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Abstract

Heavy metal contamination of soils has emerged as a critical environmental issue due to rapid
industrialization, urban expansion, and intensive agricultural practices. These contaminants are
persistent, non-biodegradable, and capable of bioaccumulation, thereby posing severe risks to
ecosystems and human health. Conventional remediation techniques are often expensive and
environmentally invasive, necessitating the development of sustainable alternatives.
Vermiremediation, an eco-friendly biological approach utilizing earthworms, has gained
increasing attention for its effectiveness in soil detoxification. The present study evaluates the
vermiremediation potential of Pheretima posthuma in heavy metal contaminated soils under
controlled laboratory conditions. Experimental treatments were established using contaminated
soil with and without earthworms over a period of 45 days. Parameters including heavy metal
concentration, soil physicochemical properties, and earthworm survival were analyzed. The
results revealed a significant reduction in heavy metal concentrations in treated soils,
accompanied by improvements in pH and organic carbon content. The findings demonstrate
that Pheretima posthuma is an efficient biological agent for soil remediation and highlight its

potential application in sustainable environmental management.
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Introduction

Soil contamination by heavy metals represents one of the most pressing environmental
challenges globally. Metals such as lead, cadmium, chromium, and zinc are introduced into soil
systems through anthropogenic activities including industrial effluents, mining operations,

sewage sludge application, and excessive use of fertilizers and pesticides (Alloway, 2013;
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Adriano, 2001). Unlike organic pollutants, heavy metals are not biodegradable and persist in
soils for long durations, leading to accumulation and increased toxicity over time.

The presence of heavy metals adversely affects soil health by altering microbial communities,
reducing enzymatic activity, and impairing plant growth. These metals can enter the food chain
through plant uptake, ultimately posing risks to human health such as neurological disorders,
kidney dysfunction, and carcinogenic effects (Nagajyoti et al., 2010). Therefore, effective
remediation of contaminated soils is essential for environmental sustainability and food
security.

Traditional remediation methods such as excavation, soil washing, and chemical stabilization
are often costly, energy-intensive, and disruptive to soil structure (Khalid et al., 2022).
Consequently, biological approaches have gained attention due to their cost-effectiveness and
environmental compatibility. Among these, vermiremediation has emerged as a promising
technique that utilizes earthworms to transform and detoxify contaminated soils (Sinha et al.,
2010).

Earthworms are considered ecosystem engineers due to their ability to modify soil structure,
enhance aeration, and stimulate microbial activity (Lavelle et al., 2006). Through their feeding
and burrowing activities, they influence the distribution and transformation of contaminants.
Earthworms ingest soil and organic matter, facilitating the breakdown of pollutants through
enzymatic and microbial processes (Aira et al., 2007).

Although several species such as Eisenia fetida have been extensively studied, limited attention
has been given to indigenous species like Pheretima posthuma, which are well adapted to local
environmental conditions. Studies indicate that species-specific differences significantly
influence metal accumulation and remediation efficiency (Hussain et al., 2021; Andleeb et al.,
2024). Therefore, the present study aims to evaluate the vermiremediation potential of

Pheretima posthuma in heavy metal contaminated soils.

Materials and Methods

Soil Collection and Preparation

Soil samples were collected from a contaminated site influenced by anthropogenic activities.
The samples were air-dried, homogenized, and sieved to remove debris and ensure uniformity.
The processed soil was used for experimental analysis.

Collection of Earthworms
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Adult specimens of Pheretima posthuma were collected from uncontaminated garden soil. The
earthworms were acclimatized under laboratory conditions for seven days prior to
experimentation to minimize stress and ensure consistency.

Experimental Design

The experiment was conducted using a completely randomized design with two treatments:
control (contaminated soil without earthworms) and experimental (contaminated soil with
Pheretima posthuma). Each treatment was maintained in triplicate. Approximately 1 kg of soil
was placed in containers, and ten earthworms were introduced into each experimental unit.
Moisture content was maintained at optimal levels throughout the 45-day experimental period.
Physicochemical Analysis

Soil pH was measured using a digital pH meter. Organic carbon content was determined using
standard methods, and moisture levels were maintained consistently across treatments.

Heavy Metal Analysis

Heavy metal concentrations were determined using atomic absorption spectrophotometry after
acid digestion. Metals analyzed included lead and cadmium, which are commonly associated
with soil contamination (Suthar et al., 2014).

Statistical Analysis

Data were analyzed statistically and expressed as mean values with standard deviation.

Differences between treatments were evaluated to determine the effectiveness of

vermiremediation.
Results
Table 1: Changes in Heavy Metal Concentration and Soil pH
Day Lead Lead Cadmium Cadmium pH pH
Control Treated Control Treated Control Treated
0 120 120 40 40 5.5 5.5
15 118 95 39 30 5.6 6.2
30 117 70 38 22 5.6 6.6
45 115 50 37 15 5.7 7.0

The results indicate a significant reduction in heavy metal concentrations in soils treated with
Pheretima posthuma. Lead concentration decreased from 120 mg/kg to 50 mg/kg, while

cadmium levels declined from 40 mg/kg to 15 mg/kg. In contrast, only minor reductions were
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observed in the control. Soil pH increased towards neutrality in treated samples, indicating

improved soil conditions.

Discussion

The reduction in heavy metal concentration observed in this study can be attributed to multiple
mechanisms associated with vermiremediation. Earthworms ingest contaminated soil, leading
to the accumulation of metals in their tissues. These metals are often bound to metallothioneins,
reducing their toxicity (Morgan and Morgan, 1999; Nahmani et al., 2007).

In addition to bioaccumulation, earthworms facilitate immobilization of metals through the
formation of stable complexes with organic matter in their casts (Swati and Hait, 2017).
Microbial activity within the earthworm gut further enhances the transformation of metals into
less toxic forms (Aira et al., 2007; Bhattacharya et al., 2024).

The improvement in soil pH and organic carbon content indicates enhanced soil fertility and
microbial activity. These findings are consistent with previous studies demonstrating the role
of earthworms in improving soil quality and reducing contaminant toxicity (Das et al., 2015;
Hussain et al., 2021).

The effectiveness of Pheretima posthuma observed in this study highlights its adaptability and
potential for application in contaminated environments. Similar findings have been reported in
studies evaluating earthworm-mediated remediation under different environmental conditions

(Andleeb et al., 2024; Khalid et al., 2022).

Conclusion

The present study demonstrates that Pheretima posthuma is an effective biological agent for
the remediation of heavy metal contaminated soils. Significant reductions in metal
concentrations and improvements in soil physicochemical properties were observed. The
findings support the use of vermiremediation as a sustainable and eco-friendly approach for
soil restoration. Further research focusing on large-scale applications and integration with other

remediation technologies is recommended.
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