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Soil urease activity afected by copper

1 : 1,2 H 2
WAN GJuan™ ,HE Wen-xiang “ ,Sun Tie-hang
(1 College of Resources and Environment, Northwest A & F University, Yangling, Shaanxi 712100, China;
2 Shenyang Key L aboratory of Environmental Engineer, Shenyang,L iaoning 110044, China)

Abgract : Copper is a double element in the soil. In order to investigate the copper eco-toxicity by
means of s0il enzyme,the relationship between soil urease and copper is systematically studied by using
smulative method. The results showed that soil urease activity wasincreased with the improvement of oil
fertility. But the urease activity was remarkably reduced by the introduction of copper into il ,and the re-
lationship between them was up to the significant negative correlation level so that soil urease activity could
be used as a testing index of soil polluted by copper. Calculated copper ecological dose EDio and EDso val-
ues ,which could be used as different polluted levels,were 94. 00 - 151. 75 and 470.40 - 759. 28 mg/ kg in
s0il s tested. Urea concentration showed little effect on ecological dose. The kinetic parameters such asV max ,
Vmax/ Km and k were reduced with the increase of copper concentration ,and their relationship was up to the
significant negative correlation level s ,except theincreased Km value. It was proved that the copper reaction
mechani sm was a mixed inhibition ,including both competitive and non-competitive efect ,while the nor-
competitive mechanism was more important. Our results demonstrated that soil urease could be used as an
indicator for soil copper pollution.

Key words: soil urease;copper ;kinetic parameter ;reaction mechanism;Lou s0il ;Red soil
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Table 1 Physcal-chemical properties of il tested
/ / / /
Sampling site Soil types Soil No. (go'.kﬁj ) (gT;)tt\Ig -Nl) (gfotgl -;) AIkaJi(r?e- hi;?j;oll)ytic N Pr
1 19.60 2.48 3.71 0.113 7.79
Yangling , . 2 11.13 2.44 3.59 0.065 7.01
Shaanxi Lou =i 3 11.20 2.44 3.57 0.043 7.89
4 17.30 1.62 1.58 0.102 5.57
Yingtan . 5 11.09 1.01 0.79 0.067 5.71
Jiangxi Red ol 6 9.85 1.01 0.71 0.059 6.07
1.2 Vo = (Vi X[ S])/ (Kn +[S])
5.00 g 1mL ,15 min :
5 mL (0.0,50.0,100.0,250.0,500.0,  In([S]/[SD/t=([S]- [So])/tX Kn+Vma/ Kn
1 000.0 mg/ kg) (Cudyz) ,30 min Vo t ,
10 mL (0. 005,0.010,0.050,0.100  [So] [S] t
mol/ L) 20 mL pH 6.7 In((S/[SD/t  ([S] -
37 : 3h , [S])/t , Km Vi
bl NHs-N : 3 1.3.2 k
: «C ) k
1.3 k=1 txIn(Va (Va- Vy))
1.3.1 Km Va Vi t

