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Effects of Cr’" on soil enzyme activity

LI Tian*, LAl Hang-xian”, HE Wen-xiang", L Jia-long®
(a College of Life Sciences b College of Natural Resources and Environment ,

Northwest A& F University ,Yangling »Shaanxi 712100, China)

Abstract: [Objective) Influences of Cr®" on different soil enzymes activity were studied to provide a
fundamental groundwork for foundation of enzymology assessment index of soil polluted by heavy metals.
[ Method]) Red soil,cinnamonl, sandy soil, which are main soil types in China,were sampled. By using labo-
ratory simulation method, soil invertase,cellulase, urease,alk-phosphatase,arylsulfatase and dehydrogenase
activity were studied under different Cr'" contents. [Result] As Cr°" content increased,soil urease activity
reduced overall except for low fertility cinnamon soil and high fertility sandy soil; Soil invertase activity re-
duced overall except for low fertility cinnamon soil; Soil alk-phosphatase activity did not show identical
trend ; Soil cellulose,arylsulfatase,dehydrogenase and total enzyme activity reached significant negative cor-
relation with Cr’" content, ED;, on red soil was 186 mg/kg (cellulase),2. 6 mg/kg (arylsulfatase), 3. 8
mg/kg (dehydrogenase) . ED,, on cinnamonl soil and sandy soil was 162 mg/kg (cellulase),11. 7 mg/kg
(arylsulfatase),8. 1 mg/kg (dehydrogenase). [Conclusion) Soil organic matter had buffering effect for pol-
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lution by Cr®" , pH had certain influence on eco-toxicity of Cr®" ,soil enzyme in different types of soil showd

different sensitivity,arylsulfatase in acidic soil was more sensitive but dehydrogenase in alkaline soil was

more sensitive,and they both could be index to monitor soils polluted by Cr®".

Key words:Cr®" ;s0il enzymes; ED), ; total enzyme activity
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Table 1 Chemical properties of soils tested
Bt R 4y HHLE/ EX Vi i AL/ EX PH S T 28 4 1/
Soil samples No. (g kg b (g+kg M) (mg * kg™ 1) (g kg b pH (cmol‘- lfg D)
0.M Total N A.N Total P CEC
o7t 1 20. 02 1.43 126.70 0. 66 6.51 14.48
Red soil 2 9. 60 0.83 57. 38 0. 34 5.30 13.22
W 3 26.07 0.77 101. 93 1.83 7.82 8.05
Cinnamon soil 4 14.59 0.38 61.33 0. 80 8. 00 7.41
R+ 5 17.63 0.31 60. 37 0. 44 8.06 4.49
Sandy soil 6 0.92 0.02 5. 87 0.22 8.43 1.63
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Table 2 Soil invertase activity affected under different Cr®" contents ng/ (g h)
LR G5 Crf" /(mg+ kg™ 1)
Soil samples  No. 0 250 500 1000 2 000 3000 4 000
AR 1 304,75+3.70 a 181.35+6.66 b 175.60+£7.39 be  174.2942.59 be  167.49+4.81 cd 161.74+4.07 de 153.37%1. 11 e
Red soil 2 94,79=x5.85 a 71.18+1.89 b 67.71£1.13 be 63.18£1.13 cd 61.98+0. 94 cd 61.18£1.70 d 53.98+1.32 ¢
w1t 3 961.43+14.17 be 965.60472.02 be 880.45420.07 ¢ 920.52+34.34 ¢ 1043,24454,31 ab 1 042,.41415.35 ab 1 111.70459.03 a
Cinnamon 4 790.42+63.59 a 758.55439.44 a 729.52+25.76 ab 648.12416.90 be 612.26+11.27 cd 557.62+46.69 d 562.17+1.61 cd
Kb+ 5 288.74+1.52 a 182.45+0.76 d 153.34+3.54 ¢ 254.98+5.81 b 256.76+3.28 b 199.42+1.52 ¢ 154.59+2.27 e
Sandy soil 6 17.57=3.33 a 12.34%£2.96 ab 11.94%£2.03 ab 7.24%3.14 be 4.36%+0.18 ¢ 8.8142.77 be 12.60£0. 74 ab

