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Effects of Combined Pollution of Cd, Cu and Pb on Antioxidant Enzyme

Activities of Earthworm in Soils

WANG Hui'?, XIE Xin-yuan’

(1. Institute of Environmental Protection Design & Research, Zhejiang Gongshang University, Hangzhou 310005, Chinaj 2. Institute
of Zhejiang Environmental Protection Design & Research Co. , Lid. , Hangzhou 310005, China)

Abstract: Recently, soil heavy metal contamination becomes more and more serious in certain areas in China. Adverse effect caused
by heavy metals in contaminated soils has been a wide concern for many years. In this study, a bioassay experiment with the earthworm
( Eisenia foetida) was conducted to investigate the effects of compound application of Cd, Cu and Pb in soil on surperoxide dismutase
(SOD), glutathione S-transferase ( GST) and acid phosphatase ( AP) activity in earthworms. Through a method of greenhouse soil
experiment , this study utilized a uniform design method of three factors and six levels (Cd: 0-15 mg-kg™", Cu: 0-175 mg-kg™"', Pb:
0-600 mg-kg™") to research the physiological property and enrichment characteristics of earthworm in soils with Cd, Cu and Pb
compound pollution. The activity of SOD, GST and AP were inhibited significantly under Cd, Cu and Pb compound pollution. And
they were impacted by both time and heavy metal contents in the soil. Compared with the control sample, the activity of SOD increased
by 7. 4% -240. 5% in the first eight days under the stress of heavy metals. But owing to the extremely severe stress, it was suppressed
and descended by 19. 4% -69. 7% . Compared with the control sample, the activity of GST increased by 104. 3% -217. 3% in the first
sixteen days under the stress of heavy metals. But owing to the extremely severe stress, it was suppressed and descended by 1.2% -
40.3% . The activity of AP changed over time in a trend of “increase, decrease, increase, decrease”. Compared with the control
sample, the activity of AP decreased by 9. 2% -37. 8% in the first eight days, then increased by 37.2%-117. 2% in sixteenth days and
decreased by 24. 3% -34.0% to the last day. The analysis demonstrates that Pb and Cd-Cu-Pb is the dominant factor to the activity of
SOD, while Cd and Cu were the dominant factors to the activity of GST and AP.

Key words : earthworm; heavy metal; combined pollution; superoxide dismutase; glutathione S-transferase; acid phosphatase
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Table 1  Physicochemical properties of tested soils
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24 ih: Cd (NO, ), -4H,0., Cu(NO,), -2H,0 #i
Pb(NO, ), -3H,0, 3B R4 #740, 3K A BTN LR EE 2.
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Table 2 Design of experiment

N w/mg-kg !
IEFRELEE d Cu Ph
CK 0 0 0
1 0 35.00 240. 00
2 1.50 105. 00 600. 00
3 3.00 175. 00 120. 00
4 6. 00 0 480. 00
5 9.00 70. 00 0
6 12.00 140. 00 360. 00
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TXIHRAL ; MAEEE 8 d ALFHE 1 5 FIZEEE 16 d Ak
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o0 | 222 50 d
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Fig. 1 Effects of the combination of Cd, Cu

and Pb on SOD activity of earthworm
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Table 3 Multiple linear regression analysis between contents of heavy metals in the soil and SOD activities of earthworm in each time period

HURES R/ d ESHulEpiy i Yo REU(R?)
2 Y, =1.568 2. 427X, +5. 776X, X, +0. 151X, X, X, 0.710
4 Y, =21.933 +7. 856X, —4. 289X, X, + 1. 947X, X, X, 0.815
8 Y, =37.830 —2. 657X, —6. 395X, +4.286X, X, X, 0.857
16 Y, =61.213 —2. 668X, — 11. 726X, X, +5. 459X, X, X, 0.714
2 Y, = —1.270 +2. 422X, -0. 134X, X, +2. 621X, X, X, 0.928

