


Vermiremediation of Heavy Metals Using Native Earthworm Species of Assam


ABSTRACT
	Rapid population expansion and shifting consumption habits have led to a rise in trash output, making the management of municipal solid waste (MSW) a crucial worldwide concern. Traditional disposal techniques like landfilling and incineration present serious environmental hazards, such as greenhouse gas emissions and contamination of soil and water. An environmentally beneficial substitute that improves soil fertility and controls heavy metal contamination is vermicomposting. The effectiveness of four native earthworm species of Assam—Amynthas diffringens, Perionyx excavatus, Perionyx annulatus, and Drawida nepalensis—in breaking down MSW was evaluated in this study, which was carried out in Guwahati, Assam during 2023–2024. The results showed that vermicomposting increased vital nutrients like phosphorus (0.48–0.70%), potassium (0.61–0.92%), calcium (0.34–0.96%), magnesium (0.02–0.15%), and sulfur (0.32–0.81%) while significantly lowering organic carbon to 181.47–250.62 g/kg and the C:N ratio to 14.9–23.08 from 38.6 in control. In addition, the process elevated the heavy metal concentrations of cadmium (0.66±0.04 mg/kg), chromium (46.00±6.2 mg/kg), lead (38.32±7.1 mg/kg), and nickel (29.00±6.3 mg/kg), but also diminished their mobility relative to the control treatment lacking earthworms. All vermicomposting treatments resulted in lower available cadmium (not detectable), chromium (16.61 mg/kg), and lead (3.91 mg/kg), making them more benign to the environment. Amynthas diffringens proved to be the most proficient species, revealing the best results in nutrient transformation accompanied by the maximum reduction of heavy metal bioavailability. The study demonstrated the role of earthworms in sequestering the deleterious effects of heavy metals, making them less accessible. This enables the use of vermicompost produced from MSW in agricultural fields and mitigates the danger posed by heavy metals by increasing their immobilization.
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1. INTRODUCTION
The concern of Municipal Solid Waste (MSW) had not been much of a challenge until rapid urbanization and consumption driven by globalization emerged. Traditional waste disposal techniques like landfills and incineration are especially damaging to the environment by contaminating soil and water, emitting greenhouse gases, and causing loss of valuable resources. The creation of sustainable plans to mitigate the effect of MSW disposal is therefore fundamental and will aid in advancing circular economy principles.
Vermicomposting is identified as an eco-friendly process for MSW recycling. Earthworms are the major organisms responsible for the breakdown of organic matter in the compost, and their activity also improves nutrient cycling and soil productivity. Along with these benefits, vermicomposting can provide a solution for heavy metal pollution hazards associated with MSW, which is a major challenge due to its dangerous negative impacts on ecosystems. A significant presence of heavy metals in MSW, if not handled properly, can lead to life-threatening health and ecological damage. Numerous investigators have demonstrated the ability of earthworms in effective heavy metal removal during vermicomposting as well as during land reclamation: Ahadi et al. (2020), Rosińska and Karwowska (2017), and Khan et al. (2019) are a few to name. Das et al. (2024) reported vermicomposting as a tool for removal of heavy metal contaminants from soil.
Alshehrei and Ameen (2021) noted a growing embrace of vermicomposting as a means of valorisation of Municipal Solid Waste (MSW) in urban areas. There have been numerous reports of vermicomposted sludge with proven fertilization value and suppression of plant disease when applied to cropped soils (Carmen et al. 2022; Qin et al., 2016; Maková et al., 2019). The vermicomposting process efficiently immobilizes heavy metals of organic waste by decreasing total and bioavailable metal content through organometallic complex formation and bioaccumulation. This reduction is made possible by enzymatic activities in the earthworm gut and cast, resulting in stabilization of the metal. Earthworms, although they accumulate metals, do not present an ecological hazard to the food chain as the metals are tissue bound and not released in available form. Heavy metals stored in earthworm tissues have been reported to bind proteins known as metallothioneins (MT) to create complexes, e.g., cadmium-MTs and lead-MTs (Usmani and Kumar, 2015). The body of an earthworm also serves as a biofilter that cleanses and neutralizes municipal wastes, including industrial wastewater. By the induction of MTs and/or other induced proteins in their gut, earthworms are able to detoxify by lowering the bioavailability of heavy metals (Hussain et al., 2021).
Since vermicompost is a high potential source of plant nutrients and free of pathogenic organisms, vermicomposting MSW prior to land application could be a suitable proposition (Sarkar et al., 2023). The effects of vermicompost produced from MSW combined with farmyard manure (FYM) and poultry litter (PL) was experimented by Nisar et al. (2025), who found higher soil fertility and yield of Zea mays. Yet, in order to prevent soil pollution and safeguard human health, the accumulation of heavy metals in MSW needs to be properly managed (Wuana and Okieimen, 2011; Vongdala et al., 2019).
It is important to employ local earthworm species in vermicomposting, along with addressing the problems of MSW management and heavy metal pollution. Local earthworms are more resilient and efficient in breaking down waste compared to exotic species since they are adapted to specific environmental conditions. Vermicomposting activities can enhance overall sustainability, lower ecological disturbance, and achieve maximum efficiency using local earthworm species (Goswami et al., 2001).
