE>AIEGGE
Fe-Mn WML 5> M > IR R 45 4 ifE
GPRIEFE 22 PRl DORITEE Ll il DA v g S 2>
Fe-Mn A& 6> AHE EE>RIREE S 5>
AL EANZ A 2253 1 BAE T Fe-Mn AL 45 5
SLHAVEIAS S EAR (& 1D,

FIBA Pb JURAETEM T UM 2 IR & LA h 7
AAHENATPLES F &> E>Fe-Mn AL G
>HRIREREE A > A0t B NL R A rh ik B
E>HPL B E>Fe-Mn AN EE S >R S &
&> AL RNIX LA NI A5 >Fe-Mn 4
WG 3> AHLEE G S > IRIR R &5 5 2 > A
FEFE UNLIX 2R Fe-Mn U 85 &8> TR A >
AP G &SRR LSS &> Hitr i, Pb
TLERAEAN AL A v 2 TR 0 AT AR A PR o
23 LIREEEM

TR LR RGN N B R A s I R e A
AT BALAE T, o A e R o S 1 S
PUSTI AR AT T VI G 2R RERE MG R RERS S £
SNSRI IR RESS Sk AL N FeAbR DL W
R EEVE PERE WS 2R LI HL P AR TR
WO, p g (K DRI . IR A I U S ok 1 L
WD) LIRS R BT R, e

A% -3 rp (7 43 AL AN R FH LA e R S S
ARG R 1) - S S U e g5 R L 3, AR
BRI A A ZE AN SRR, JEii il X KR L il Ak
SR PE AR s T SRR P 5 X (1) L R
PER T X, oz R e B M X 7RG - 1) TR A Al i
S PRI 3.41 £, JIREEE A2 2 DR Ll X 0 s T
Tt A A 1 D) g 1Ly DX /KRR L W S v S SR I g
X, 22 PR DX KR - R Al IR T s P A TE - J ) 2.06
£, IR 1.92 5. K - EREREPE S5 WU T AR
KT, G5 RRWT: A AU RN RER -5 AT HL T Y
EIEME, MRAHSHHR 0.727 (p>0.05) Fl 0.890*
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Table 3 Enzymatic activities of the soils

i A A BT Ui i T
Sl 3.08 3230 1.660 8.661
S2 2.95 25.80 2.024 10.682
S3 3.01 34.65 1.879 9.293
S4 2.78 10.15 2.344 17.852
S5 2.89 14.80 2.145 13.348

7E: AT YL 0.1 mol/L KMnO, mUg 1315, NREG#E L NHy'-N mg/g L1, MR #ELL 0.1mol/L NayS,05 ml/g 13158, Bifems

1A P,Os mg/100g L& (FIA]).

24 TEFEEEESELIEBEENXR

K - e vn e 45 L3R 3, XhER 4 w5, K
i Cu i 4 MRS SR KA R,
HHARREIR AN . WA RIRELZ G4 Cu Al Fe-Mn
FMME G Cu F 005 A S AN FE R Bl 1% 18
B2 NG, AICRES R -0.920* Fi -0.895* (p
<0.05); BRIRERLE A Cu XFWREEIG TERILH B35 1
A, MRERBCH 0.959*% (p<0.01); HHLEEA Cu
Fl Fe-Mn S8 ALM45 &4 Cu 43 51 55 18 b Bl R g PR 1 T

PEILB R AR, AR RE 00 0.905% (p<<0.05)
F1°0.887 (p<<0.05). AltL, 7EAKRE L, BRIRERES 55
Fe-Mn 82553 Cu LSAHLE G Cu X 1150
TP A TR

IKFE A LA IR SR 4557 Zn X RERHIENE Itk
B E AN, HISCRECh -0.887* (p<<0.05), XFid4R
A S S PRI B TR R 3 RO, A G R EOA B
-0.973** (p<<0.01). 1M SAFE Zn X 4 F L3RGV (1 4H
KA AN R o

R4 IRPRHSECRMNAIES TREBEMMEXXR

Table 4 Correlation between contents of heavy metals of various forms and activities of soil enzymes in the soils

