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Abstract: The soil in the vicinity of stream of Buddah Nullah in Ludhiana, Punjab has been found to be contami-
nated with heavy metals. The objective of this paper was to conduct studies with earthworm Eisenia fetida (Savigny)
exposed to five soil samples collected from different sites around the stream of Buddah Nullah, since no such work
has been done using earthworm as bio- indicator of soil pollution in that area to check the hazardous effects of
heavy metals on soil organisms. Metal levels were recorded higher in contaminated soil samples than threshold
concentration in soil of campus field. Adult E. fetida were exposed for a period of 80 days to evaluate the effects of
elevated levels of heavy metals i.e.0.29 ppm, 4.18 ppm and 2.29 ppm for cadmium, lead and nickel respectively on
survival, growth, morphology and reproduction. Significant effects were observed on survival, growth and reproduction of
the tested organisms along with various morphological abnormalities such as tail shedding, body fragmentation and
extrusion of coelomic fluid. But no such deformity was observed in worms reared in reference soil of university campus
field. Detrimental effects on rates of cocoon production and hatchling emergence were observed and a significant
delay was also recorded in production of cocoons and emergence of hatchlings. Results of the study indicated that
reproductive end points were more sensitive to elevated metal levels in contaminated soil than survival or weight
change.
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INTRODUCTION Keeping in view such detrimental effects of heavy
metals onE. fetida, the present study was undertaken
to assess the impact of metal contaminated soils
‘collected from Buddah Nullah surroundings with

Metal pollution affects the structure of soil intebrate
communities and disturbs the soil ecosystems
Earth\_/lvorms are one of tEe Efs'[ receptolrs to bet()}laéﬁ particular reference to survival, morphology, growt
y soil contamination. The bio-accumulative abilily 5,y reproductive performance of adult wormsEof

earthworms enables them to be used as livingiga Contamination of soils with Pb, Cd and Ni in

organisms for the bio-monitoring of soil pollution Buddah Nullah surroundings is contributed by the
(H"af?o and Tamae, 2011). Elevated concentration Obygiaplishment of dying industries and electroptatin
cadmium (Cd), copper (Cu), lead (Pb) and zinc (&n) ;,qustries respectively.

soils can affect the density, viability, cocoon

production, growth and sexual development of worms. MATERIALS AND METHODS
Heavy metals cause mortality (Davigsal., 2003) and
affect the population size, avoidance and specie
diversity of earthworms (Spurgeost al., 2005).
Reproduction is likely to be of particular importanin
eco-toxicological assessment because of its infleen
on population dynamics. At high levels of heavy
metals such as manganese (Mn), chromium (Cr)
nickel (Ni) and cobalt (Co), significantly lower @mon
production and at medium levels, a time delay inCoIIection of soil samples and estimation of ol
cocoon production has been observed (Maderél., P

2007). Reduction in cocoon production due to Pb an({netal content: About 5 kg of soil was collected from

Cd exposure has also been reported in severalestudi op 2 cm layer at e_ach site after removal of sarfac
in E. fetida (Zaltauskaite and Sodiene, 2010). vegetation and litter in transparent polythene badjs
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éDresent study was conducted at campus of Punjab
Agricultural  University (PAU), Ludhiana. Metal
contaminated soils were collected on the same ey f
four different sites in the vicinity of Buddah
Nullah, Ludhiana. The different sites included Ghan
Cinema, Sunder Nagar, Tajpur road and Shivpuri area
around Buddah Nullah (Fig.1). All the soil samplesre
collected at least 2 meters away from the maiastre
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Fig. 1. Map of Buddah Nullah showing location of contaminated soil sites selected to collect samples (Sample collection sites
are marked with blue arrow).

the bags were marked with respect to the sites fronMortality was determined by counting the number of
which the samples were collected. A control samople dead earthworms. Worms were considered dead if they
soil was collected from an uncontaminated field in lacked any movement and did not respond to a tifini
PAU campus. Soil aggregates were crushed while stiltactile stimulus to the anterior end. Because
damp and placed in a fan oven at 60°C for 2 days taarthworms tend to disintegrate quickly after dealisent
dry. A subsample of soil was used for the worms were considered to have died (Mabaztal.,
determination of Cd, Pb and Ni concentrations i th 2008). Cocoons were separated from each
soils by flame atomic absorption spectrophotometry.container by hand sorting. These cocoons were€furth
500 gm of each soil sample was sieved, dried in arused for studying different life stages & fetida.
oven and placed in plastic boxes (four replicatts o Cocoons were observed after every second day to
each sample) of size 20cm x 15cm x 4cm. Moistureobserve hatching. Numbers of juveniles hatchedqeson
content of the soil in replicate boxes was maimdiat  per week were also recorded in all samples of soil.