AT B AR A ) R R R 25 5 3 (P<C0.05), % 3,5,7,8,10 [,

Note: Different capital letters in the same row mean significant difference at P=75% level in different Cr®" concentration. It is the same with

table 3,5,7,8,10.
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Table 3 Soil cellulase activity affected under different Cr°" contents pg/ (g« h)
Bt ERE S5 Cr%* /(mg+ kg™ 1)
Soil samples  No. 0 250 500 1000 2 000 3000 4 000
o1 8¢ 1 5.774£0.24 a 5.7740.05 a 5.2240.05 b 4,1540.43 ¢ 3.5040.19 d 3.364:0.48 d 3.2540.14 d
Red soil 2 3.7940.05 a 2.95+0.10 b 2.54+0.10 ¢ 1.7340.48 d 1.07+0.14 d 1.4840.34 ¢ 0.98+0.10 ¢
W+ 3 2.8340.31 a 2.7840.50 a 2.3840.06 a 4,03£1.63 a 3.54£0.06 a 3.1440.25 a 2.6540.94 a
Cinnamon 4 1.9440.30 a 1.2640. 18 ab 1.6040.06 ab 1.1440.24 ab 1.4340.66 ab 0.96+0.36 b 0.96+0.24 b
R+ 5 1.75£0.00 a 1.2440.05 abc  1.3140.53 ab  0.6020. 10 be 0.604:0. 10 be 0.564:0.53 be 0.5340.19 ¢
Sandy soil 6 1.0540.34 a 0.74+0.19 ab  0.4740.00 be 0.3640.05 be 0.3340.10 be 0.2940.15 be 0.1940.28 ¢
X4 TEALIHAEEHmENES C° SENMUEFE
Table 4 Regression equations between different soil cellulase activity and Cr’" content
AL 1 ' ey AH G R AL EDyo/
Soil samples No. Regression equation Correlation coefficient (mg+* kg™ D)
o7 B 1 U=5.50/(142.20X10"1C) —0.943" " 505
Red soil 2 U=2.98/(14+5.96X10*C) —0.890" " 186
B+ 3 U=2.92/(1—8.77X10 °C) 0.085 —
Cinnamon 4 U=1.58/(1+1.58X107*C) —0. 805" 703
Kb+ 5 U=1.23/(1+3.68X104C) —0.862" 302
Sandy soil 6 U=0.76/(1+6.84X107"C) —0.954% " 162

WeAME n—2=5,r0.05=0.755,7r0.01=0. 875, “ « "R KME B FH K. * » « "FIR MM B B F K. % 6,9,11,13 [F],

Note:Freedome n—2=5,r9. 05 =0. 755,790 =0. 875. “ % ”

is the same with table 6,9,11,13.
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Table 5 Soil urease activity affected under different Cr®" contents ng/ (g« h)
i Sr o T Crf" /(g » kg™ )

Soil samples  No. 0 250 500 1 000 2 000 3000 4000
R 1 12.3340.20 ¢ 12.5240.11 b 13.8720.11a  13.2420.16 ab  11.0520.64d  11.11%0.02d 9.594:0.53 ¢
Red soil 2 2.6240.27 a 2.1340.13 b 2.0240.04 b 2.2540.04 b 1.3240.20 ¢ 1.0320.11ed  0.68%0.18d
Wt 3 54.79+1.04c  55.6942.04c  55.29+0.52c  60.96+1.33d  61.87+0.81ab  61.70+1.90ab  64.32+0.19 a
Cinnamon 4 17.43%£0.04ab  17.03%£0.01b  17.85%0.63a  16.9740.33 b  17.2520.04 ab  16.8320.07 b  16.8820.00 b
Kb+ 5 46.7620.26a  45.0620.10b  43.46%0.26 ¢ 43.2540.03 ¢ 43.39£0.36 ¢  41.1120.43d  39.9540.16 ¢
Sandy soil 6 6.7840.01 ¢ 6.7440.08 ¢ 6.9240.04 b 7.0340.03 a 7.0640.04 a 7.07£0.06 a 7.1440.04 a

