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Eco-toxicology Effects of Cu—Cr Co—contamination on Soil Enzymes with and Without Plants

WEI Wei, WANG Dan, WANG Song—shan, LIANG Dong-li

(College of Resources and Environment, Northwest A & F University, Yangling 712100, China)

Abstract; Pot experiments and laboratory analysis were carried out to study Cu, Cr single and combined pollution influence on soil enzyme
activities. The aim was to provide theoretical basis for biological enzyme evaluation of heavy metal cation—anion co—contamination in soil. The
results showed that the same pollution level Cu and Cr singly or combined had inhibited effects on activity of urease , alkaline phosphatase,
catalase and nitrate reductase. while in the 5 mg-kg™ Cr treatment, the activity of catalase was promoted. Catalase was the least sensitive en—
zyme to Cu—Cr cocontamination, while soil nitrate reductase was the most sensitive one to Cu—Cr cocontamination. Inhibition rates of urease
and alkaline phosphatase activities in the planted treatment were larger than the non—crop control treatment. However, inhibition rate of cata—
lase and nitrate reductase activities in the planted treatment were smaller than thoes in the non—crop control treatment. There was extremely
significant difference in the planted treatment of all enzymes, compared with the non—plant treatment. Whether having plants or not, Cu and
Cr combined pollution showed a certain synergyon on the inhibition rate of soil urease and alkaline phosphatase activities, a certain antago—
nism on the inhibition of soil catalase activity, and a certain synergyon on nitrate reductase activity in non—crop control treatment, futhermore
there was a certain antagonism on nitrate reductase activity in the planted treatment. Urease and alkaline phosphatase activities were suggest—
ed to characterize the degree of Cu and Cr combined pollution in soil.
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THER B BEPE AR B P A ARAMBHE 2 B A KR
IS H, RO+ HEART MR LR 1, R
T4 Cu S8 H 21.53 mg kg , & Cr &K 143
mg-kg, AV BN E S B TR,

BEEAEY) R 7N B 3€ (pakchoi , Brassica chinensis ),
mARERE 25 SRS AT b A, B
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Cu., Cr ¥ & 1% B K 4 79 52 00 25 SR e AR < 1 61
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k1 0.,200.,400.800 mg-kg? 4 MK, kB E R
0.5.20 mg-kg™ 3 MK, R 12 Mb3# (R
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3500 g THARIEE T, 4 BE AL FERE AR | % T BV Y (4R
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Ks8I FESMRST 7R 25 CE RS FRAH
A 10 d BANERRBCEA LT 13 650 g, THA
12 em. 5 15 em (¥R P I TR SE R . AR
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12 h)™]; Lt A AL SRS 1A 0.1 mol - L™ KMnO,
REFEME, A 20 min f5 1 g T3/ 0.1 mol-L7 5
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A& [mgNO~N- (kg-d)™], ¥ H 25 BfiL
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Table 1 Soil chemical and physical properties of tested soil

BN organic  +HECEC/  CaCOy  TorEJEEK Amorphous Fe/ 4557545 Complex Al 455754k Complex Fe/ Kifi & & Clay
pH matter/g-kg™ cmol -kg™ g-kg? mg-kg™ mg-kg™ mg-kg™! content/%
7.75 16.330 23.34 54.997 845.3 254 24.0 39.5
R2 R EE—MMESTRKELE (ng kg™)
Table 2 Experimental design for single and combined chromium and copper(mg-kg™)
A3 S No. M Treatment  Cu ¥RFEF Cu Con. Cr ¥¢JF Cr Con. AFES No AbFE Treatment  Cu ¥¢F Cu Con. Cr ¥fJ¥ Cr Con.
1 CK 0 0 7 Cu400Cr5 400 5
2 Cu200 200 0 8 Cu800Cr5 800 5
3 Cu400 400 0 9 Cr20 0 20
4 Cu800 800 0 10 Cu200Cr20 200 20
5 Cr5 0 5 11 Cu400Cr20 400 20
6 Cu200Cr5 200 5 12 Cu800Cr20 800 20
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Note: letter a, b, ¢+++ means reaches at 95% significance. The same below.
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Figure 1 The effects of Cu—Cr pollution on soil urase with and without plants
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Figure 2 The effects of Cu—Cr pollution on soil phospatase with and without plants
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Figure 3 The effects of Cu—Cr pollution on soil catalase
with and without plants
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Figure 4 The effects of Cu—Cr pollution on soil nitratase with and without plants
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HAH :Ecue H—EWE Cu.Cr B4 40P+ SERGE M 5
Ec, Fl Eq. 53 5| AR LW BERY Cu A Cr Boph b2 435
FEVE M s Ecc A TG Cu,Cr AbEE + 3ERRE M