To promote biodiversity and strengthen ecosystem resilience, using native earthworm species is a great approach, as it helps maintain local species populations and their ecological interactions (Ansari and Ismail, 2012). Also, since communities have traditionally relied on native earthworms for enriching soil and managing waste, their use can also help safeguard cultural and traditional knowledge (Goswami, 1996).
Realizing the urgent need of preserving and exploiting local vermicomposting species and their potential to remediate heavy metals, an experiment was designed with the following specific objectives:
1. Investigating how different local earthworm species influence the decomposition rate and nutrient enrichment during the vermicomposting of MSW.
2. Analyzing the presence, transformation, and accumulation of heavy metals in vermicompost derived from MSW.
3. Identifying which local earthworm species are most effective in enhancing MSW recycling efficiency and reducing environmental risks associated with heavy metal contamination.
4. Assessing the quality of vermicompost produced from municipal solid waste using local earthworm species.
2. MATERIAL AND METHODS
To meet the objectives, a sequential vermicomposting activity was carried out in Guwahati, Assam, during 2023–2024. This was done in earthen pots of 8 kg capacity with drainage holes. Following standard procedures, the pots were filled with a layer of soil followed by a layer of partially decomposed cow dung and shredded MSW in a ratio of 10:10:80 (Goswami, 1996). Each pot also had a 2 cm layer of broken bricks at the bottom for drainage. For this study, MSW was collected from a nearby marketplace. The organic part was used for composting after discarding the non-biodegradable portion. The experiment was laid out with five treatments, each replicated five times: four treatments with local earthworm species—Amynthas diffringens (T2), Perionyx excavatus (T3), Perionyx annulatus (T4) and Drawida nepalensis (T5)—and one control (T1) consisting of pots with the substrate but without earthworm inoculation. In each prepared pot, 20 adult earthworms of each species were released. Each pot's moisture content was regulated between 60 and 70 percent, and the pots were kept at 20 to 30°C in partial shade. After 50 days, the compost was collected, the earthworm population was separated and counted. The compost was dried in the shade, then sieved using a 2 mm sieve.
2.1 Sample Preparation and Nutrient Estimation Methods
For sample preparation, standard weights required for all tests were collected and kept separately. The preparation of all samples for different analyses followed the procedure detailed by Singh and Praharaj (2017).
2.2 Estimation of Organic Carbon
Organic carbon was estimated using the Walkley and Black Rapid Titration Method (1934).
2.3 Estimation of Total N, P, K, Ca, Mg, and S
For nutrients except nitrogen, 1 g of each sample was taken in a silica crucible and burned in a muffle furnace at 550°C. The ash was then digested in HCl and from this digested ash total phosphorus, potassium, calcium, magnesium and sulfur were determined. Total phosphorus was estimated colorimetrically by yellow color method (Jackson, 1973). Total potassium was determined flame photometrically (Jackson, 1973). Calcium and magnesium were titrated with 0.01 N EDTA (Jackson, 1973). Total sulfur was determined by the standard procedure of Tabatabai and Bremner (1970). For total nitrogen, each sample was digested in H₂SO₄ with digestion accelerators. The digested material was then distilled and the distillate was used to measure total nitrogen (Jackson, 1973).
2.4 Estimation of Heavy Metals
A weighed amount of 1 g sample was taken and transferred to a 250 ml beaker. Then 15 ml of aqua regia (an aqueous mixture of hydrochloric acid and nitric acid in a 3:1 ratio) was added to it. In order to complete digestion of the sample, the suspension was heated at 70°C until transparency of solution was obtained. After digestion was completed, insoluble residues were removed by filtration through Whatman No. 42 filter paper. The clear filtrate was transferred to a 50 ml volumetric flask and diluted to the mark with deionized water for further analysis. Blank solution and standard solutions of Fe, Cu, Zn, Mn, Cd, Ni, Cr, and Pb were prepared. The solutions were atomized in the Atomic Absorption Spectrophotometer (AAS) and the absorbance was measured to obtain calibration graphs. The AAS was then fed with the digested sample solution and the absorbance readings were taken. Using the calibration curves, the concentrations of the heavy metals in the samples were determined accurately.
2.5 Water-Soluble Heavy Metals
A portion of 1.0 g of the prepared sample was placed into a 50 mL centrifuge tube and 25 mL of deionized water was added. The resulting mixture was shaken at room temperature for 16 hours to promote the extraction of metal species that dissolve in water. Following shaking, the suspension underwent centrifugation for 15 minutes at 5,000 rpm. The supernatant was then filtered with a 0.22 µm filter to yield a clear extract. Calibration standards were prepared for each metal of interest (Ni, Pb, Cd, and Cr), and the filtered extracts were analyzed by AAS. The values were compared using calibration curves to ascertain the concentration of heavy metals present in the samples (Wang et al., 2022).
2.6 Statistical Analysis
The analysis of all characters was done according to the methodology illustrated by Gomez and Gomez (1984). The difference between treatments was evaluated for significance at 1% and 5% levels of significance.
3. RESULTS AND DISCUSSION
The initial composition of the MSW, soil, and cowdung used in the experiment is presented in Table 1.
Table 1: Initial Composition of MSW, Soil and Cowdung
	Sl. No.
	Parameters
	MSW
	Soil
	Cowdung

