


Accumulation of Heavy Metals by Earthworms Exposed to Soil Contaminated with Thermal Power Station Condensate and Used Transformer Oil in Delta State, Nigeria.

Abstract
Changes in soil properties that reduce environmental services always result in a decline in soil quality. A variety of stressors, which may be physical, chemical, or biological and originate from both human and natural causes, could lead to these modifications. Using conventional laboratory methods, this study examined the physicochemical properties and heavy metal concentrations of soil samples from the condensate dump site and the electric transformer site in Delta State, Nigeria, as well as the earthworms introduced into the soil samples at varying degrees of contamination. The majority of the physicochemical parameters were higher in the condensate dump site soil than in the electrical transformer site soil, according to the findings. The heavy metals analysis in condensate, electrical transformer oil, soil samples from condensate dump site, and electrical transformer sites shows metal concentrations ranging from Cu 0.03-7.54ppm, Zn 0.12 - 4.33ppm, As 1.26 8 4.88ppm, Cd 0.01 -1.72ppm, Pb 2.10 - 4.22ppm, Hg 0.25 -2.19ppm, Fe 0.29 -2.34ppm, and Cr 0.12-1.8ppm. The earthworm accumulated metals from the soil in a contamination-percentage-dependent manner. Except for cadmium, which was above the DPR-established limit, the soil's heavy metals were all within the acceptable DPR limits. The study revealed that exposure to thermal power station condensate and used transformer oil resulted in heavy metal accumulation in earthworms, highlighting the environmental risks associated with soil contamination and the need for proper monitoring of industrial waste disposal practices.
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INTRODUCTION
The intensive use of biocides, industrial activities, fertilizers in agriculture, urban waste, and atmospheric deposition have all contributed to a significant rise in anthropogenic pollution and soil contamination around the world in recent decades. The extent of industrialization and the severity of chemical usage are linked to its occurrence. (Dada et al., 2015, Ayeni et al., 2025). As highlighted by Mishra et al. (2024), soil contamination poses a risk to living things since it depletes soil fertility, modifies soil structure, disrupts the balance between flora and fauna in the soil, and pollutes groundwater and crops. They note that the most widespread chemicals found in soil include pesticides, heavy metals, petroleum hydrocarbons, polychlorobiphenyls (PCBs), and dibenzo-p-dioxins/dibenzofurans (PCDD/Fs).
The environment is heavily contaminated by heavy metals from man-made sources, with the majority of them eventually ending up in the topsoil layers. Even at low concentrations, these metals are very harmful to the environment. Examples include lead (Pb), mercury (Hg), cadmium (Cd), chromium (Cr), arsenic (As), and micronutrients like copper (Cu), nickel (Ni), and zinc (Zn), which become hazardous above a certain threshold (Mishra et al., 2026; Zulfiqar et al., 2024).