FHIBAE U= A/(1+ BXC) L4 1 1 IR B %
HOEH ' HROZHHRER.ERCGE 6O R
AN BR 4SS RSN M R IR S T
] 52 f 2 (P<C0. 05) Bl b 25 AH G OE &R (P<C0. 01)
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Table 6 Regression equations between different soil urease activity and Cr®" contents

3 4 B EIR=2 A T LEPSE X7 EDy/
Soil samples No. Regression equation Correlation coefficient (mg « kg™ 1)
o1 43 1 U=13.35/(1+8.01X 10 °0) —0.884% " 1387
Red soil 2 U=3.05/(14+9.15X1074C) —0.963" " 121
B+ 3 U=55.56/(1—3.89X107°0) 0.897" " 2 337

Cinnamon 4 U=17.39/(1—8.70X10 6C 0.610 —
b+ 5 U=45.45/(1+3.64X107°0) —0.935" " 3053
Sandy soil 6 U=6.83/(1—1.37X10750) 0.855" 6 636
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Table 7 Soil alk-phosphatase activity affected under different Cr®" contents

ng/ (g« h)

Bk 1R e Crf' /(mg+ kg )
Soil samples  No. 0 250 500 1000 2 000 3000 4000
o7 Kt 1 21.47£1.22b  26.1040.15 a 26.63+2.74a  18.8942.74b  14.69+0.15¢  19.1040.30 b 25.5640.61 a
Red soil 2 2.0340.66 de  1.3540.10 e 2.1440.20 de  2.46£0.25cd  3.3240.15 ¢ 4,4340.10 b 7.5940.71 a
w1 3 136.16+1.83 cd  144.98420.61 ab  134.7620.76 d 142,294, 11 abc 139.3944.56 bed 141,540, 30 abe  146.9242,43 a
Cinnamon 4 76.61+3.88a  73.52+0.87 ab  71.7340.68 be  70.91+0.49 bed  68.02+1.07 cde  67.54+0.00 de  64.11+0.58 ¢
R+ 5  52.65+3.63a  52.97+2.79a 47.5143.40 ab  48.92+2.48 ab  48.68+0.76 ab  44.65+1.57 b  43.79+0.34 b
Sandy soil 6 1.96+0.21 a 1.7940.33 a 2.09+0.03 a 2.15+0.00 a 1.7940.33 a 1.6840.18 a 2.06+0.12 a

2.5 O MEEFEMBERETENZ N
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Table 8 Soil arylsulfatase activity affected under different Cr’" contents

ng/ (g h)

Crf" /(mg » kg™ 1)

P 1 i =
0.

Soil samples No. 0 25 50

100 150 200 250

4T 33 1 9.60+0.41a 3.65+0.60b 0.41+0.63 ¢ 0.12£0.20c 0.2640.23 ¢ 0.00£0.00 c 0.00£0.00 c
Red soil 2 1.754+0.08a 0.5940.08 b 0.0040.00c 0.00+0.00c¢ 0.00£0.00c¢ 0.0540.09 ¢ 0.0040.00 c
w4 3 20.6940.74 a 14.3940.82b 14.484+0.26 b 12.024+0.94 ¢ 10.44+0.87 ¢ 10.9041.54 c 0.77%1.46d
Cinnamon 4 16.08+0.78a 9.06+0.39b 7.92+0.56 ¢ 4.89+0.84d 4.58+0.23d 3.914+0.37d 2.23%0.44 e
K+ S 6.73+£0.05a 4.15+0.12b 3.754+0.24 be 3.09+0.44 be 3.6040.17 cd 2.8540.29d 3.1540.42 cd
Sandy soil 6 0.06+0.00a 0.024+0.00b 0.0240.02b 0.00+0.00b 0.004+0.00b 0.014+0.01b 0.014+0.01b
RABR U=AX M MM R T %9,
(U5 Cr'" & (O[] (A AT 05 45 2R
9 AEALIHFTERBEHREES G 2ENUEFE
Table 9 Regression equations between different soil arylsulfatase activity and Cr®" content
KL e EESRT B ED:./
Soil samples No. Regression equation Correlation coefficient (mg * kg™ 1)
o7 3 1 U=2. 718 - 001 —0. 858" 2.6
Red soil 2 U=0. 344¢ 0031 —0.819" 3.4
w4+ 3 U=24. 878 - 00% —0.782" 11.7
Cinnamon 4 U=12.098e - 007 —0.958" " 15.1
Kb+ 5 U=4. 8550 00% —0.756" 52.7
Sandy soil 6 U=0.027¢ 0-00% 0.714