	1
	pH
	5.30
	4.9
	6.2

	2
	C:N
	44.8
	7
	21.56

	3
	P (%)
	0.33
	0.01
	0.2

	4
	K (%)
	0.64
	0.14
	0.10

	5
	Ca (%)
	0.53
	0.08
	0.26

	6
	Mg (%)
	0.06
	0.07
	0.03

	7
	S (%)
	0.63
	0.01
	0.09

	8
	Cu (mg/kg)
	86.60
	20
	36.2

	9
	Fe (mg/kg)
	4322.12
	1330
	3375

	10
	Mn (mg/kg)
	533
	100
	383

	11
	Zn (mg/kg)
	246.7
	30
	146

	12
	Ni (mg/kg)
	37
	ND
	25.6

	13
	Cd (mg/kg)
	0.7
	ND
	0.26

	14
	Cr (mg/kg)
	53
	ND
	40.88



Results of the experiment suggested that organic carbon significantly decreased upon vermicomposting. Vermicomposting by Amynthas diffringens (T2) recorded 181.47 g/kg mean organic carbon while composting by Drawida nepalensis (T5) recorded the highest level of organic carbon (250.62 g/kg). The C:N ratio also decreased to a significantly lower level ranging from 14.9 to 23.08 compared to the control which recorded a C:N ratio of 38.6. Phosphorus (%) increased very significantly to a level of 0.48–0.70% from 0.20% in control, while K content was highest in T2 (0.92%) and lowest in T5 (0.61%), which was statistically significant at both 5% and 1% levels of probability over control T1 (0.51%). Similar trends were observed for Ca, Mg, and S, with T2 showing significantly the highest values of 0.96%, 0.15%, and 0.82% respectively, while the control T1 recorded 0.34%, 0.02%, and 0.32% of Ca, Mg, and S. Inter-specific differences were observed in all parameters (Table 2), with T2 recording significantly superior values followed by T3 and T4. There were no significant differences in C:N ratio, Mg, and S in the case of T3 and T4, while non-significant differences were observed between T2 and T3 in the case of earthworm population, C:N ratio, and organic carbon.
Table 2: Physicochemical characteristics of vermicompost prepared from MSW
	Treatments
	Earthworm population
	OC (g/kg)
	C:N
	P (%)
	K (%)
	Ca (%)
	Mg (%)
	S (%)

	T1 (Control)
	—
	350.00±9.4a
	38.6±0.13a
	0.20±0.06d
	0.51±0.09d
	0.34±0.08d
	0.02±0.06d
	0.32±0.03d

	T2 (Amynthas diffringens)
	110±8.3a
	181.47±8.5d
	14.9±0.11c
	0.70±0.01a
	0.92±0.03a
	0.96±0.04a
	0.15±0.04a
	0.81±0.08a