Heavy metals can come from a variety of places, including pesticides, fertilizers, organic and inorganic soil treatments, mining, wastes, and sludge residues (Capri and Trevisan, 2002). Unlike hazardous organic molecules, heavy metals do not break down and remain in the soil, even if their release into the environment can be controlled (Brusseau, 1997). Due to their inorganic character, heavy metals are not broken down by any biological or physical mechanism, which contributes to their extended stay in the environmental matrix. Additionally, soil organisms can readily absorb them due to their bioavailability. As a result, the effects of heavy metal pollution on soil organisms and decomposition processes last for several years (Hussain et al., 2026).
Invertebrates in the soil offer a wide range of ecosystem services that are essential to the long-term viability of agriculture. Soil biodiversity promotes self-sustaining ecosystem functions that drive specialized activities such as maintaining soil structure, cycling nutrients, converting carbohydrates, and controlling pests and diseases (Perrings et al., 2006; Kibblewhite et al., 2008; Chagnon et al., 2015). As demonstrated by Liu et al. (2025), the burrowing behavior of soil creatures changes the porosity of the soil, which improves aeration, water infiltration, and retention, and lowers compaction. Furthermore, they note that woodlice, millipedes, earthworms, springtails, and nematodes transform rotting material and minerals into beneficial forms, cycle nutrients, and enhance soil fertility.
Due to their impact on the soil's physical, chemical, and microbiological qualities, earthworms are thought of as soil engineers. In the majority of terrestrial ecosystems, they are essential for the creation of soil and the breakdown of organic matter. Historically, they have been thought of as practical indicators of land use effects and soil fertility. They aid in soil profile and pedogenesis (Barlett et al., 2010) as well as in boosting soil fertility. Specifically, earthworms may boost the mineralization and humification of organic matter through food consumption, respiration, and gut transit (Lavelle and Spain 2001). Through their casting behavior and by boosting the surface area of organic particles, they may indirectly promote the mobilization of nutrients as well as microbial mass and activity (Emmerling and Paulsch 2001). The majority of earthworm activity occurs on soil microorganisms. Earthworms are essential for the spread and propagation of microorganisms. The soil affected by earthworms is often seen to have a high amount of microbial activity and biomass (Hoang et al., 2016).
In general, soil contamination with heavy metals and metalloids negatively affects earthworms because they can absorb these substances through two potential routes: dermal and gut exposure (Leveque et al., 2013; Garcia-Velasco et al., 2016). Oxidative stress is the primary toxic consequence (Wang and Cui, 2016; Yan et al., 2021).
Furthermore, their continuous burrowing and eating activities greatly contribute to the creation and increase of soil micro habitats, which have a significant impact on both the above- and belowground ecosystems. The most visible physical alterations brought about by earthworms are improved soil porosity, water infiltration, soil aeration, and plant root growth (Capowiez et al., 2014).
As they move through the soil, earthworms construct tunnels. These tunnels are able to remain in the ground for a very long period of time. Earthworm burrows increase soil porosity, which causes more air and water to enter the soil. Furthermore, greater porosity encourages root growth and lowers overall density. Earthworm casts enhance soil fertility because they contain nitrogen, phosphorus, potassium, and magnesium. Earthworm casts also contain microorganisms, and their population increases as their stomachs break down organic waste (Li, Wang, Zhang, & Liu, 2025).
The recycling of nutrients from organic waste and the development of microbes’ aid in the growth of plants (Akhila and Entoori, 2022). Earthworms can increase plant output by promoting the development of both roots and shoots. According to Xiao et al. (2018), variations in soil texture and nutrient mineralization brought about by earthworms resulted in a 20% rise in plant development. By enhancing the chemical defenses of plants, these creatures promote plant resistance to pests (Wurst, 2010; Xiao et al., 2018; Sanchez-Hernandez, 2019).
The important role of soil organisms, especially earthworms, in the fertility of the soil cannot be overemphasized. The effect of pollutants on the soil can be monitored with earthworms, hence    
The study was therefore aimed at investigating the physicochemical properties and accumulation of some heavy metals from contaminated soil from the thermal power station in Delta State, Nigeria, by earthworms.