176 T AR MR R 22 4R CA R O

%40 B

M9 T LU S BR 6 5 R AEAh  HAD AR Y Sk
TR PR IR BTG Tk 5 Cr' & 2 (8] A9 A OGP ik I =35 sl il
BFE A, B Cr® X 57 25 5 R T il o 56 42 40 i /R
P AL A5 3 4 1 400 ) 0 AR 5 2 P00 1)) o 3R 1 55 2
M T Pl 7 — o it JEE B A RAE R4 Cr® " {5 Qe Y
Koo ARMYE AL Cr " RIS Y ED, %
/N 2.6 me/kg. AU RPE 1 5809 £ KT
Cr' B {5 Y EDyfie/D o 11,7 mg/kg, UL 07 5
Bt R T Al o Cr® " 5 B 0 o UK L AT RAAE D AR Cr®

2.6 Cr'' Xt ZER SEE ARG

VE R RAE LA W IS R AR F e bR 2 —
it S T e s SRR M R RO . B R 10
ATRVE WA Cr 5, 45 3+ R B S0 06 P 3
AL, Hop 1.2 6 5 RE A RIS e et
FHE A 50,25,25 mg/kg B A2 B 5E 4 W0 5 3
4.5 5 FEBL AR EE Cr' " 58 25 mg/kg B
ZHN T — M, A B P RO S 0
54.60% ,61.64 %A1 62.50%,

H I MR —
10 FEGECT EATHKIEFRSEEENTL

Table 10 Soil dehydrogenase activity affected under different Cr®" contents ng/ (g« h)

Crf" /(mg » kg™ 1)
0 25 50 100 150 200 250

P+ 9
Soil samples No.

4T 18 1 0.714+0.16 a 0.0240.02b 0.00£0.00b 0.004£0.00b 0.00£0.00b 0.00£0.00b 0.00£0.00b
Red soil 2 0.9540.18 a 0.0040.04 b 0.00£0.00b 0.0040.00b 0.04£0.00b 0.0940.00b 0.00£0.00 b
w4+ 3 1.63%0.15a 0.7420.02b 0.6520.03 b 0.4620.04 ¢ 0.2520.02d 0.22£0.09d 0.09%£0.02 ¢
Cinnamon 4 1.59+0.05a 0.614+0.03b 0.36+0.02c 0.1640.05d 0.1240.01 de 0.07£0.01 ef 0.0440.01 f
v+ 5 0.8840.00a 0.33+0.00b 0.2540.01¢ 0.1940.03d 0.12£0.00e 0.134+0.01e 0.0540.00 f
Sandy soil 6 0.1440.00 a 0.0040.00 b 0.0040.00 b 0.0140.00 b 0.00£0.00b 0.0040.00 b 0.00240.00 b

KB U= A X ¢ X%t i & B 3% 1 (UD 5
Cr'" Hi (O MMM CHEHFITA SR E 1D E
L1345 SR AR EE S Cr & i A A
O TR A S 2 A OGO R B SR A — o R
IR Ry A 1 85 YL 78 B A 48 A B R 58 @ I il AE
Mo AR Crf X R BB ED, Ry 3. 8~

11 FEIHBEBEES ' SBOMAHE

11.7 mg/kg, Hp R R MR M L M 2T Cr* " $2 V5
e ED\ fe/NA 3. 8 mg/keg AR - HE /Y1 + A
Wb+ Cr' 8 BEV5 Y« EDy fie /bR 8.1 mg/kg.
B 8 S Cr V5 Y e b BURK, 1T DU S R AE Cr' "
TENEERZ —.