V max
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0 1000.0mgkg |,

2.1 )
0. 100 mol/L , (r=0.895") (r=0.931")
0.0,50.0,100.0,250.0,500.0,1 000.0 mg/ kg ,
2 2 [15]
2
Table2 Hfect of different Cu concentration on il urease activity of ils tested Mg (g- h)
Cu / (mg- kg~ 1) Cu concentrations
Soil samples 0.0 50.0 100.0 250.0 500.0 1 000.0
1 6.10 5.43 5.07 4.69 3.04 2.31
2 4.39 4.35 3.51 3.08 1.40 1.45
3 2.37 2.19 1.68 1.27 0.70 0.55
4 6.71 4.34 3.77 2.35 2.45 0.78
5 3.23 3.04 1.67 1.07 0.72 0.47
6 2.50 2.01 1.33 0.86 0.45 0.34
2 , , ; 1000.0 mg/ kg ,
, 0.100 mol/L , 61.7% 90.5%
0 mg/ kg | 50.0 (V) (Ceu)
mg/ kg , 0.91% , 3
35.32% ,
3
Table 3 Regression equations between soil urease activity and Cu concentration
. /(mg- kg )
) /(mol - L-1) ) ) ) . Ecological dose
Soil sample No. Urea concentration Regresson equation Correlation coefficient
ED1o EDso
0.005 U=3.1314- 0.002 1 x Ccu -0.950 "~ 149 746
1 0.010 U =3.889 8- 0.002 6 X Ccu -0.957 " 150 748
0.050 U=4.877 4- 0.003 1 x Ccu -0.920" " 157 787
0.100 U =5.6005-0.003 7 X Ccu -0.955 "~ 151 757
0.005 U=2.846 8- 0.002 5 %X Ccuy -0.892" 114 569
5 0.010 U=3.4142- 0.003 1 x Ccu -0.909 " 110 551
0.050 U=3.6794-0.003 1x% Ccu - 0.900 " 119 593
0.100 U=4.0203- 0.003 1 x Ceu -0.890° 130 648
0.005 U=1.2436- 0.001 2 x Ccu -0.862° 104 518
3 0.010 U=1.4554- 0.001 4 x Ccu -0.836 " 104 520
0.050 U=1.8100- 0.001 6 x Ccu -0.871° 113 566
0.100 U=2.017 3- 0.001 8 X Ccy -0.891" 112 672
0.005 U=2.3216- 0.002 1 % Ccuy -0.933"" 111 553
4 0.010 U=2.9755- 0.002 7 x Ccu -0.902 " 110 551
0.050 U=4.4030- 0.004 2 x Ccy -0.886" 105 524
0.100 U=4.8348-0.004 5 X Ceu -0.843" 107 537
0.005 U=1.6687- 0.001 8 x Ccu -0.821° 93 464
5 0.010 U=1.9543-0.002 1 x Ceu - 0.802 93 465
0.050 U=2.2857- 0.002 3% Ccy - 0.801 99 497
0.100 U=2.492 9- 0.002 5 X Ccu - 0.805 100 499
0.005 U=1.1485- 0.001 3 X Ccu -0.854" 88 442
6 0.010 U=1.3269- 0.001 4 x Ccu -0.847° 95 474
0.050 U=1.6350- 0.001 7 X Ccu -0.849" 96 481
0.100 U=1.8433- 0.001 9 X Ccu -0.823" 97 485

n- 2=4,r0.0s =0.811,r0.00 =0.917 5
Note:Freedome n- 2=4,r0.05s =0.811,r0.01 =0.917. It is the same as table 5.
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, 4 , (1) Km
, 1.38 7.79 1.53 7.51 mmol/L ,
57 , Kn ,
[16] '
: (2) : Km
(Ecological dose) EDwe EDso®*" , (0
10% 50 % . 1000.0 mg/ kg) :
« ) ;
3 (1) (3)

,ED1o  ( + , ) 1 , Km ,
(151. 75 + 3. 59) mg/ kg ,2 (118. 25 + 8. 65) 0] (4) 4
mg/ kg ,3 (108.25 +£4.92) mg/kg; 45,6 , V max

ED1o (108.20£2.75) ,(96.25 ,
3.77) ,(94.00 +4.08) mg/ kg , (5)
, ( ED1o) V max ,
, : V max : ( 5
) 4 , V max
(2) 1,2,3 ,
EDso (759. 28 +18.89) ,(590. 48 + 42. 41) - ,
(569.00 +72.3) mg/ kg; 45,6 EDso
(541. 29 + 13. 37) , (481. 08 + 19. 26) , Kum :
(470.40 +19.66) mg/ kg, , ,
(569. 00 WVimex! Km
759.28) (470.40 541.29) mg/ kg; ,
, EDsac  EDuwo k
(3) ,ED1o  EDso , (18] 4 5
(4) (1) 1 4 ,
(94.00 Viax! Kn K )
151.75) (470.40 759.28) mg/ kg (5) , 1 (2)
(ED1o EDso ) ) )
, pH , Viax! Km  k
, , , : (3)
, Vi Km  k
2.2 , , 4 6
Vmax! Km
[18-20] Ko ,