IR AE=0,Cu F1 Cr Z AR AMAER ; ik
AE>0,Cu 1 Cr Z AR AHEEH; R AE<O,
Cu.Cr Z[EFRIHAHEYVER . Cu fil Cr B A5 w03

398 ) DRI B P B R T 3 4R Ak SRR A R IA R
TEHERE AL RN 3,

M 3 &N, A TEWR A 3K 3R
BTG PR AR LR AE KT 0, HAEHE KR, B
Cu 1 Cr & A75 Y Xt - SR BHE M 10 52 i R 0 HH 4%
SRAEIEE A . Bk Cu200Cr20 -5 Ab3 5k, [RIS5EvE B
W, B VEIAL TR IR R AE HI B E KT
TeAEYINT I, 2 Cu200Cr5 4038, A VE A A E B ab 3
SRR 853004 137 mg NH;+ (kg-d)™ 1 18
mg NH;-N- (kg-d)™, & RFH W 7.61 £, UiBHA 1E
YIFELERT Cu F1 Cr XJBREEE 14 B U RIVE A B3 KT
TAEWIET

5 BRI G E AE BB RAEML, i
EEAVEYHR, Cu F1 Cr 5475 Ye kb B8 - 3551
FREE RSB BEAE KT 0, HAEEHBER
FHA 3 FLREF(FK 3), JFED Cu A1 Cr B A T5 YRt
IR R A TS M R SR A D RIVE . B VR Ak
P T AR S AE (E¥ R T RAEY X B, a0
Cu200Cr5 B EYI AL B TCAE Y AL A + SRR B R
B AR A B 4 A A 254.78 mg - (kg+d)™ 1 17.24 mg -
(kg+d) ™, ULAAVEMAL TR , Cu—Cr X550 P B AR G 1)
DIRIVE B & R FI/E b3,

5 UR TR R A R T ) T T R AR L R TRD
Cu-Cr B A 15 YL A Ab ¥ 1 13 A AL S B E M 1
A8 AE ¥/NF 0, HAXHER/N, Bl Cu-Cr B&
1Yt 30 S A A R R B S U ER
HAEWIEN + 33 S AE B AE HY/NF X0
W Ve AL 3R

R 3 Cu-Cr SRMEH T IREEENSETUEAL

Table 3 Net change of tested enzymes activity with Cu and Cr treatment

JREEE P Urease activity/ PRV AREHE M Alkaline 3L SUEGTE M Catalase activity/ FERRICJFEFHE M Nitrate reductase
LR Treatment/ mg NH;-N-(g-d)? phosphatase activity/mg*(kg+d)? 0.1 mol-L? KMnO, mL-g* activity/mgNO,~N- (kg-d)™
mg-kg! HIEY P HIEY TAEH) HIEY TAEH) HIEY FTAEY
With plant Without plant With plant ~ Without plant With plant Without plant With plant Without plant

Cu200Cr5 0.14 0.02 254.78 17.24 -0.2 -0.2 -77.64 16.51
Cu200Cr20 -0.07 0.01 237.04 323.24 -0.22 -0.08 -59.62 18.27
Cu200Cr60 - 0.30 - 79.24 - -0.06 - 93.80
Cu400Cr5 0.29 -0.23 202.92 -206.82 -0.31 -0.25 -10.49 34.05
Cu400Cr20 0.41 -0.13 222.92 31.58 -0.05 -0.11 -0.23 32.65
Cu400Cr60 - 0.66 - 134.88 - -0.08 - 85.77
Cu800Cr5 0.22 0.06 335.98 -4.92 -0.39 -0.04 -16.69 33.44
Cu800Cr20 0.41 0.24 323.94 191.24 -0.13 0.09 6.95 41.93
Cu800Cr60 - 728 - 328.06 - 0.18 - 98.26

T Cr ¥R 60 mg kg R SZKE L ARIFTALE, ARG T,
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