5535 %5 19 1 *t &~ £ Eild Vol.35,No.19
2015 4F 10 A ACTA ECOLOGICA SINICA Oct.,2015

DOI: 10.5846/stxb201402110233

JAN, FERE, S, VP, B/, BRIBTE, ki, S MOISHE TR 15 U 1 G R R A B S A R A W 2 ME BUB AL I G R AR AR iR,
2015,35(19) :

Zhou B, Tang J L, Dai J J, Xu H, Yang X X, Chen X F, Zhang C, Dai J.Remediating effluent sludge with earthworms: changes in heavy metal speciation
and associated chemical and biological properties.Acta Ecologica Sinica,2015,35(19): -

IEBHER TS RESBRASTHRE S S £y
I RIS B 3 R

Bk BE&RE, ReB, #F %', AAIE, Bk ko' o FYT
1 B AR KA IR IR 2 B, AR R MR A B SRR/ T ARE H R SR T AR E, M 510642

2 TRARNBEBAR AR AT, M 510640

3 K FEHIRMm B R TG, 33 271100

BT 5 YRR PR — Tt B XERT 75 PR Al A R LR R AT R SR A A T 3 — (BT e P A A 4 R R
il 7S ERAET T A e 4] e AR S B R TS Y R A Tk C S R E N AMIT S Y SCTE . i, AN LB i
T KT YR AW TEXT R H T2 6] ( Eisenia fetida) BE4T 3 N IEFRIKER | RGERT MR ISIAE FI R 15 I8 G R IE SRR 1L, S
S5 REIE TR AL E TR BUE AR OCZR | A A e 5] — 8 7 SEAR K 5 18 S HOR A 175 8 o 46 Ja b T e i 1o 3
SRS . 25 R, 1 B M 351 7 75 Y P REIE A R , BT 20 d BRI T 52% . Mg aT LA 2R S e P
Cu.Zn ,Cd Ni 555 4 Ja M5k i A5 Rk il A AR e TE 25 1) S S MUK IR S S5 A ROB A8 e Ak . 8 7T LA 25 R AR T e v ke v ) o
(8t IS pH (BT R PR AT LR 35 ok, Pk B 2 R I i A U A Dol 9 8 0 2 1 B 3 I LR e 4 . i )
YERIE 5 b B i35 AR BE S5 SV Ay T 9 55 22 W0 35 PR O, 105 Rl AR A R G AR B W 2 TE AR (P < 0.05) , 2 L
Jrid , s af LG i 15 Ve T R 1 T AL, HFECE TS VR RIS ) SR DA SR A T U 9 TE R A ORI T 4 T S A DR IR
A MR
KR 5 Wl EeE

Remediating effluent sludge with earthworms. changes in heavy metal speciation

and associated chemical and biological properties
ZHOU Bo'*, TANG Jinglei’, DAI Jinjun', XU Huan', YANG Xiaoxue', CHEN Xufei', ZHANG Chi',
DAI Jun'*

1 Key Laboratory of the Ministry of Agriculture for South China Farmland Conservation, Guangdong Province Key Laboratory of Land use and consolidation ,
College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China

2 Dringkable Plants Research Institute, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China

3 Laiwu City Center for Disease Control and Prevention, Laiwu 271100, China

Abstract: The disposal of effluent sludge is a difficult problem throughout the world. Agricultural utilization of sludge as
resources is one option. However, high levels of heavy metals pose difficulties in the safe use of sludge. To reduce the heavy
metal content of sludge, a technique combining remediation with earthworms and hyperaccumulators has been suggested to

be effective and is drawing the attention of scientists in the field. Therefore, an experiment was conducted to evaluate effect
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of earthworms on heavy metals in sludge. In the experiment, sludge was collected from a wastewater treatment plant in
Dongguan, and 400g (dry weight) fresh sludge was put in a plastic pot. The earthworm Eisenia fetida was used. Twenty
healthy earthworms were added to each replicate pot. Each earthworm weighed about 0.35+0.03g, with total earthworm
weight about 7g per pot. Control pots with no earthworms were set up too. Sludge measurements were made, including heavy
metal speciation, redox conditions, chemical properties, enzymatic and microbial properties. The results showed that the
earthworm Eisenia fetida could survive well and grow in the sludge. By the 20" day, the earthworm weights were
approximately 0.55g each (10.66g per pot). In the treatments with earthworms, the amount of Cu, Zn, Cd, and Ni in the
form of residue, organic, and Fe—Mn bound metals significantly decreased, and those in the forms of exchangeable and
water soluble metals significantly increased. However, earthworms had no significant effect on the speciation of Pb and Cr.
The earthworms also significantly reduced the amount of total reductive substance, active reductive substance and active
organic reductive substance, but had no significant effect on the ferrous iron (Fe™), free iron oxide (Fe,0,) , amorphous
iron (Fe,0,) and complex iron (Fe) content. The pH of sludge with earthworms (pH = 5.62) was significantly higher
than that of the control group (pH = 5.20) by the 80" day, but both groups had significantly lower pH than the original
sludge (pH = 6.49). The total organic carbon and fulvic acid content were reduced by earthworms, and earthworms
promoted the conversion of ammonium nitrogen to nitrate nitrogen. Metabolic quotient and catalase were significantly
increased, while microbial biomass carbon, invertase, and fluorescein diacetate enzymes were significantly reduced in the
earthworm treated sludge. These findings suggest that earthworms reduced the number of microorganisms in the sludge,
while increasing microbial activity. With the addition of earthworms, the activation of heavy metals in sludge had a
significant negative correlation with reductive substance content, but had a significant positive correlation with microbial
activity. In summary, earthworms could facilitate the activation of heavy metals in sludge, and improve its fertility. Thus,
addition of earthworms to sludge could provide favorable conditions for the growth of hyperaccumulators, other plants, and

the uptake of heavy metals from sludge.
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Fig.1 Changes of earthworm number and biomass
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Table 2 Variations of oxidation and reduction substances of sludge
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Fig.4 Principal component analysis of sludge chemical and biological properties in treatments
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