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Effect of Different Valences Chromium on Soil Alk—phosphatase Characteritics

HE Wen—xiang', WANG Juan', GAO Ya—jun', TIAN Hai—xia', CAO Wei-dong*

(1.College of Resources and Environment; Northwest A & F University; Yangling Shaanxi 712100, China; 2.Institute of Agricultural Re—
sources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China )

Abstract: Chromium is was one of four heavy metals to pollute environment. However, its ecological toxicity to organism varies considerably
for different species of chromium. In this paper, by simulative, soil alkaline phosphatase parameters are applied to study the effect of different
valences chromium. Results showed that the Soil alkaline phosphatase activity was remarkably inhibited by chromium. Cr* was more seriously
inhibited than C1*, the critical concentrations were 151 mg-kg™ and 1 132 mg-kg™ for Cr** and Cr® respectively when soil is slightly polluted,
6.5 times difference between Cr** and Cr®. Alkaline phosphatase activity, V, and & could be indexes to monitor soils polluted by chromium,
because there were significant or remarkably significant correlation between soil alkaline phosphatase parameters and chromium concentra—
tions. Their reaction mechanism was fully inhibited by model U=8y/(B,;xC+1), and non—competitive inhibition by soil enzyme kinetic further.
The inhibition constant K; was Cr*<Cr®, Cr* had stronger affinity than Cr* with active sites of alkaline phoshatase.
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Table 1 The chemical properties of soil tested

Rt o AOUR 2By 2/ WEAR/
5 Hi w5 g-kg’  grkg?  gkg' mgekg!

pH

Wt EE 1 2460 165 118 7100 8.12
2 1036 107 066 3300 843
Bt g% 3 1396 126 076 4600 825
4 1160 118 062 2800 849
Rt Mtk 5 774 058 059 4500 8.06
6 729 062 054 3300 827
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Figure 1 The alk—phosphatase activity of soils tested
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Table 2 Soil relative alk—phosphatase activity affected by different

valence chromium(% )

B E /mg kg™

Cr LRSS 0 250 500 1000 2500 5000
Cr* 1 100a  93.42b 88.09¢c 79.63d 55.81le 36.07f
2 100a 101.72a 100.00a 85.42b 54.54e 26.23f
3 100a  91.06b 86.59¢ 76.90d 56.79¢ 32.57f
4 100a  95.83b 91.86b 85.60c 59.94d 34.49f
5 100a  89.02b 80.78¢ 65.69d 24.97¢ 23.14e
6 100a  94.46b 92.51b 69.39d 34.87¢ 17.28f
Cr* 1 100a 101.62a 96.77a 87.88b 86.27b 82.23c
2 100a  96.59a 95.62a 100.00a 94.16b 72.73c
3 100a  96.99a 98.12a 101.88a 86.82b 76.65¢c
4 100a  97.12a 94.13a 92.54b 81.37¢ 66.01d
5 100a  97.09a 101.16a 97.09a 87.77b 80.20c
6 100a  98.19a 98.80a 96.99a 87.97b 72.32¢

T DR BRI P =ALh B 7 T M X AR TS 1 100%% 5
I TEER R AR 2428 Duncan’s 2 HE2E 7 838 (P<0.05).

MRS, R 2B IR 22 RIR R T BEK
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Cr R, Ci%H) EDy JEREIA 1 132~2 689 mg kg™, Cr**
I 151~751 mg-kg™, REABERREEXT CrvBE G AE
FHEESR o (7) T SBEmE 1 A B, TR TS LI 57
WeE R Cr*151 mg-kg?, Cr*1 132 mg-kg™,
2.2 4%t T B RS R Bh 1 RAFE R I
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Table 3 The regression equations between soil alk—phosphatase activity and Cr concentration

. - U=A+BxC U=A/(1+BxC)
WA MRFEE EDo(mg-kg™) MEHE HARE  EDo(mg-kg')