65% of field capacity with distilled water. Thelbaias  Statistical analysiss The data was statistically
left to stabilize for 72 hours before the initiatiof the  analyzed by analysis of variance (ANOVA) using
experiment. computer software CPCS1.

Study of reproductive parameters: Clitellar worms

of E.yfetidae\'/avere obtainped from the mass culture kept RESULTSAND DISCUSSION

at the laboratory of the department. The selectedcomposition of oil: Results of analysis of soil composition
worms were acclimatized for seven days. Five washedyre depicted in Table 1. Metals’ level at PAU campu
and weighed worms were placed into each of fourwere within the range typical for an uncontaminated
replicate containers. After 3 hours they were ckedck sojl. Maximum concentration of Cd was found in soil
to ensure that all the worms had burrowed intosthike Samp|e 4 while h|ghest concentration of Pb 4.18
Feeding of worms comprised sprinkling 10 gm ofdrie ppm and Ni was observed in soil samplei.&. 2.29
cattle manure per container per week. Containers we ppm. Contamination of soils with Pb, Cd and Ni in
covered with plastic lid to avoid the moisture loss Buddah Nullah surroundings is contributed by the
Earthworms were separated by hand sorting, aftelestablishment of textile industries and electroptat
which they were examined for different parameters.industries respectively in the surrounding areas of
Rate of reproduction was assessed on the basleof t Byddah Nullah. The increase in heavy metal corsént
number of cocoons produced per adult worm at eaclpjls with continuous application of sludge/sewage
sampling site (Sahu and Senapati, 1988). water has also been reported (Beal., 2002).

Weight of all the worms was recorded weekly. The results also find support from work of Dowety
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Fig. 2. Percent survival of adult E. fetida reared in different soil samples.

U6 1| —a—§1 —W—8§2 —A—53 ¢4 % Control harmful to E. fetida (Zhang et al., 2013). Various
morphological abnormalities were observed in worms
reared in all the four contaminated soil samples.
Percentage of worms having morphological
abnormalities is given in Table 2. Similar abnorimal
ties have been reported in other studies also where
1 soils were contaminated with heavy metals suchras C
ol | Co, Mn and Pb (Raet al., 2003; Maleriet al., 2007).
Changes in body weight: In control sample of soil
v - T T T T taken from PAU campus, non-significant decrease in
L L A body weight was observed, while a discontinuous
Nmmber of Weels pattern of body weight was observed in worms reared
in all the contaminated samples of soil as shown in
Fig. 3. Growth of earthworn®ctodrilus complanatus
was also found affected by aluminum level and
al. (1991) who found that massive sludge additionsaluminum caused reduction in earthworm protein
(765 mg/ha on dry weight basis) over a period of 14content (Bilialiset al., 2013).
years resulted in an increased concentration ofZ@d, E. fetida has been found the most sensitive species
and Cu in Apl genetic horizon. Kuhad al. (1989)  with decreased weight amorkg albidus, E. crypticus
observed higher accumulation of metals such as Znand E. fetida in industrial waste material avoidance
Cu, Mn and iron (Fe) in the surface layer of theage  tests conducted by Kobeticovat al. (2010).
irrigated soils of Sonipat district of Haryana. Relationship between arsenic (As) contamination of
Survival and morphology: Tested worms survived abandoned mine sites in Korea and the average tveigh
well in the control sample of soil taken from PAU of earthworms was found significant by Sheénal.
campus and there was no mortality seen in this soi(2007). It was observed by Khalil (2013) that
sample (Fig. 2), while mortality in adult worms was earthwormsAllolobophora caliginosa feed less and
observed in all the contaminated soil samples.Pheretima hawayana escaped into their burrows when
Haghparastet al. (2009) has observed that worms exposed to arsenate. Miguetlal. (2012) revealed in a
reared in soils contaminated with Pb, Zn and Custudy that weight and mortality of worms were
showed increased mortality. significantly affected by high levels of heavy nista
High level of aluminum in acidic red soil was found Cocoon production ratess The cocoons were
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Fig. 3. Weekly changes in body weights (g) of adults of E.
fetida reared in different soil samples.
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Fig. 4. Cocoon production rate of adult E. fetida reared in different soil samples.
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Fig. 5. Juvenile production rate of adult E. fetida reared in different soil samples.

