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1. Intro duc tion

Increased pol lu tion with heavy met als such as lead, zinc and 

cad mium has become a wide spread prob lem in the envi ron-

ment (Bai ley et al., 1999; Babel and del Mun do Da cera, 2006). 

Cad mium is a toxic ele ment which is rel a tively rare and scarcely 

dis trib uted. The back ground con cen tra tion of cad mium in soil is 

0.1–0.2 mg kg¡1 (Sau ve et al., 2000) and that in China stands at only 

0.097 mg kg¡1 (Wei et al., 1991). In soil from sites where me tal lo-

gen e sis of cad mium and indus trial pol lu tion is prevalent, there is a 

hun dred to thou sand-time higher con cen tra tion of cad mium than 

the back ground value (Zheng et al., 2002). The soil dwell ing nature 

of earth worms makes them ideal indi ca tors of adverse effects from 

tox i cants (Nah man i et al., 2007; Su thar et al., 2008). Cad mium 

accu mu lates in gran ules in the chlo rag og e nous tis sue sur round ing 

the earth worm diges tive tract (Mor gan et al., 2002), which induces 

the for ma tion of metal lo thio ne ins that bind the cat ion and allow 

it to be seques trated (Dab rio et al., 2002). Mech a nisms of Cd geno-

tox i city and muta ge nic ity in organ isms are poorly under stood, 

but recent advances sug gest that Cd has a high muta genic activ ity  

(Fil i pic and Hei, 2004) and it inter feres with DNA repair, rather 

than caus ing dam age directly (Wais berg et al., 2003).

Lead is one of the most stud ied toxic ele ments. It is widely dis-

trib uted in the envi ron ment. It causes a range of adverse effects 

in ani mals, result ing in learn ing dis abil ity and retarded growth in 

human beings (IPCS, 1989; Camp bell, 2001). Lead con cen tra tions 

usu ally vary from 2 to 200 mg kg¡1, with the mean range from 13 

to 42 mg kg¡1. A sur vey of soils from China deter mined that back-

ground Pb con cen tra tions ranged from 0.68 to 1143 mg kg¡1, with a 

gen eral aver age of 26 mg kg¡1 (Chen, 1996).

Earth worms are com mon in a wide range of soil and may rep-

re sent 60–80% of the total soil bio mass and appeared to be the 

best organ ism for use in soil tox ic ity eval u a tion (Bouché, 1992). In 

addi tion, earth worms are read ily avail able, sen si tive, easy to han-

dle and use in tox ic ity tests. It is pos si ble to cul ture Eise nia fet ida 

in the lab o ra tory (Fou rie et al., 2007), ren der ing them suit able test 

organ isms for eco log i cal risk assess ment in ter res trial eco sys tems 

(OECD, 1984).

Dam age to DNA may lead to muta tions, strand breaks, altered 

bases (Shu gart, 2000) and even tu ally car ci no gen e sis, ter a to gen-

e sis and health dis or ders such as the geno toxic dis ease syn drome  

(Kur elec, 1993). There fore, the assess ment of DNA dam age is con sid-

ered impor tant in tox ic ity test ing. Among numer ous assays used to 

detect DNA dam age, the comet assay is used widely in eco toxi co logy 

to detect DNA sin gle-strand breaks and has var i ous advan ta ges such 

as its sen si tiv ity for detect ing low lev els of DNA dam age in sin gle 

cells and the rel a tive ease of appli ca tion (Tice et al., 2000).
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There are ris ing con cerns about the haz ard ous effects of cad mium (Cd) and lead (Pb) on the envi ron ment in 

China. Bio chem i cal and comet assays were con ducted on the earth worm Eise nia fet ida, a suit able bio-indi-

ca tor organ ism for eval u at ing soil pol lu tion after expo sure to two heavy met als, Cd and Pb. Pro tein con-

tent increased at low Cd con cen tra tions (p < 0.05) and decreased at the high est con cen tra tion of 10 mg kg¡1, 

com pared to con trol (p < 0.05). Pb showed an inhib i tory effect on pro tein con tent at low con cen tra tions but 

dem on strated no sig nif  cant effect at higher con cen tra tions. There were no sig nif  cant dif fer ences between 

con trol and treated groups at the doses of 1 and 10 mg kg¡1 Cd while at a dose of 0.1 mg kg¡1 Cd the cel lu lase 

activ ity was sig nif  cantly increased com pared to con trol. Cel lu lase activ i ties of Pb-treated E. fet ida increased 