Cr* 1 U=0.950-1.26x10*C 0.982* 751 U=1.015 3/(1+3.26x10*C) 0.998™ 341
2 U=1.026 7-1.60x10*C 0.987" 641 U=1.10/(1+3.91x107C) 0.979* 284
3 U=0.939 1-1.29x10*C 0.986™ 727 U=1.005 5/(1+3.43x107*C) 0.991* 324
4 U=0.984 5-1.33x107C 0.994* 741 U=1.038 1/(1+3.06x107*C) 0.988" 363
5 U=0.879 3-1.56x10“C 0.906 565 U=1.039 3/(1+7.35x107*C) 0.933" 151
6 U=0.947 8-1.73x10“*C 0.957* 547 U=1.075 3/(1+6.38x10*C) 0.992* 174

Cr® 1 U=0.980 9-3.65x10°C 0.868" 2 689 U=0.987 2/(1+4.79x10°C) 0.889" 2322
2 U=1.008 4-4.97x10°°C 0.924* 2030 U=1.010 2/(1+6.03x107°C) 0.920" 1842
3 U=1.008 7-4.84x10°C 0.950" 2 085 U=1.013 4/(1+6.11x107°C) 0.963* 1818
4 U=0.987 7-6.64x10°C 0.997* 1487 U=0.999 8/(1+9.82x107°C) 0.997" 1132
5 U=1.002 9-4.16x10°C 0.971* 2 413 U=1.007 5/(1+5.20x107°C) 0.979" 2139
6 U=1.009 7-5.58x10°C 0.994™ 1811 U=1.015 8/(1+7.29x10°C) 0.986™ 1524

VE: B HEE n-2=4,r05=0.811,r90 =0.917,,



F298% 1M

S W

o

Eicd

107

R4 Coxt HIEEIERIERERS 1 F S8 AR

Table 4 Effect of Cr** on kinetic parameters of alk—phosphatase

in soils tested

S5 Coxt T REE EREERER R 1 F S HH RN

Table 5 Effect of Cr* on kinetic parameter of alk—phosphatase

in soils tested

+H CrkE/  KJ Vod Vil K k TR CrHRE/ K./ Vod Vil K k
%5 mg-kg? mmol-L'umol-L'-g?+h? (x10®) (x103-h™) r %5  mg-kg? mmol-L'wmol-Lt-g-h? (x107) (x10°-h™) r

1 0 4.80 167.25 34.85 17.57 -0.978" 1 0 5.27 181.46 34.46 18.09 -0.964"
250 4.25 152.13 35.77 17.11  -0.984" 250 4.77 175.02 36.73 18.51 -0.977"

500 391 142.40 36.40 16.76  -0.976™ 500 447 174.78 39.08 19.28 -0.937"

1 000 3.49 125.75 36.05 1570  -0.974™ 1 000 4.39 165.06 37.58 18.36  -0.950"

2 500 1.85 75.71 40.84 12.58 -0.979" 2 500 3.86 151.48 39.23 18.07 -0.967"

5 000 3.06 50.82 16.62 6.57  -0.944" 5 000 3.92 123.00 31.36 1437 -0.964"

2 0 2.34 54.98 23.49 8.07 -0.983" 2 0 3.86 137.52 35.60 1632 -0.951"
250 2.04 53.14 26.09 829  -0.983" 250 3.67 140.70 38.33 17.24  -0.940"

500 1.80 48.24 26.80 793  -0.963™ 500 351 139.07 39.58 1743 -0.960"

1 000 1.24 40.99 33.11 7.68  -0.985" 1 000 3.00 135.40 45.16 18.95 -0.971"

2 500 1.70 26.73 15.72 460 -0.713" 2 500 3.86 151.48 39.22 18.07 -0.967"

5 000 — — — — — 5 000 3.92 123.00 31.36 1437 -0.964"

3 0 6.79 162.56 23.94 1372 -0.954" 3 0 4.46 148.98 3342 16.27 -0.944"
250 4.04 124.68 30.84 1433 -0.986™ 250 4.17 146.64 35.18 16.62 -0.971"