	T3 (Perionyx excavatus)
	98±0.17b
	188.61±7.9cd
	17.00±0.14c
	0.52±0.03b
	0.79±0.05b
	0.82±0.06b
	0.11±0.03b
	0.75±0.02b

	T4 (Perionyx annulatus)
	91±0.13c
	201.99±6.7c
	16.09±0.12c
	0.69±0.02a
	0.86±0.07ab
	0.91±0.07a
	0.11±0.05b
	0.77±0.06ab

	T5 (Drawida nepalensis)
	63±0.15d
	250.62±7.1b
	23.08±0.15b
	0.48±0.05c
	0.61±0.08c
	0.52±0.08c
	0.04±0.07c
	0.44±0.07c


CD (5%): OC = 9.6; C:N = 4.2; P = 0.01; K = 0.02; Ca = 0.01; Mg = 0.004; S = 0.02

Table 3: Heavy metal contents of vermicompost (mg/kg)
	Treatments
	Fe
	Mn
	Cu
	Zn

	T1 (Control)
	3672.25±29.12d
	393.45±5.2d
	44.13±0.14d
	155.30±7.7d

	T2 (Amynthas diffringens)
	4213.12±33.43a
	500.14±8.1a
	81.11±0.15a
	230.86±6.5a

	T3 (Perionyx excavatus)
	4041.42±26.11b
	456.22±6.3b
	72.20±0.11b
	190.39±5.3b

	T4 (Perionyx annulatus)
	3967.88±30.32b
	442.31±7.4b
	62.32±0.09c
	167.91±6.1c

	T5 (Drawida nepalensis)
	3825.17±31.23c
	415.21±6.1c
	54.25±0.12c
	164.08±8.3c


CD (5%): Fe = 142.35; Mn = 32.92; Cu = 5.60; Zn = 17.56

The iron content varied significantly (P = .05) among treatments compared to control. T2 (4213.12 mg/kg), T3 (4041.42 mg/kg), T4 (3967.88 mg/kg), and T5 (3825.17 mg/kg) all showed significantly higher iron levels than the control (3672.25 mg/kg). The manganese content was also significantly different (P = .05). T2 (500.14 mg/kg) showed the highest significant increase, followed by T3 (456.22 mg/kg), T4 (442.31 mg/kg), and T5 (415.21 mg/kg) compared to the control (393.45 mg/kg). The copper content showed significant differences (P = .05): T2 (81.11 mg/kg) and T3 (72.20 mg/kg) had significantly higher copper content compared to the control (44.13 mg/kg). Zinc content was significantly different among treatments, with T2 (230.86 mg/kg) having the highest zinc content, followed by T3 (190.39 mg/kg), T4 (167.91 mg/kg), and T5 (164.08 mg/kg) compared to the control (155.30 mg/kg). Results revealed that iron, manganese, and copper content in T2, T3, and T4, and zinc content in T2 and T3 were significantly higher than the control at P < .001. These data are presented in Table 3.
Table 4: Toxic heavy metal contents of vermicompost (mg/kg)
	Treatments
	Cd
	Cr
	Pb
	Ni