in a dose depen dent fash ion. Results of the comet assay indi cated tox i cant induced DNA dam age. Cd expo sure 

caused sig nif  cant dif fer ences between con trol and treat ment groups (ANOVA, p < 0.05, p < 0.01) and a positive 

dose-response pro fle. As for Pb treat ment, there were no sig nif  cant dif fer ences between the groups treated 

with 50 and 500 mg kg¡1 of Pb and the con trol. Results showed that DNA dam age from Cd was more seri ous 

than that from Pb. And this indi cated that the earth worm was more sen si tive to the effects of Cd.
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Sev eral earth worm pro to cols have been devel oped to assess 

the effects of chem i cals on earth worms (E. fet ida), such as ISO 

(1993) and EPA (1991) and the OECD guide line 207 (OECD, 

1984). Although these tests are use ful in the assess ment tox i cant 

effects on earth worms, they have lim ited eco log i cal sig nif  cance  

(Rei necke, 1992) because many sub-lethal effects such as changes 

in behav ior, repro duc tion and inhi bi tion on enzyme activ i ties 

are not addressed in stan dard acute tox ic ity tests (Kok ta, 1992). 

In this paper, we used the comet assay to assess the DNA dam age 

in coe lomo cytes of earth worms being directly exposed to the two 

heavy met als. We also report the bio chem i cal tox ic ity in terms of 

effects on activ i ties of cel lu lase. Our objec tive is to develop a more  

com pre hen sive under stand ing on the effects of heavy met als on 

earth worms and to pro vide more infor ma tion about the potential 

eco log i cal risk of met als in soil eco sys tems.

2. Mate ri als and meth ods

2.1. Test organ ism and test chem i cals

E. fet ida was adopted as the test spe cies because it is widely 

avail able, eas ily reared in lab o ra tory cul ture and repro duces rap-

idly and steadily rel a tive to other earth worm spe cies. Earth worms 

were pur chased from a local mar ket in Nan jing, China. Healthy 

adult earth worms of about 60 d old, weigh ing about 200–300 mg 

and hav ing a well-devel oped cli tel lum, were used for all exper i-

ments.

Cad mium (Cd) and lead (Pb) over 99% pure were obtained from 

Sin op harm Chem i cal Reagent Co., Ltd. and Bei jing Yili Fine Chem-

i cals Co., Ltd. Indi vid ual met als were dis solved in dis tilled water 

to dif fer ent con cen tra tions. All glass ves sels were treated with the 

cor re spond ing con cen tra tions of Pb and Cd solu tions sep a rately, in 

case the met als adsorbed to the active sur faces.

2.2. Earth worms expo sures (7-d arti fi cial soil method)

The earth worms were accli mated to the lab o ra tory envi ron ment 

for at least one week before the test. Arti f cial soil which con tained 

10% fnely ground sphag num peat, 20% ka o lin clay, 70% indus trial 

sand, was adjusted to pH of 6.0 ± 0.5 by add ing cal cium car bon ate. 

A water con tent of 35% was used in these exper i ments accord ing to 

OECD (1996). Cd and Pb were intro duced into soil by mix ing solu-

tions (35 mL) of dif fer ent solu tions by hand about 10 min to make 

fnal con cen tra tions of 0.1, 1 and 10 mg kg¡1 dry soil for Cd and 50, 

500 and 5000 mg kg¡1 dry soil for Pb.

After incu ba tion in uncon tam i nated arti f cial soil for 24 h, the 

sur face of the earth worms was washed briefly with dis tilled water, 

dried with fl ter paper and weighed. Five of E. fet ida were added 

to con tam i nated soil of dif fer ent con cen tra tions, con tained in 

wide-mouth bot tles (1 L) sup plied with con tin u ous light source (to 

ensure that worms remained in the test medium through out the 

dura tion of the test) at 20 ± 1 °C for 7 d. Water was added reg u larly 

to keep the mois ture at 80%, and the bot tles were cov ered with 

plas tic flm that had been punched with small holes using nee-

dles.

2.3. Comet assay

After expo sure of the earth worms, their coe lomo cytes were 

obtained accord ing to the non-inva sive extru sion method 

described by Ey ambe et al. (1991). Indi vid ual earth worms were 

rinsed in the extru sion medium which con sisted of 5% eth a nol, 

95% saline, 2.5 mg mL¡1 Na2-EDTA and 10 mg mL¡1 guai a col glyc-

eryl ether (pH 7.3). Coe lomo cytes were spon ta ne ously secreted in 

the medium and washed twice with phos phate-buf fered saline 

(PBS) prior to the comet assay. The cells were col lected by cen tri-

fu ga tion (3000 rpm, 3 min) and kept on ice in 4° C before the comet 

assay.