500 4.18 119.82 28.68 1349 -0.975™ 500 4.64 161.17 34.76 17.28  -0.940"

1 000 3.77 102.43 27.20 12.19  -0.950" 1 000 4.64 160.61 34.58 1717  -0.950"

2 500 2.97 71.67 24.10 9.57  -0.924" 2 500 3.24 126.05 38.87 16.44 -0.929"

5 000 2.77 35.81 12.92 488  -0.857" 5 000 443 110.10 24.87 1197 -0.897"

4 0 4.18 122.33 29.26 1376  -0.964" 4 0 3.75 133.71 35.67 16.02 -0.983"
250 3.39 108.33 31.98 13.61 -0.980" 250 3.88 131.98 34.04 1550 -0.976"

500 3.04 101.88 33.52 13.59  -0.946" 500 3.31 124.62 37.68 1597 -0.973"

1 000 2.93 88.28 30.12 11.88 -0.967" 1 000 3.45 125.16 36.24 15.66 -0.975"

2 500 2.33 67.34 28.95 10.03  -0.965" 2 500 222 100.43 45.18 15.64 -0.952"

5 000 1.90 35.40 18.66 564  -0937" 5 000 2.11 76.81 36.42 11.98 -0.989"

5 0 3.34 105.40 31.54 1338  -0.980" 5 0 2.71 105.55 39.00 14.92  -0.990"
250 3.48 92.49 26.60 1140 -0.984" 250 2.33 105.26 45.19 16.06 -0.984"

500 3.52 83.61 23.78 1020 -0.988" 500 2.24 106.55 47.47 16.60 -0.974"

1 000 2.90 63.27 21.82 845 -0.978™ 1 000 2.15 103.87 48.33 16.47 -0.986"

2 500 2.99 24.03 8.03 3.11 -0.904™ 2 500 2.14 91.68 42.77 1443 -0.977"

5 000 — — — — — 5 000 2.17 80.02 36.86 1239  -0.986"

6 0 2.75 71.32 25.91 979  -0.986™ 6 0 4.19 107.71 25.73 12.01 -0.991"
250 2.61 64.58 24.72 9.05 -0.987" 250 353 103.69 29.35 12.70  -0.990"

500 2.76 61.12 22.17 833  -0.987" 500 4.05 112.37 27.75 12.81 -0.981"

1 000 2.09 40.82 19.56 6.25 -0.970" 1 000 3.12 98.82 31.72 12.93  -0.986"

2 500 2.62 21.77 8.30 3.00 -0.872" 2 500 2.94 89.17 30.37 11.97 -0.986"

5 000 — — — — — 5 000 3.08 74.37 24.17 9.68 -0.976"

i‘:‘E: ﬁ EEE n—2=14,ra05 = 0.497,7'001:0.623,1:'%]0

HK, BT R —EE G, R b T R 3 20k

FHAEYIBTE. (2)FEEEAR BN, Cr At BERERR T K.,

SR REGES, R GO RE S RY) R
55 10 Cro AR/ (3)BER T AEBERRIE Ve HEAL
JIKFTHR TSRS R, (BRZAFRIKF] B EK

o $E B RIS AR BERR G S BB , X SR
TIEERETE RS R—B (4B GBI BESL, 4%
TS B R B IR TG V e (BRI, RIATINEE 5
REAR T B R B - R E S M B B E, H
Cr IR KT G, 1 1S5 +4 5000 mg-kg™ A,
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MELERCEE 6)BR, “HEXRBBRERMK, &
ANTENEDEIREG Ve AT SRAE T 3ES2 S TS QL AOTRE o RIS
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B, B Cr 3o - SEMRRRE SN B B R AN K - BES%
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ARMAR B0 T RN AR T B RER 2 5
FESN, A T FEBRIREG & 55 R R 20K B AR
TR o UEBH Ve F1 B (LR AT AR P — A 08575
PR WM AR
2.3 $&xt BRI B ER B A HU FHE A RN
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Table 6 The regression equations between soil alk—phosphatase

activity and Cr concentration

G 8 sk eI LIESY
1 | V= 154.6-0.023 1xCe. ~ -0.962"
k k=17.78-0.002 2xC  -0.999"