Table 1. Concentrations of different heavy metals in soil glas

Concentration of heavy metals (ppm)*

(Soil Sample)

Cadmium (Cd) Lead (Pb) Nickel (Ni)

S1 0.23 3.86 1.87

S2 0.18 4.18 2.29

S3 0.25 3.35 1.43

S4 0.29 3.96 2.14

Control 0.20 1.75 0.50

Table2. Various abnormalities observed in adtlfetida in uncontaminated and metal contaminated soil &&snp
Soil sample Tail shedding (%) Fragmentation (%) Extrusion of coelomic fluid (%)
(S1) +5 +15 +100
(S2) - + 20 + 100
(S3) - +55 + 100
(S4) +5 + 45 + 100
(Control) - - -

+ (Plus) Indicates presence and — (Minus) indicabsgnce of characteristic

collected after one week when adult animals wereMaximum hatchling production rate was found in
reared in control soil sample taken from PAU campuscontrol soil sample.

(Fig.4). The total number of cocoons was signiftgan  Lesser number of hatchlings in each contaminatédd so
lower in all the contaminated soil samples as caegha sample as compared to control soil sample is pigbab
to control sample of soil and minimum number of due to the elevated level of heavy metals (Cd, b a
cocoons was produced in sample 3, probably dueeto t Ni). Guptaet al. (1999) also demonstrated the low
high concentration of heavy metals Pb and Cd is thi hatchling production rate of cocoons Metaphire
sample of soil. Delayed cocoon production in a# th posthuma reared in soil contaminated with cadmium,
contaminated soil samples showed that cocoonwhich shows the ill effects of Cd on the embryonic
production rates were particularly sensitive during development of earthworms. Both number and rate of
early period of reproduction as also reported byhatchling production has been found affected in the
Spurgeon and Hopkin (1995). metal contaminated soils. The increased incubation
The detrimental effect of cadmium on cocoon period of cocoons has also been observed by Peinda
production byE. fetida has also been recorded by al. (1999) in study of Zn accumulation and its effects
Garget al. (2009). Owojoriet al. (2009) also observed on growth and reproduction of earthworrawida
significant effect on cocoon production with willsi, a dominant earthworm in Indian crop fields. In
combination of sodium chloride (NaCl) and Cu. agreement with other studies dn fetida, cocoon
Fordsmandkt al. (1998) recorded the reproduction as viability was affected negatively by Pb, makingstlai
most sensitive parameter being reduced at high NBeensitivity endpoint (Maboet al., 1999).

concentration in soil. Acute effects of Cd and Gu o .

the reproductive rate oE. fetida has also been Conclusion

revealed in studies by Spurgeoet al. (1994).  Results of the study provide evidence that repriduc
Reduction in cocoon production due to Pb and Cdof E. fetida is more sensitive than survival and weight
exposure has also been recorded (Sastza, 2007). change. Although survival, morphology and growth
Emergence of hatchlings: In control sample of soil were found affected in adult earthworms but acute
taken from PAU campus, hatchlings started emergingeffects were seen on reproductione. cocoon

2 weeks earlier than all the contaminated soil sas)p  production and juvenile production. Findings of the
Total number of hatchlings emerged was also more ipresent study can be used to plan and implement
case of control uncontaminated soil sample (Fig.5).remediation strategies for the metal polluted suils
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areas where risk of soil metal contamination is 44(3): 236-40.
associated with population dynamics of soil Maboeta, M. S., Rensburg, V. L., Jansen, P. J. andliteg,

invertebrates. V. (2008). Eart_hworm Hisenia fet?da) biqz_;lssay_to

assess the possible effects of platinum tailingpatial
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