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Effects of Cu, Zn and Pb Combined Pollution on Soil Hydrolase Activities

FENG Dan', WANG Jin-sheng?, TENG Yan-guo®

(1.College of Water Sciences, Beijing Normal University, Beijing 100875, China; 2.Engineering Research Center of Groundwater Pollution
Control and Remediation, Ministry of Education, Beijing 100875, China)

Abstract: To study the relations between soil enzyme activities and heavy metal pollution, the combined effects of Cu, Zn and Pb on the three
hydrolase activities, including invertase (IN ), urease (U) and alkaline phosphatase (ALP) were investigated via an orthogonal experiment.
Results showed as the following: When the concentration of Cu was 400 mg kg™, the U and ALP activities were decreased 51% and 44%,
separately; When Zn was at 500 mg-kg™, IN and ALP activities were only decreased 3% and 9%, while U activity was increased; When Ph
was at 500 mg-kg™, IN and U activities were increased, while ALP activity was decreased 13%. As a whole, Cu was considered as the most
remarkable influence factor for IN, U and ALP activity regardless of interactions among the heavy metals, Zn came second, and Pb mainly
showed activation. Considering interactions, CuxZn could significantly influence U activity (P<0.05), effects of CuxPb and CuxZn on ALP
activity were remarkable (95% confidence interval ). The response of ALP activity was more sensitive than the other two enzymes. Soil ALP
activity might be a sensitive tool for assessing the pollution degree of Cu.

Keywords: heavy metals; orthogonal experiment; invertase; urease; alkaline phosphatase
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Table 2 Orthogonal experiment design

Lis(4)/mg-kg™ Ls(27)/mg kg™

%) Cu Zn Pb  BEFEEHE] /d Cu Zn Pb
KFE1 0 0 0 3 KFE1 50 80 100
KF2 35 100 35 7 K2 200 400 400
A3 100 300 350 14
K4 400 500 500 35

1.3 MEAE

58 pH (B BRI A LT E AR R A
e BHES Fac it SALINT 4R « f O 0
fift—ICP-AES 15 FEALREIE PR E -3, 5- LK
FREC AT, R/NEL 24 h 1 g T b AR il i) A 2 i 22 e 2
FER  JIRBEE PR E < R A -k SRR AN Lb (B3, R/
PL24 h 1 g T iU A 2 s 8RR Bl R G 1
W - BERR R AN ek, R/NEL 24 h 1 g TR A AR
Py 22 e B0 (LA b it T 1 0 e 35915 3 4 AT
DA R AR i ot i) 6 BB B 1 ) B AR i, DAHE
B -3 22 T
1.4 HIELIE

Bt i ] Excel 2010 F1 SPSS 18.0 #4743 -

2 HRE5SW

2.1 Cu.Zn .Pb EA1ERART LIEKMRERE AR N

M B GAT P BB (R 3) AT, e AL TG
P ORI M S B B A T 0 P P e R AL 31 ) B
SbFE 3 AbEE 1R 1 XA AR E , Rk
V- b 3 KRBV A RS e DRI 1 Sk

x 1 ikt EEBEAER

Table 1 Physical and chemical characteristics of test soils

. b /% 4R i /mgke!
FHEEA TN/mg-kg'  TPmg-kg'  OM/%  pHff  CEC/emol kg - LR T
{2 A bR A bty A Cu Zn Ph
1+ 1346 62337 127 813 12.74 1809 4507 3884 2113 5151 11.81

TN 4L TP S 4, OM A7 B CEC B T it
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Je ABCoo ABLC, S WLEIREE R — 20, Hifth 2 MES
WER L5 FARIT

D5 2 R R (K 6), X B[N K 5L IS
PEX R A G Cu Fl Zn X IR BEE P A B3 52 (P<
0.05), CuxZn 7£ P<0.10 Bsf X IR BEE P A7 2 i) 5
i[RI 22, 4 Pb . CuxPb . ZnxPb 5 RS = 6] TG i 2%
25t BRI FE 95%EAFIX A T, Bk T ZnxPb, HAh A
RSP R S 2 A B 225

Bl 1~ 3 JEasm ) R 3Ere i h B R E 5 +
RS Z SR . E 1 AT LA FESL Y 3
Filr - SPEREES PE AR X B (B TR AN 4R ) B
PEMR. Cu MREEH 400 mg-kg™ B, JIR 7% 4 FH A
R T 2 4 S 2 %o RO i T 1 1 49% 1 56% . 4
Cu Ve BE/INT 35 mg-kg™ B, S AR 14 32 21 W Jd 41 1)
YERT, N 35 mg-kg™ #400%] 100 mg-ke™ B, BEEPERE

3 L) REXEERAIWER
Table 3 Layout of Ls(4°) and the results of experiment

—
. N . IR ( - HEEHE - 24
Cu Zn P sl e [ WiFERA
1 1 1 1 1 0.68 +0.02 0.54 +0.01 0.90 +0.08
2 1 2 2 2 0.71 +0.04 0.45+0.02 0.85+0.05
3 1 3 3 3 0.83 +£0.02 0.38 +£0.05 0.88 +0.07
4 1 4 4 4 0.61 +0.03 0.34 +£0.02 0.46 £0.02
5 2 1 2 3 0.74+0 0.24 +£0.03 0.84 £0.05
6 2 2 1 4 0.57 £0.05 025+0 0.69 £ 0.04
7 2 3 4 1 0.63+0.02 0.52 +0.02 0.70 = 0.03
8 2 4 3 2 0.65 +0.05 0.28 +0.04 0.73 +0.04
9 3 1 3 4 0.53 £0.001 0.18 £0.01 0.56 +0.02
10 3 2 4 3 0.73 £0.08 0.27 £ 0.04 0.80 £ 0.06
11 3 3 1 2 0.73 £ 0.06 0.23 £0.05 0.64 £0.03
12 3 4 2 1 0.62 +0.02 0.43 +0.02 0.75 +0.06
13 4 1 4 2 0.65+0.02 0.20+0.03 0.49 +0.02
14 4 2 3 1 0.42+0.01 0.31+0.01 041+0
15 4 3 2 4 0.39+0 0.12+0 0.23+0
16 4 4 1 3 0.64 £0.03 021+0 0.60 £0.03