	T1 (Control)
	0.44±0.03c
	30.80±5.5c
	32.60±6.6c
	21.00±5.2c

	T2 (Amynthas diffringens)
	0.66±0.04a
	46.00±6.2a
	38.32±7.1a
	29.00±6.3a

	T3 (Perionyx excavatus)
	0.50±0.05b
	40.00±7.1b
	36.50±8.2b
	25.32±7.2b

	T4 (Perionyx annulatus)
	0.49±0.02b
	31.22±4.5c
	34.53±5.1bc
	23.61±6.1b

	T5 (Drawida nepalensis)
	0.45±0.01c
	33.36±5.1c
	33.28±5.3c
	21.28±5.4c


CD (5%): Cd = 0.01; Cr = 4.56; Pb = 2.67; Ni = 5.45

Table 4 presents the toxic heavy metals viz. Cd, Cr, Pb, and Ni. Cadmium (Cd) content showed significant differences at P = .05 and P < .001 among the treatments compared to the control. T2 (0.66±0.04) and T3 (0.50±0.05) had significantly higher Cd content than the control (0.44±0.03). T4 (0.49±0.02) and T5 (0.45±0.01) were not significantly different from the control at P < .001. For chromium (Cr), significant differences were observed at both P = .05 and P < .001. T2 (46.00±6.2) and T3 (40.00±7.1) had significantly higher Cr content than the control (30.80±5.5), whereas T4 (31.22±4.5) and T5 (33.36±5.1) were not significantly different from the control at P < .001. Lead (Pb) content showed significant differences at both P = .05 and P < .001 levels. T2 (38.32±7.1) and T3 (36.50±8.2) had significantly higher Pb content compared to the control (32.60±6.6), while T4 (34.53±5.1) and T5 (33.28±5.3) were not significantly different from the control at P < .001. Nickel (Ni) content was significantly different at P = .05 but not uniformly at P < .001. T2 (29.00±6.3) and T3 (25.32±7.2) had significantly higher Ni content compared to the control (21.00±5.2), while T4 (23.61±6.1) and T5 (21.28±5.4) were not significantly different from the control at P < .001.
Table 5: Water soluble heavy metals (mg/kg)
	Treatments
	Fe
	Zn
	Cu
	Mg
	Pb
	Cr
	Ni
	Cd

	T1 (Control)
	280±3.1a
	16.7±0.10a
	7.0±0.05a
	58.5±0.35a
	8.00±0.05a
	30.50±0.2a
	5.51±0.04a
	ND

	T2 (A. diffringens)
	190±2.8c
	11.3±0.15c
	4.9±0.01c
	49.1±0.25c
	3.91±0.06c
	16.61±0.5c
	1.80±0.06c
	ND

	T3 (P. excavatus)
	218.09±3.3b
	11.2±0.11c
	5.8±0.03b
	51.6±0.31b
	4.63±0.08b
	18.80±0.6b
	1.93±0.05b
	ND

	T4 (P. annulatus)
	221±2.4b
	12.6±0.15b
	5.1±0.02bc
	54.4±0.32b
	5.10±0.06b
	18.56±0.4b
	2.06±0.07b
	ND

	T5 (D. nepalensis)
	246±2.9a
	14.50±0.12a
	6.1±0.04ab
	55.1±0.33a
	5.50±0.07b
	22.32±0.7b
	2.04±0.09b
	ND


CD (5%): Fe = 18.98; Zn = 3.30; Cu = 0.52; Mg = 3.45; Pb = 0.34; Cr = 2.32; Ni = 0.65; Cd = ND (Not Detectable in all treatments)