Km , y - ’
; WVmax Vmax! Km k

Vmax ’ -
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4
Table 4 Hfect of different Cu concentration on Kinetic parameter of urease of ils tested
/ Kinetic parameter
i -1
i DI NO ) o entrrons (L1 L etnn (e M(x10) r
0.0 1.68 25.047 14.870 4.174 - 0.924
50.0 2.00 22.598 11.274 3.504 - 0.891
1 100.0 1.70 21.488 12.612 3.636 -0.823
250.0 1.81 17.943 9.927 2.877 - 0.917
500.0 2.08 12.054 5.779 1.850 - 0.803
1 000.0 2.13 8. 200 3.849 1.214 - 0.892
0.0 2.18 18.883 8.657 3.078 - 0.601
50.0 2.55 15.345 6.009 2.292 - 0.561
100.0 2.04 12.278 6.013 2.046 - 0.548
2 250.0 1.86 8.824 4.728 1.445 - 0.766
500.0 3.79 4.976 1.311 0.591 - 0.574
1 000.0 4.53 4.696 1.037 0.477 - 0.792
0.0 1.51 9.180 6.097 1.637 - 0.865
50.0 1.77 7.400 4.172 1.207 - 0.893
100.0 1.38 4.895 3.543 0.875 - 0.928
3 250.0 2.95 3.920 1.328 0.505 - 0.750
500.0 4.90 2.176 0.444 0.213 - 0.605
1 000.0 7.79 1.801 0.231 0.128 - 0.774
0.0 2.00 40. 449 20.215 6.303 - 0.937
50.0 2.42 33.408 13.815 4.672 - 0.967
4 100.0 1.89 13.504 7.144 2.097 - 0.953
250.0 1.53 7.707 5.049 1.307 - 0.940
500.0 1.88 7.976 4.235 1.270 - 0.817
1 000.0 2.09 3.965 1.897 0.611 - 0.757
0.0 3.52 14.658 4.168 1.845 - 0.569
50.0 3.37 10.857 3.222 1.373 - 0.607
100.0 2.30 6.254 2.720 0.962 - 0.617
> 250.0 1.97 3.488 1.767 0.542 - 0.842
500.0 3.79 2.082 0.549 0.232 - 0.822
1 000.0 7.51 0.175 0.023 0.131 - 0.534
0.0 1.77 7.089 4.012 1.143 - 0.930
50.0 2.27 5.343 2.351 0.769 - 0.910
100.0 2.47 3.860 1.565 0.551 - 0.748
6 250.0 2.87 2.322 0.809 0.302 - 0.795
500.0 6.52 1.415 0.217 0.112 - 0.767
1 000.0 5.19 0.492 0.095 0.045 - 0.828
n- 2=14,r0.05 =0.497, ro.o1 =0.623 Note:Freedome n- 2=14,r0.05 =0.497,r0.01 =0. 623.
5 (Cau)
Table5 Relationship between soil urease kinetic parameter and Cu concentration
Soil sample Regresson equation C%O;;iel;;ﬁz Soil sample Regresson equation Cogé;id;:notg
1 Vmax =23.14 - 0.016 6 X Ccy -0.964 " 4 Vmax =27.022 - 0.029 % Ccu -0.723
Vmax/ Km=12.967 - 0.103 % Ccu -0.934"" Vmex/ Km=13.059- 0.013 7 x Ccu - 0.750
k=3.7811- 0.002 9 x Ccu -0.95 " " k=4.0816- 0.004 3 x Ccuy - 0.728
2 Vmex =14.861- 0.012 7 X Ccu - 0.846 " 5 Vmax =10.027 - 0.011 9 x Ccu -0.818"
Vimex/ Km=6.8206- 0.006 9 x Coy -0.889" Vmax/ Km=3.287 3- 0.003 8 x Cu -0.912°
k=2.3953- 0.002 3 % Ccu -0.876" k=1.3128- 0.001 5 %X Ccuy -0.829"
3 Vmax =6.897 2- 0.006 3 x Ccu -0.824" 6 Vmax =5.199 8- 0.005 6 x Ccu -0.85 "
Vmax/ Km=4.238- 0.005 1 x Ccu -0.821°7 Vmax/ Km=2.464 8- 0.003 % Ccu - 0.770
k=1.171- 0.001 3 X Ccy - 0.834° k=0.7739- 0.000 9 X Ccy - 0.819 "
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