MATERIALS AND METHODS
Materials
The oil and condensate samples
The used electrical transformer oil was collected from the electrical transformer within the power station, while the condensate was collected from the condensate tank within the thermal plant.
Soil Samples
 At a depth of 0 to 15 cm, a stainless-steel shovel was used to collect soil samples from both the electrical transformer site and the condensate dumping location. The samples were taken to the lab after being wrapped in aluminum foil and placed in clean polyethylene bags. After being air-dried at room temperature, the soil samples were ground to powder using a lab mortar and pestle, then passed through a 2 mm sieve.
The Earthworm
The earthworms were conditioned for four weeks after being hand-sorted from an unpolluted garden during the rainy season. Before exposure, adult earthworms were identified and given a taxonomic assignment. They were kept on damp filter paper in a tray covered with a net for 24 hours in order to empty the contents of their gut. All the earthworms used in this experiment were adult earthworms.
Soil sample preparation
 The various percentages of contaminated soils were created by thoroughly mixing 700g of contaminated soil with 300g of non-contaminated soil for 70%, 500g each of contaminated and non-contaminated soil for 50%, 700g of non-contaminated soil with 300g of contaminated soil for 30%, 900g of non-contaminated soil with 100g of contaminated soil for 10%, and then 0% for the non-contaminated soil sample. The various percentages were put into a little bucket, followed by adult worms, and then the buckets were left for 28 days, after which tests were conducted on them as well
Physicochemical analysis of samples: Soil pH was determined (1:2.5 w/v) using a digital pH meter, and some of the parameters were determined by the methods described by the following;
 Particle size by Bouyoucos (1951), Cation exchange capacity, Organic carbon and organic matter by Jackson (1967), total nitrogen by Subhaiah and Asija, 1956. P by Watanabe and Olsen, 1965
Nitric Acid Digestion for Metals Before Atomic Absorption Spectrophotometer (AAS) Analysis Procedure
To measure the liquid samples, 50 ml were placed in a beaker, followed by 3 ml of concentrated HNO3 acid, or 1 gram of soil from any of the solid samples was added to 50 ml of HNO3. The mixture was heated and evaporated on a steam bath until it had the least amount of volume (less than 5 mL) before precipitation happened. The mixtures were allowed to cool, then heated further with an additional 5 ml of concentrated HNO3 acid and then in excess until digestion was complete, as indicated by a light-colored, clear solution. The samples were allowed to cool after being evaporated to less than 5 mL. To the cooled sample, 10 mL of HCl (1:1) and 15 mL of distilled water were added, and the mixture was heated for an additional 15 minutes to dissolve any precipitates or residue. The beakers' walls were rinsed with distilled water before being filtered. Distilled water was used to dilute the filtrates to the mark in a 100 ml volumetric flask. Some of the solutions were subjected to necessary metal analysis using the ALPHA-4-AAS MODEL.
STATISTICAL ANALYSIS
Data obtained were statistically analyzed using one-way analysis of variance (ANOVA) with SPSS version 10.0 statistical packages and reported as mean ± standard error of mean of three replicate analyses.
RESULT
Table 1: Physicochemical properties of soil samples 
	Parameters
	Transformer     
      soil I
	Transformer 
    soil II
	    Condensate 
          Soil
	Non-contaminated     
          soil