Table 5 presents the water-soluble fractions of the control and vermicompost samples. Fe in control T1 was 280.00 mg/kg, which decreased to 190.00 mg/kg in T2. The mean value of Zn in T1 was 16.70 mg/kg, which dropped to 11.30 mg/kg. Water-soluble Cu was 7.00 mg/kg in T1, while in T2 it was 4.90 mg/kg. Mg recorded 58.50 mg/kg in T1, decreasing to 49.10 mg/kg in T2 with earthworm activity. Both Pb and Cr recorded 8.00 mg/kg and 30.50 mg/kg respectively in T1. Pb and Cr values were significantly lower than the control in T2, with 3.91 mg/kg and 16.61 mg/kg respectively. Water-soluble Ni was highest in control T1 (5.51 mg/kg) and as low as 1.80 mg/kg in T2. Water-soluble Cd was not detectable in any of the treatments.
Organic carbon and C:N ratio in every treatment were reduced after vermicomposting, which may be due to enhancement in microbial activity, as worms increased the surface area available to microbes. The differences among the treatments were due to different activities of the worm species employed (Goswami, 2002). The high nutrient content and low organic carbon in earthworm-treated treatments compared to the control reflect the contribution of earthworms towards enhanced decomposition and the release of nutrients. There was a notable increase of all non-metallic nutrients like phosphorus, potassium, calcium, magnesium, and sulfur during vermicomposting. Garg et al. (2006) noted similar observations. The concentration increased for both essential and toxic heavy metals in the current experiment, which could be due to fragmentation of dry matter leading to enhancement of the transformation of nutrients. The vermicompost's nutrient concentration was raised by the earthworms' gut microbiota, the associated microbial activity that enhanced mineralization during the vermicomposting process, and the net loss of dry mass associated with microbial processes (Pathma and Sakthivel, 2012; Hait and Tare, 2012). Singh and Kalamdhad (2013b) conducted research on Zn, Cu, Mn, Fe, Ni, Pb, Cd, and Cr during a 30-day agitated-pile composting process of water hyacinth, investigating the effects of pH, temperature, and organic matter content on the distribution of heavy metal leachability and bioavailability. In their studies on different species of earthworms as composters, Goswami et al. (2001) showed that for all species the concentration of total heavy metals increased during the process of composting.
The high levels of heavy metals in treatments with earthworm species, especially Amynthas diffringens, causes concern for the environment. Earthworms bio-accumulate heavy metals in their body tissues, which affects the heavy metal cycle in soil (Chao et al., 2016; Cao et al., 2017; Tang et al., 2017; Zhao et al., 2018; Maity et al., 2018; Ecimovic et al., 2018; Yuvaraj et al., 2020; Zaltauskaite et al., 2020; Fytili and Zabaniotou, 2008). Various experiments have shown that heavy metals in earthworms are highly compartmentalized and bound to metallothioneins, an inducible form of metalloproteins (Stürzenbaum et al., 2004) that provide cysteine thiolate ligands and are part of the metal buffer in cells that store biologically essential metals and sequester toxic ones (Foster and Robinson, 2011). Earthworms are capable of physiologically transforming and removing a great deal of heavy metals present in industrial sludge, because of the action of a diverse gut microbiota, enzymes, and chloragocyte cells that detoxify through robust metabolism and bioconversion to non-toxic forms (Bhat et al., 2018). The process of vermicomposting resulted in decreased availability of heavy metals due to bioaccumulation within earthworms and formation of metal-organic complexes (Singh and Kalamdhad, 2013a). In addition to bioaccumulation, transformation of heavy metals in compost greatly affects their bioavailability and toxicity.
Heavy metals tend to become trapped in the organic part of compost, which immobilizes them and limits their chances of leaching into the environment (Fytili and Zabaniotou, 2008). Wang et al. (2018) and Khedr et al. (2023) also discovered that vermicompost was a better way to immobilize heavy metals than other composts. Compost materials have several organic and inorganic components that can adsorb heavy metals on their surfaces, thereby capturing them and making it difficult for plants to uptake or for these metals to leach into ground water. A plot experiment by Khedr et al. (2023) studied the effectiveness of compost and vermicompost produced from agro-industrial wastes on the immobilization of chromium, cadmium, and lead, observing that vermicompost resulted in greater reduction of bioavailability of these metals in soils when compared with compost due to greater enhancement of the immobilized organic fractions.
From the analysis of the products and the works cited above, it can be inferred that the results achieved with earthworm castings greatly reduce available heavy metals and the potential for leaching into soil is minimized when using Municipal Waste-recycled vermicompost. Numerous researchers have demonstrated that the bulk density of waste is heavily reduced by vermicomposting in comparison to composting, and so is the pathogen population (Dominguez and Edwards, 2011). The thermophilic phase in composting effectively eliminates human pathogens, and studies have indicated that human pathogens can also be eradicated during vermicomposting (Dominguez and Edwards, 2011). Thus, the resultant output of MSW vermicomposting becomes a much value-added product suitable for agricultural use without fear of contamination.
The combination of species differences among earthworms can be explained using many aspects, such as the earthworm species' feeding behavior, metabolic rate, and physiological traits. Among the earthworm species evaluated in the present study, Amynthas diffringens (T2) performed exceptionally well in nutrient transformation and heavy metal reduction compared to other species.
The findings were similar to what was reported by Goswami (2002). This might be because of very special traits of this species that enhance efficiency in vermicomposting processes (Edwards and Bohlen, 1996). Various earthworm species have different feeding strategies whereby some species are more selective for certain organic materials, while others are more non-discriminative in their feeding activities (Dominguez and Edwards, 2004). Moreover, Edwards and Bohlen (1996) noted that other species differences also exist in metabolic rate and in some cases the activities of the earthworm's enzymes have an effect on how fast organic matter decomposition and nutrient mineralization take place. Thus, Amynthas diffringens proved to be the most efficient local/indigenous species for vermicomposting, compared to Perionyx excavatus (T3), Perionyx annulatus (T4), and Drawida nepalensis (T5). Even so, two more species, Perionyx excavatus (T3) and Perionyx annulatus (T4), showing satisfactory results could also be used for vermicomposting of MSW if easily available.
4. CONCLUSION
The results of the study highlight the important role that earthworm species play in heavy metal movement in vermicompost. The existence of heavy metals in compost can certainly be concerning. However, those risks can be safely controlled by taking into account the earthworm activity during vermicomposting and the positive impacts on soil quality and plant growth. It may be worth utilizing indigenous/local earthworm species for this purpose. If the right species of earthworm are chosen, with appropriate management and monitoring, the use of vermicompost could enhance soil fertility and productivity in a sustainable and ecologically friendly way.
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