L & A BER G IR B WERRA
Cu EX 0.716 0.516 -0.710 -0.671
CAB -0.920* -0.842 0.959%* 0.807
Fe-Mn -0.796 -0.895% 0.736 0.887*
oM 0.780 0.905* -0.786 0.738
RES 0.600 0.793 -0.581 -0.605
Total 0.380 0.552 -0.390 -0.335
Zn EX -0.097 0.158 0.133 -0.008
CAB -0.973** -0.887* 0.952* 0.973%*
Fe-Mn 0.234 0.501 -0.216 -0.253
oM 0.556 0.782 -0.537 -0.568
RES 0.807 0.775 -0.851 -0.685
Total 0.579 0.744 -0.587 -0.536
Pb EX 0.942%* 0.922% -0.955% -0.875
CAB 0.775 0.870 -0.795 -0.707
Fe-Mn 0.858 0.900* -0.862 -0.806
oM 0.925* 0.984** -0.920* -0.906*
RES 0.792 0.938* -0.763 -0.838
Total 0.904* 0.987** -0.894* -0.892*

LA Po MIATHLAS Po o BERH R A5 5 I 1 AH G
PE, TR P AT HLAS Pb T RERE RS PRk 2 TR R
FHIEAK. AL Po R IRERS PERIL S T 2% A

Ky FHHLE Po R Pb X IR FIBE R R AL 2 T
F TR AHHASCR I KA, WA SRS T
SN VAR S EEW] S e T R L R A G
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Table 5 Step regression analysis of effect of contents of heavy metals by form on activities soil enzymes in the soils

i L b ACIEpiy r
Cu SUE=R Al y=4.351-0.749x, 0.920
HEXENG y=2.665+5.175x4 0.905
JIR y=-1.315+1.767x, 0.959
TR A y=18.557-9.839x,+0.596x; 0.995
Zn PUERER T ¥=3.039-0.06x,+0.002x5 0.999
TR ¥=29.195-4.881x,+0.530x4 0.999
JOR ity y=1.881+0.12x,-0.007x5 0.999
RN y=5.317+2.436%, 0.973
Pb SUE=R i y=2.744+0.349x, 0.942
TR y=9.479+1.686x4 0.984
JoR ity y=2.465-0.800x, 0.955
Tk 12 Wty y=16.481-0.542x,4 0.906

Hoxi ATHEETE, x WRREGSEETE,

3 itig
30 TEEEEESHHIFEREMEXERMON
TEIX S AR IX (KRG o, A T4 m AT
PRSI i BT o A L AR e/, ik B AR
PLAS AN & A o X AT RES P SRR 5 M X /K R
TR S R AT G, AR 1 AT LA H e I
A N o 2 DR o 1 DX /KRRG-S )
FRRAF LK (p<0.01). Cu. Zn. Pb JLEAEHL
SEA AN G5 AL S S RATC TR,
PR B IEAHDC, AR RE 50 0.967+* (p<0.01).
0.900* (p<<0.05). 0.928* (p<<0.05); HHLLEABM%E
eSS TGRS E R IR, RS
Fe-Mn 4544 Cus Zn. Pb SRS B4 5

X3 M Fe-Mn 545 573555,
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Activities of Soil Enzymes Related to Forms and Distribution
of Heavy Metals in Paddy Soil in Anhui Province

YANG Hong-fei'?, YANMi', WANG You-bao', LIU Deng-yi'
(1 College of Life Science, Anhui Normal University, Provincial Key Laboratory of Conservation and Exploitation of Biological Resources in Anhui,

Wuhu, Anhui 241000, China; 2 Department of Pharmacy, Anhui College of Chinese Traditional Medicine, Wuhu, Anhui 241000, China )

Abstract: Based on the field investigation and laboratory analyses, relationships were studied of activities of four soil enzymes (calatase,
invertase, urease, phosphatase) with forms, contents, and distribution of Cu, Zn and Pb in paddy soils of five regions different in landform in Anhui
Province. Results showed that the contents of Cu, Zn and Pb in residual and organic forms occupied the biggest proportion in the total in all these
paddy soils. The contents of organic Cu, Zn and Pb were obviously higher in the plain and hill regions than in the mountain region, whereas the
relative contents of Fe-Mn oxide combined Cu, Zn and Pb were the other way round. In paddy soils, carbonate combined Cu and Zn inhibited the
activity of calatase the most significantly, while exchangeable Pb did the activity of urease the most. It is, therefore, feasible to use carbonate
combined Cu, Zn and calatase activity as biochemical indicators of Cu and Zn pollution, and exchangeable Pb and urease activity as indicators of Pb
pollution of soils.
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