	Clay
	    5±0.00 
	   5±0.02 
	     6.00±0.00 
	     4.00±0.00 

	Silt
	    7±0.01 
	   6±0.00 
	     7.00±0.00 
	     8.00±1.00 

	Coarse
	  28±0.52 
	  28±0.01 
	    25.00±0.23 
	    22.00±1.20 

	Fine
	  62±0.67 
	  62±1.09 
	      62±0.74 
	    58±0.92 

	Textural class
	    Sand 
	    Sand 
	        Sand 
	      Sand 

	Colour
	  Ash/gray 
	  Ash/gray 
	      Ash/gray 
	    Ash/gray 

	Temperature
	  26±0.27 
	  27±0.34 
	      27±0.82 
	    25±0.07 

	Ph
	  5.4±0.82 
	  5.6±0.12 
	      5.0±0.66 
	    6.8± 0.32 

	Moisture content 
	10.6±0.76 
	10.8±0.52 
	     8.1± 0.011 
	    6.2±042 

	Organic Carbon
	0.678±0.02 
	0.987±0.01 
	    1.440±0.01 
	  0.280±0.04 

	Organic matter
	1.480±0.06 
	2.480±1.06 
	    2.064±0.30 
	    3.4±1.96 

	CEC
	14.60±1.08 
	18.80±0.33 
	    17.40±0.04 
	  12.05±0.30 

	Nitrogen (%)
	0.252±0.05 
	0.182±0.03 
	    0.366±0.03 
	  34.55±0.97 

	Sodium (%)
	0.0788±0.00 
	0.069±0.01 
	    0.0774±0.01 
	 0.0679±0.00 

	Potassium (%)
	0.0656±0.00 
	0.0680±0.01 
	    0.023±0.00 
	 0.3471±0.01 

	Calcium (%)
	0.196±0.00 
	0.183±0.00 
	    0.196±0.01 
	  0.18±0.01 

	Magnesium (%) 
	Not detected 
	Not detected 
	  Not detected 
	  3.67±0.34 



 Physicochemical properties of soil samples collected from the vicinity of the thermal power station.
The physicochemical characteristics of the contaminated soil samples were evaluated as presented in Table 1. It was observed that all the soil samples analyzed have the same textural class, with the percentage of clay and silt significantly (P< 0.05) higher in the contaminated soil sample compared with the non-contaminated soil sample. The condensate contaminated soil had the highest value of 6.00±00 and 7±00, respectively. The temperature, organic carbon, and moisture content of the contaminated soil samples were significantly (P<0.05) higher than those of the non-contaminated soil sample. While the organic matter, pH, nitrogen CEC, and the exchangeable ions nitrogen were higher in the non-contaminated soil sample. With magnesium only detected in the non-contaminated soil sample.
Table 2:  Heavy metal content of Condensate, oil, and soil samples
	Metal (ppm)
	Condensate 
	Used electrical transformer oil
	Transformer   
    I   soil 
	Transformer
   II    soil
	Condensate   
      soil
	Non-contaminated soil
	Selected Average for soil

	Cu 
	7.54±0.84
	2.78±0.08
	2.01±0.18
	3.20±0.91
	4.05±0.18
	0.03±0.01
	30

	Zn
	4.33±0.30
	3.21±0.12
	3.53±0.21
	4.82±0.17
	5.99±0.56
	0.12±0.00
	50

	As
	2.71±0.01
	1.26±0.06
	2.50±0.07
	3.35±0.03
	4.88±0.01
	ND
	5

	Cd
	0.51±0.10
	0.32±0.10
	ND
	1.72±0.00
	1.46±0.00
	0.01±0.00
	0.06

	Ni
	ND
	ND
	ND 
	ND
	ND
	ND
	40

	Pb
	3.58±0.04
	4.17±0.03
	ND
	2.10±0.00
	4.22±0.01
	ND
	10

	Hg
	2.19±0.01
	0.96±0.25
	0.25±0.02
	1.23±0.01
	1.62±0.00
	ND
	0.03

	Fe
	0.54±0.10
	0.33±0.01
	0.4±0.02
	2.12±0.01
	2.34±0.02
	0.29±0.01
	38000

	Cr
	0.34±0.00
	0.65±0.10
	0.21±0.04
	1.43±0.01
	1.82± 0.10
	ND
	100


             Mean ± SEM: n = 3 ND = not detected

Heavy metal concentrations in condensate, used electrical transformer oil, as well as those in the soil samples taken from the condensate dump site and transformer installation sites   
Metal content of condensate, used electrical transformer oil, condensate dump site soil, and electrical transformer installation site soil, as presented as mean ± SD in Table 2, shows that the heavy metals in the condensate and used electrical transformer oil were significantly (p<0.05) higher when compared with heavy metals in the soil samples at their dump site. The condensate dump site soil sample and the electrical transformer site sample showed a significant increase (p <0.05) in most of the metals when compared with the control (non-contaminated soil sample). The order of increase in the metals of the contaminated soil samples was Zn > Cu > As > Pb > Fe > Hg > Cr. 
Table 3: Heavy metal content of Earthworms introduced into different percentages of contaminated soil samples for 28 days
	Metals (ppm)
	0%
	10% C
	30%C
	50%C
	70%C
	10%T
	30%T
	50%T
	70%T

	       Cu
	ND  
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND

	       Zn
	ND
	0.32±0.02
	0.45±0.01
	0.460±0.01
	0.82±0.00
	0.22±0.02
	0.36±0.02
	0.384±0.06
	3.24±0.03

	       As
	ND
	0.19±0.01
	0.27±0.00
	0.53±0.40
	0.83±0.30
	0.24±0.01
	0.47±0.10
	0.88±0.01
	1.94±0.01

	       Hg
	ND
	ND
	ND
	0.01±0.00
	0.02±0.00
	0.03±0.00
	ND
	ND
	0.04±0.01

	       Fe
	0.16±0.01
	0.19±0.07
	0.21±0.01
	0.52±0.03
	1.13±0.80
	0.78±0.20
	0.82±0.03
	0.83±0.01
	2.53±0.10