2 | Vo= 54.552-0.011 5xCe. ~ -0.993"

k k=8.576 4-0.001 5xCc.  —0.963"

3 Vi Vi = 136.47-0.021 8xCe  —0.943"

Vi K Vel Ko = 29.125-0.002 9xC, -0.887"
k k= 14.251-0.001 9xC¢ -0.995™
Vi = 112.15-0.016 1xC;  -0.979™
Viad K VaudKu= 32.573-0.002 5xC;  —0.906
k k= 13.966-0.001 7xC¢ -0.995™
V= 100.7-0.031 7xC¢. ~ -0.992"
Vil Kin Vil Kn= 29.79-0.008 7xC;.  —0.988™
k k=12.617-0.003 9xC¢ -0.992™

6 V i Vie= 68.858-0.019 9xC.  —0.974"
Viad K Vel Ku= 26.157-0.007 1xC;,  —0.998™

k k=9.602 9-0.002 7xC;, ~ -0.992"

™ 1 Vi Vi = 179.22-0.011 3xC;;  -0.996™
k k= 17.028-0.000 8xC¢ -0.896"

2 max Vie= 142.45-0.010 2xC;. ~ —0.990™
3 e V= 156.78-0.009 4xC;;  —0.889"
k k= 17.366-0.000 9xC¢ -0.875°

4 | V= 133.34-0.011 6xC;,  —0.992"
k k=16.257-0.000 7xC¢ -0.902°

5 V i Vie= 107.36-0.005 5xC;. ~ —0.987"
k k= 16.265-0.000 7xC¢ -0.866"

6 | V= 108.46-0.007xCc -0.960™
k k= 12.882-0.000 6xC¢ -0.886"

TR H R SRAE, BB, UL 5 RS BT
JEHR ) S5 WS AR, B S B e . 3R
7 8N (1) AR AR e ms P B BRI A 411 ]
BAEBRZESR bR 2 5 250, HA AR G ppCr
HH Y 3.84~33.02 1, 3R M Cr S EHE R RS 8L
5, W EHOE SO R A PSR o 33X -5 i AT - 398 Pl 1
FHLER—EG(2)5 Ko A, 30 5 BEmm R
FRERHEEL, 1o B DR RR IR 9 36 5 0 208
T E SRR ; (3)Crw LA L AL Sk
SRR, RO T Cr R B, a7 AR
AT H R LA FrE 5, X R85 15
AL KRS B FA K.
® 7 xS D IRE B ERER D B E 2 (mmol - L)
Table 7 Inhibition constants of soil alkaline phosophatase

effected by chromium

SN Y =3
Cr
1 2 3 4 5 6
crt 36.54 41.35 28.37 36.54 12.88 23.08
c* 21154 — 24231 14038 294.87 194.44
3 it

25 ERTIR , BRAEBR BRI M W] SRAE HIAE 1K
Fie BRI B T RIVER, Hrh =04
ISR, R AR, RS HIEERE Ak
2 0 E B B MR THEAR R T IR S Y
AT E EDy (H,Cr* 8 1 132~2 689 mg kg™, Cr**
H 151~751 mg-kg™, T IERIEBRRREE XS 7S 4% B4 2
PGR8BI SOV Y K., FEASAE,
Voo (B8], 3878 HBOVE LI R AR T 100 5 T
= o T SRR ST Y Ko FEAR, Ve ELDB)S ,
YE LR & 2], (H LAAESE RSN o Vi
I ke AR R OB A — RO B8 75 YR B A ISR R 5
THERIG MBI FE LK HCr<Cr®™, KB Cr 5+
RS AL SRS TR T G,

S E 30k :
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