The comet assay was per formed as described by Singh et al. 

(1988) and Tice et al. (2000) with some mod i f ca tions. Frosted 

micro scope slides, on which cells were embed ded in an aga rose 

sand wich, were submerged in cold lysis solu tion (2.5 M NaCl, 

100 mM EDTA, 10 mM Tris, 1% N-Lau royl Sar co sine Na (NLSN), 

adjusted to pH 10.0 per formed in the dark for 1 h to remove cel lu-

lar pro teins. Slides were placed on a hor i zon tal elec tro pho re sis unit 

flled with fresh alka line elec tro pho re sis solu tion (300 mM NaOH 

and 1 mM Na2EDTA, pH 13.0) to a level approx i mately 0.2 cm above 

the sides at 20° C for 30 min to allow DNA unwind ing before elec-

tro pho re sis. Elec tro pho re sis was con ducted at 20° C using 25 V and 

300 mA for 30 min. The above steps were con ducted in red light 

to avoid DNA dam age. After elec tro pho re sis, slides were washed 

three times with a neu tral iz ing buffer (0.5 M Tris, pH 7.5), the DNA 

were stained with ethi dium bro mide (EB) (2 lg mL¡1), and the 

slides were exam ined with a fluo res cent micro scope (BX41, Olym-

pus, Japan). Five slides per treat ment were prepared and at least 

50 cells were ana lyzed from each slide. Pho tos were taken with 

a dig i tal cam era (C-5050ZOOM, Olym pus). Images were ana lyzed 

accord ing to the method of Col lins et al. (1995) using the comet 

assay soft ware pro ject (CASP 1.2.2).

2.4. Bio chem i cal assay

Enzyme activ ity of cel lu lase and pro tein con tent were deter-

mined for worms exposed to three dif fer ent con cen tra tions of each 

com pound. Five earth worms were used for each con cen tra tion. 

Enzymes were extracted fol low ing the method of Mish ra and Dash 

(1980) with some mod i f ca tions. Earth worms were rinsed with dis-

tilled water and dried on fl ter paper. Earth worms were homog e-

nized for 2 min in cold dis tilled water in a 1/4 w/v ratio using JY92-

II homog e nizer (Ning bo, China). Homog e nates were cen tri fuged 

at 2500 rpm for 10 min. The super na tant fluid was removed into 

another cen tri fuge tube and cen tri fuged at 3000 rpm for 5 min. The 

super na tant fluid was col lected and used to test enzyme activ ity. 

The pro tein con tent was deter mined as the method of Li (1996), 

using bovine serum albu min as stan dard. 0.5 mL enzyme prep a ra-

tion was added to 0.5 mL dis tilled water and 4 mL biu ret solu tion. 

The reac tion sys tem was incu bated at 20–25° C for 30 min. The A540 

was tested and the con tent of pro tein was deter mined accord ing to 

the stan dard curve.

The method of Zhang (1991) was fol lowed to deter mine cel lu-

lase activ ity. A small vol ume (0.5 mL) of enzyme prep a ra tion was 

added into test-tube con tain ing 1.0 mL pre heated CMC-Na and the 

mix ture was incu bated at 50° C for 30 min. The con cen tra tion of 

glu cose was deter mined by add ing DNS and mea sured spec tro-

pho to met ri cally (VIS-7220, Ray leigh Ana lyt i cal Instru ment Corp., 

Bei jing) at a ref er ence wave length of 530 nm in a cuvette with a 

1 cm light path. Enzyme activ i ties are expressed in mg of glu cose 

per mg of pro tein per hour.

2.5. Sta tis ti cal anal y sis

Dif fer ences between con trol and treated sam ples were ana-

lyzed by one-way ANOVA using SPSS 10.0 sta tis ti cal soft ware, tak-

ing p < 0.05 as sig nif  cant accord ing to the Mann–Whit ney Test.

3. Results

3.1. Comet assay

No mor tal ity of the earth worms was observed for the expo-

sure to the dif fer ent tested con cen tra tions of Cd and Pb. Although 

the soft ware reports sev eral param e ters, data for per cent age tail 
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