	       Cr
	ND
	ND
	0.01±0.00
	0.40±0.02
	0.20±0.01
	0.02±0.00
	0.03±0.01
	0.24±0.02
	0.24±0.04

	       Cd 
	ND
	0.06 ±0.03
	0.36±0.04
	0.44±0.01
	0.63±0.20
	ND
	ND
	0.19±0.04
	0.83±0.00

	       Pb
	ND
	0.28±0.02
	0.82±0.02
	0.74±0.05
	0.86±0.15
	ND
	0.21±0.30
	0.51±0.10
	0.66±0.80


Mean ± SEM; n = 3; ND = not detected
 Heavy metal content of Earthworms incubated in different percentages of contaminated soil samples for 28 days         
The heavy metal analysis of the Earthworm introduced into the different percentages of contaminated soil samples and non-contaminated soil samples shows a significant (p < 0.05) increase in metal levels as the percentage of contamination increases in all the analyzed metals. Condensate contaminated site soil samples, earthworms had higher metal levels when compared to the transformers site soil samples, earthworms in table 3. Copper was not detected in all the soil samples. In a non-contaminated soil sample, earthworm, only Iron was detected. Zn was having the highest metal concentration in the earthworm samples, followed by Fe> As> Cd > Pb > Cr > Hg, with the lowest value. 
Table 4: Bioaccumulation factor of some heavy metals in earthworms exposed to 50% dilution contaminated soil samples
	Metals
	Condensate dump site soil
	
	
	Transformer site soil
	
	

	
	Conc. in Earthworm
	Conc. in Soil
	BAF
	Conc. in Earthworm 
	Conc. in Soil
	BAF

	Zn
	2.99
	0.46
	0.153
	2.41
	0.38
	0.158

	As
	2.44
	0.53
	0.217
	1.68
	0.88
	0.523

	Cd
	0.73
	0.44
	0.57
	0.35
	0.19
	0.54

	Pb
	2.11
	0.74
	0.35
	1.05
	0.51
	0.48

	Hg
	0.81
	0.120
	0.012
	0.62
	BDL
	-

	Fe
	1.17
	0.52
	0.44
	1.06
	0.83
	0.78

	Cr
	0.91
	0.40
	0.439
	0.72
	0.24
	0.33

	
	
	
	
	
	
	