Table 11 The regression equations between different soil dehydrogenase activity and Cr’" content
AL 1 HE P WA T7 AH G R AL EDyo/
Soil samples No. Regression equation Correlation coefficient (mg+* kg™ )
o7 e 1 U=0. 118¢ 002 —0.932" " 3.8
Red soil 2 U=0. 111e 0008 0.618 —
Wt 3 U=1.226e 00k —0.975" 10.5
Cinnamon 4 U=1.107e 01 —0.965" " 8.1
Wb+ 5 U=0. 5280009 —0.932" - 11.7
Sandy soil 6 U=0.006¢ 0013 0.713

i A TR S AL R 2T 4 R R IR A
2 Wi PR TR B AR SR AR 12,

2.7 Cr'' BB EEENZI
P AN [ ol 2 il X % 11 95 e S B A T 22 5%
T A R R AR N AR R A TR Cr®
® 12 AEGEC EATHRTHLEEEEMNETK

+

Table 12 Soil total enzyme activity affected under different Cr'" contents

Hhik - # ErRe) Crf* /(mg » kg™ 1)
Soil samples No. 0 250 500 1 000 2 000 3000 4 000
o7 1 1.65 4. 40 4.19 3.48 2.96 2.97 2.96
Red soil 2 2.27 1.76 1.56 1.17 0.82 1.03 0. 82
w1+ 3 9.27 9.49 8. 82 10. 14 10. 22 10. 06 10. 24
Cinnamon 4 5.52 5.01 5.10 4.59 4.58 4.17 4.11
R+ 5 4.77 4.15 3.92 3.88 3.89 3.53 3.32
Sandy soil 6 0. 89 0.72 0. 60 0.54 0.51 0.51 0.48
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F 12 A UF B IA Cr 5. BR 3 5 1 4E Er
B W& T A Hoft -k Er (E AR, W —28 8 +
gerb HMRE AR CFF AR, A AL S R
+HE EcHRTANLE & AN LRI B S
Cr' " F it i3 hn A HLBT & AR H A E 8 i R I
RFA LT & &m0 AR, X R R e A LR
B A T Cr' ' ¥ Y HAT B Y 2% v BE

KRR U=A/(1+BXCO Xt Cr*" Er {U)

MO HEOBTUEEREIDBRBR3 5
TRESN, HAl £ RE Ee (5 C FEEE B % (P<
0. 05) Bk & 3 (P<C0. 01) fAH ¢, #87R 1 Er {H7E
— R LAl S 37 ' Y5 Y R B LA
KRB —FE M. AR 0 2 4
Cr' BBV EDy s/ 317 mg/ kg, AARHBPE 1
B AT = Cr RIS Y EDy e/ 788
mg/kg,

® 13 FARAIHLGEHELES O SENNEFE
Table 13 The regression equations between different soil total enzyme activity and Cr®" content
Pt 4 G5 A I AHOC R L ED)o/
Soil samples No. Regression equation Correlation coefficient (mg* kg™ 1)
T 1 U=4.31/(1+1.29X10 ) —0.905" 861
Red soil 2 U=1.75/(1+3.5X10 1C) —0.872" 317
w4+ 3 U=9.32/(1—2.8X10°C) 0.715 —
Cinnamon 1 U=5.21/(1+5.21X10 °C) —0.945"* 2133
Wk + 5 U=4.33/(1+8.66X10°C) —0.910" 1283
Sandy soil 6 U=0.7/(1+1.41X107'0) —0.844" 788

3 4 ik

D A PR Cr* 15 4 B A B W 1Y 2% op 1
FH A BB A 8 % Ce% V5 e i 9% b 1
5 o Cr® " X6 L A Tl 05 1 410 0 4 T30