*4 EEEAERRBFENTR
Table 4 ANOVA table of L(4°) for the effect of combined Cu, Zn, Pb and incubation time on enzyme activities

\ YAl CET
R i P R WP e R PR
Cu 3 0.071 0.100 0.286 P<0.05 P<0.05 P<0.05
/n 3 0.004 0.002 0.020
Ph 3 0.007 0.004 0.019
BEFE ] 3 0.106 0.116 0.185 P<0.1 P<0.1 P<0.1
R2E 3 0.007 0.008 0.030
Bt 15
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x5 LOQHERAXEEAKKRER
Table 5 Layout of L5(27) and the results of experiment

S iy SV
JUSEIERes A B AxB C AxC BxC ARG fmg-g” 24 b7
Cu Zn Cu x Zn Ph CuxPb  ZnxPb SEAL il IRt DRUR AL
1 1 1 1 1 1 1 0.70 + 0.06 0.183 = 0.02 0.73 = 0.05
2 1 1 1 2 2 2 0.69 +0.03 0.218 = 0.02 0.70 £ 0.03
3 1 2 2 1 1 2 0.76 £ 0.05 0.287 +0.01 0.66  0.02
4 1 2 2 2 2 1 0.83+0.09 0.288+0 0.60  0.04
5 2 1 2 1 2 1 0.74 +0.07 0.185+0 0.42+0.03
6 2 1 2 2 1 2 0.83+0.06 0.182+0.01 0.60 = 0.05
7 2 2 1 1 2 2 0.74 £ 0.05 0.178 = 0.01 0.46 0
8 2 2 1 2 1 1 0.72 +0.04 0.203 + 0.01 0.57 +0.03
Fo TEERAEZIWHENTR
Table 6 ANOVA table of Lg(27) for the interactive effect between Cu, Zn and Pb on enzyme activities
. . 275 &k
TR i AL s TP B R it AL JIK it ER RO
Cu 1 0 0.006 0.051 P<0.05 P<0.05
Zn 1 0.001 0.004 0.003 P<0.05 P<0.05
CuxZn 1 0.012 0.003 0.004 P<0.10 P<0.05
Ph 1 0.002 0 0.005 P<0.05
CuxPh 1 1.250E-5 2.112E-5 0.018 P<0.05
Zn x Ph 1 0 6.125E-6 0.001
it 1 0.005 0 0
jsSan 7
0.9 ¢ b I . . . . §
L 08F ; b ATt T P AR 08 R TS P 357 L X R o TR 42 R
Qo7 ik P P MU, S LT BB R P 1 979% 01 91% , T R AR
S VAT IR X RRERR Y 107% . 555 AR Zn
| ) I P P e LTS S B RFE , 24 Zn YR
= 03| i M 300 mg-ke™ HEANE 500 mg-kg™! B, B4 2218
=02y (TR 5 FORIGRG 42 52 B0 b AS ] 25 A 4, DS o 3
<o PNFIREAE , S5 Zn YHE M 300 me ke BEE] 500
0 35 100 400 mg kg™ B, BEEPETCH AR o S H Zn X BERR
Cu He /g ke B FRB HE AMRVE T o Zn XSG ARG P R IR G
Ol ALl OOt IR R

AFRVNGFREFIR A A TUKF Z JIAE 0.05 KT 25 R%E. Tl
B 13 FhLREeE R Cu SEREN
Figure 1 Comparison of effect of Cu in soil on the

three soil enzyme activities

TAREAIG s 24 Cu W EEM 100 mg kg™ 34 H1%E] 400 mg kg™
I, P P S 5 AR

P 2 R RUN AN Zn J5 3 FloK RS R 9
AR . 7 Zn BRI 500 mg-kg™ I, e
—414—
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J& Zn,

P 3 R A S 3 b SR S I A2 S o £ Ak
U8 Pb [N . SR , 76 Pb ¥ R 500 mg-kg™ B,
SRR 5 0T R AR ] R 6 B X BERE i T
1R, TR IR TG MR RG0S it Pl 0 2 1Y)
87% . TEARHR BT, Ph i % A0 5 Pk, TS IR G
P TEMREE N 35 mg-kg™ HEANE] 500 mg-kg™ I, $41k
FFIE P BE P W P3G AT KA, 1T i J 2 A AR 1
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Figure 2 Comparison of effect of Zn in soil on the
three enzyme activities
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Figure 3 Comparison of effect of Pb in soil on the

three enzyme activities

15 5 RIS P BE P v B34 MR 90 AN [l A8 A b FLAE
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Figure 4 Comparison of effect of incubation time

on the three enzyme activities
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KBS, JF HANG AR B RE G R Cu B35 04 i i
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i Zn WRPBEN 100 mg-kg™ ] $2 5 IREEHE R . SR,
B3 N0 Zon 5 149 484 o e e 1R A 9 52 2D )
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