2.2 Cd, Cu, Pb &4 Wb xfufe 5] GST 14 152w

B H KB -5 % B (GST) S22 )12 204 T4 Fh
AYRN I —H L2 URE [ TR, FEAA AT,
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HEY SRR T A, 88 0 H s K oY) T2
AR, T FERYE o3 Fe HE AR A1 DA T 35 30 i 22 1)
Hey. &2 /0L, TR G5 B 4 it A
GST T PER R B A5 £k 52 30 5E T 5 B i e 34, 7256 16
d IR, 555 0 d XA L, A 40 B GST 36 PE 4
BT 104.3% | 217.3% . 69.8% . 122.9% .
213.5% . 119.0% F1128.0% ; 5516 d ZJ5 , 4 A3
GST iith & PR, &5 32 d MR s, & Ab B
GST I TE¥IRFEHE O d X HR, i H 1.74 1. 89,
2.07.2.20, 1.82, 1.50 F11.85 . L ikghE R 3%
Y, 52 A5 L B A% b 2 38 e W5 44K 9 GST 6, 24
FRERITE] t=16 d 5, BN GST WM KRBT R
X A RE TS| B RS AL 2 A i )
199, WA Y GST M T i LA B4 PN 19 260t Ak )
FUH B, R PLIR ez E AL 0. P2 R R
BT GST X H 4 Jm LA URK, 25 5 A S, e
X RARIRE IR A T5 9. #E# 5% 16 d J5,GST
T PR 2 A2 B X R e R I A R R R Y KRR
2 D& E 2 M bl Y 1w AT, ke AT i s
BTRA RS T 14 d 5, GST 1 PE7E B i 2
IR Ry 75 AN 1T 5 9 3R 3 A 80

AL X B (CK) AH L, GST TP Hh LA o 11y
Weoh, TR B 225 (P <0.05) , WREFR2 diY
I3 ~25 4S5  REEAAAEIEL ~ 25 F15

SLURESAAIEL S 3 ~65, BEE16 d FIALHL
1~25/M6 SLINEFE32 LI ~4%5 65,
I PSS B 3 X R AR EE 2 d R4 d B4b
P65 RS dMIES ~4 5 BFH16 d AT 2
5 NI TR 32 d AL B 5 5 TR M Y 2 IR T T I
2, 6 e 51 R N GST 3 M 119 A2 Ak 5 2% 5 B[] 4
b 4 Jm M AS BAE VAR G,

360 w2 %50 d
i NN 42d
BR 4 d
T;n 300 - E#8d
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€ 240 | i 324
5
E 180
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Fig. 2 Effects of a combination of Cd, Cu and Pb on

GST activity of earthworm
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Table 4  Multiple linear regression analysis between contents of heavy metals in the soil and GST activities of earthworm in each time period

Bkt el /d Z It P RH(R?)
2 Y, =116.392 —0.206X, —0.036X, +0.016X; —0. 002X, X; — (1. 596E-6) X, X, X, 0. 659
4 Y, =155.440 +0. 790X, -0. 146X, +0.031X; —0. 009X, X; - (1.393E-5) X, X, X; 0.716
8 Yg =229.304 - 13. 856X, —0.361X, —0.019X; +0. 043X, X, 0.799
16 Yy =174.399 +0. 101X, -0.017X, X, +0. 015X, X5 - (2.488E-5) X, X, X, 0. 875

2 Y, =86.259 —5. 672X, +0.219X, +0. 059X, —0. 012X, X, 0.986
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Table 5  Multiple linear regression analysis between contents of heavy metals in the soil and AP activities of earthworm in each time period

Bkt el /d ZIthH T P RH(R?)
2 Y,, =80.265 -0. 180X, +0. 050X, + (1.093E-5) X, X; - (4.572E-6) X, X, X; 0. 898
4 Y,, =83.525 - 1. 315X, +0. 002X, +0. 002X; +0. 003X, X, + (5. 625E-6) X, X, 0.670
8 Y3 =108.046 —0. 159X, —-0. 056X; +0. 001X, X, +0. 001X, X5 0. 969
16 Yy, =102.976 - 1. 378X, +0. 021X, —0.012X; +0. 004X, X5 — (7. 754E-6) X, X, X; 0.714
32 Y5 =72.690 - 0. 660X, +0. 027X, —0.006X; +0. 001X, X5 — (1. 261E-7) X, X, X5 0. 888
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