DWW Cr™ J5 L WA Cr' R, bk 3 %
F1 6 5 A R il I P R SR R A A At R
IR O 1 SR R R S B AR AL 22 55 BR 3
5 RS A A R A PR AR T R R BT
E S = R T 7l R R PP E o N T N
ST PR A K BE AR 4 M 4005 - 398 5 0 ity L o 1 s 2 g
WS Crf SRR, R 2 FEgA GE1R 4 1
FAE HHE Cr' " 75 YL REBE 1Y KN,

W Cr™ J5 L BB T & AR R L5
HE B I G AN SRR TS R U= A/(1+BXO)
W U=AX" BRPA T LTS Cf & &
ZEPRER A B E R #E (P<0. 05) s i B
FIKE(P<<0. 01, 875 i LA F 3 Fl il i 4 1 ] 3%
fIE 5 Cr"" V5 Y (W R2 B FL R m ML EEL O 5 4 9 i 1
. REMmMELHE L Cr 5 i/ EDy 439
Hy: 4 4k K W 186 mg/kg., U5 G R MR B 2. 6
mg/kg i M 3. 8 mg/ ke AURTRE 13 /Y L AN
A 4 Ce' 35 Ye e /N EDy 43 5 Oy - £F 4 K 1§ 162
mg/kg . J7 HE G R BR i 11. 7 mg/kg. i A i 8. 1
mg/ kg, ARHE I 5 )N B R TR U AT R Y R
7 i R0 Sl X Cr® ' g e T UG Y AT AR SR 3R
fiE Cr®" 3 (Y B HE A7

O ERTTE E HEE A Cr®" & ik i 3 m i

K, JF BABLET & & KA 4 Er (B B REIE K T A Bl
JBT % R 8 TR s S AL 5 T AR R A 4 g AL
e Cr" R EEVS Y Y EDy dRe /R 317 mg/ kg fRER
Bt R £ A XD £ O BT Y EDy fie /b
4 788 mg/kg,

SHMAE LRI LA . 13 pH X Cr*" B4
ABTEVEA — R0, A7) 1 1 B LE 1R 0P AN W) 9 1
Herp B Cr' B B Vs Yo i SRR R — B, 3L
AR R P A b O R R TR I 6 Cr® T B RE R

SRR A B g TP SR X Ce® Y T RO
fgk.
[ 5% 3Tk ]

(1] Bz #imd 5PE [T, w5 Ih & %40 . 1985,20(2) : 78-80.
Liit X Z. The prevention and cure of the pollution by chromium
[J]. Journal of Heze Teachers College, 1985,20(2) ;78-80. (in
Chinese)

(2] # RL.FeAd. Sl Skt R s m g S5 maaomr (1] %
A 5B 2F ], 2004,4(2) :34-37.
Du L, Wang J S. Environmental impact of chromic slag and a-
nalysis of chromic slag’s output [J]. Journal of Safety and En-
vironment,2004,4(2) :34-37. (in Chinese)

[3] Dai J,Becquer T,Rouiller ] H,et al. Heavy metal accumulation
by two earthworm species and its relationship to total and DT-
PA extractable metals in soils [ J]. Soil Biol Biochem,2004,36;
91-98.

[4] Arun K S,Carlos C,Herminia L. T,et al. Chromium toxicity in
plants [J]. Environment International,2005,31(5):739-753.

[5] Grabarczyk M, Korolezuk M, Tyszczuk T. Extraction and de-
termination of hexavalent chromium in soil samples [J]. Annl

Bioanal Chem,2006,386:357-362.



178 [ e N R NG =t A QE RN N 3 1)) %40 B
(6] BRICHL (a7 SR A F- L 45 SRS fE L3 i 5 e fb [T REBEBETE L), el FREEFL #2412, 2010, 29(1) : 104-109.

(7]

(8]

9]

[10]

[11]

(12]

[13]

[14]

AN PR EE AR P,1995,14(3) :105-110.

Chen Y X,He Z Y,Wu ] P,et al. Transformations of fortified

Cr in soils [J]. Agro-environmental Protection, 1995, 14(3):

105-110. (in Chinese)

£ AmARE PR TTR (ML dba: = A,

1991.

Wang K. Trace Element in life science [ M]. Beijing: China Es-

timate Press,1991. (in Chinese)

ZEDUI. BB S Y 5 R (ML WG R« SRR VLR AL

1985:168-169.

Li H Q. Environmental pollution and organism [ M]. Haerbin:

Heilongjiang Science and Technology Press,1985:168-169. (in

Chinese)

Tabatabai M A,Dick W A. Enzymes in soil research and devel-

opments in measuring activities [M]. Burns R G, Dick R P. En-

zymes in the environment activity ecology and applications.

New York, USA:Marcel Dekker Inc,2002:567-595.

Caldwell B A. Enzyme activities as a component of soil biodi-
versity: A review []]. Pedobiologia,2005,49(6) ;:637-644.
Wyszkowska J,Kurcharski J, Lajszner W. The effects of cop-
per on soil biochemical properties and its interaction with oth-
er heavy metals [J]. Polish Environ Stud,2006,15:927-934.
E W, R R, % SMEE 4R Cr.Cu,Se fl Zn Xf
B LT VAR AR B K iR B R R
M2 ,2008,36(7):91-98.
Yan F,Wu X P, Liang D L,et al. Influences of different con-
centrations of exterior heavy metals Cr, Cu, Se and Zn on
three soil enzymes in Lou soil [J]. Journal of Northwest A&.F
University: Nat Sci Ed,2008,36(7):91-98. (in Chinese)
Samborska A, Stepniewska Z, Stepniewski W. Influence of dif-
ferent oxidation states of chromium( V[, [l )on soil urease ac-
tivity [J]. Geoderma,2004,122(2/4) ;317-322.
7315 & S CU = = A SO 7 N T i 5 e 2 e

[15]

[16]

[17]

[18]

[19]

[20]

He W X,Wang J,Gao Y J,et al. Effect of different valences
chromium on soil alk-phosphatase characteritics [ J]. Journal
of Agro-Environment Science,2010,29(1):104-109. (in Chi-
nese)

gt AL R AR BT (M. 3 7. Jb s v B A SRR AL,
2000.

Bao S D. Agricultural chemistry analysis for soil [M]. 3th ed.
Beijing: China Agriculture Press,2000. (in Chinese)

Doelman P, Haanstra L. Short- and long-term effects of heavy
metals on phosphatase activity in soils [ ] ]. Biology and Fertil-
ity of Soils,1989,8(3):235-241.

FRSCHE LS EIRAR L 55 3 BRI P38 A 19 0 25 BF 5%
[J]. £ 3E241,2010,47(6) : 1232-1236.

He W X, Tan X P,Wang X D, et al. Study on total enzyme ac-
tivity index in soils [J]. Acta Pedagogical Sinica,2010,47(6) :
1232-1236. (in Chinese)

Speir T W,Kettle H A,Parshotan A, et al. Simple kinetic ap-
proach to examine the toxicity of As (V) to soil biological
properties [J]. Soil Biology and Biochemistry, 1999, 31.705-
713.

B stk , XU Ar 4L ARELF . A XA B IR 55 o 0 1297 AR B AL
i LA bt [1]. h E A FRHE 4%, 2010, 13 (13) :
1398-1400.

Yang G H,Liu H H, Lin K P. Analysis of exponential curve
fitting about changing trend of numbers diagnosed and treated
patients in community health center [ J]. Chinese General
Practice,2010,13(13):1398-1400. (in Chinese)

FISCHE A EE 3K TR — . AR5 B W ¢ & i BF 5T IOk
(). B35 EEE,2000,9(2) :139-142.

He W X,Zhu M E,Zhang Y P. Recent advance in relationship
between soil enzymes and heavy metals [ J]. Soil and Environ-

mental Sciences,2000,9(2):139-142. (in Chinese)