Where 50% concentration in the soil = 
 Bioaccumulation factor for some heavy metals in earthworms exposed to 50% dilution of contaminated soil samples.
The bioaccumulation factor of heavy metals in earthworms exposed to 50% dilution of contaminated soils presented in Table 4, revealed that BAF for Zn, As, Cd, and Pb were all less than 1, for the condensate dump site soil, earthworm, and transformer instillation site.
Discussion
Soil chemistry, organic matter content, redox conditions, clay content, cation exchange capacity, heavy metal characteristics, pH, and other soil variables all affect the number of heavy metals that are released into the soil environment (Sauve et al., 2000). According to Tukura et al. (2007), the physicochemical characteristics of soil have a significant impact on the bioavailability and movement of pollutants in the soil.
From our present study the significant difference in most of the soil physicochemical properties in the condensate dump site soil and electrical transformer site soil when compared to non-contaminated soil sample as shown in Table 1 could be as a result of the contamination of the soil samples with condensate and transformer oil that loaded the soil with hydrocarbons and inorganic contaminants, which in turn lead to significant increase in organic carbon, moisture content and soil temperature. 
Additionally, Table 1's findings indicated that the soil was low in pH and had a sandy texture in comparison to the control. This indicates that the soil at the electric transformer location and the condensate disposal site are somewhat acidic. The pH of the soil significantly impacts the availability of elements in the soil for absorption by plants (Marschner, 1995). It was once believed that low pH had an impact on the rate at which bacteria degraded oil in oil-contaminated soil (Okoh, 2006). Because there are more metal cations present in the soil at extremely low pH, such as Cd, Cu, Hg, Ni, Pb, and Zn (Bada et al., 2014), acidic soil is a challenge for agricultural soil. But microbial breakdown is not favored by this kind of acidic soil.
Most of the physical and chemical fertility of a soil is due to organic matter. The low level of organic matter indicates that the contaminated soil has a very poor structural condition and very low structural stability (Atafar et al., 2010). When compared to the control soil sample, the amount of organic matter in the condensate and transformer oil contaminated is much lower.
When compared to the control, our research reveals reduced levels of potassium, phosphorus, nitrogen, and CEC. Nitrogen is a key element in the energy metabolism and protein synthesis that support plant growth, while phosphorus is a necessary component of many compounds involved in photosynthesis and respiration in plants (Nwakife et al., 2022). Additionally, a high concentration of nitrogen and phosphorus promotes microbial activity (Agamuthu and Dadrasnia, 2013). Through changes in the soil organism and microbial activities, soil contaminants can impact the soil's physical and chemical properties. The rise in these parameters in the uncontaminated soil sample might be a sign of the soil microbe's efficiency. Environmental variables, such as soil pH, nutrient availability, and the bioavailability of the pollutant, may clearly have an impact on bioremediation by limiting the growth of the microorganisms that break down the contaminant (Osuji et al., 2007). According to Fliepbach et al. (1994), excessive concentrations of heavy metals can significantly reduce soil microbial biomass, but low concentrations can encourage microbial growth and increase microbial biomass.
In crude oil-contaminated soil, Ayedum et al. (2024) found similar levels of organic matter and pH to our existing findings. In petroleum-contaminated soil, Riskuwa-Shehu et al. (2022) found a similar range of some of the soil physiochemical parameters (pH, N, k, and CEC). Additionally, Adamu et al. 2023 found a similar outcome to the current research.
Results obtained in Table 2 showed that Heavy metals analyzed were significantly (p < 0.005) higher in the condensate dump site soil compared to the electrical transformer site soil samples. The presence of these metals in the condensate dump site soil of the power station could be attributed to the source of the natural gas used in the power station, since it has been shown that natural gas contains some trace of heavy metals in them, depending on their sources. Also the lubricating oil used in the turbine unit and some other gases used in cooling the turbine may have contributed to the level of metals in the condensate that in turn spilled into the dump site soil. The presence of heavy metals in the electrical transformer site soil could be from the source of the oil that leaked into the soil. The presence of metals in the soil samples cannot simply be glossed over, since some of the metals concentrations has surpassed the limits allowable in soil by regulatory agencies including the Nigerian Federal Environmental Protection Agency (FEPA, 1991) and World Health Organization (WHO, 1984).
Heavy metal contamination of soil poses risks and hazards to humans and the ecosystem through indirect ingestion or contact with contaminated soil, moving up the food chain (soil–plant–human or soil–plant–animal–human), reducing food quality via phytotoxicity, and decreasing land usability for agricultural production, which ultimately causes food insecurity (Mishra et al., 2024; Zulfiqar et al., 2024). In topsoil surrounding oil and natural gas drilling locations, recent studies have discovered highly elevated concentrations of toxic trace metals (Hussain et al., 2026). Additionally, updated regional data from crude oil-impacted agricultural soils in the Niger Delta confirms elevated metal levels, though historical oil-spilled sites historically registered lower initial baseline concentrations of elements like As, Cr, Ni, Pb, Cu, Co, and Zn (Bankole et al., 2024; Udoetok et al., 2011). Nevertheless, across both industrial condensate dump site soils and electrical transformer site soils, the vast majority of heavy metals consistently stay within regulatory limits, with the exception of Cadmium (Cd), which frequently exceeds the standard DPR limits (Hussain et al., 2026; Mishra et al., 2024).
Through a very permeable skin and an alimentary system, earthworms are constantly in close proximity to soil particles and microbes in the soil (Jager et al., 2003; Drake and Horn, 2007). Earthworms can be exposed to pollutants in a variety of ways. First, direct interaction with the water in the soil pores, and hence with the contaminants that are dissolved in it. Earthworms' skin is highly permeable to water (Wallwork, 1983) and serves as a primary pathway for the absorption of pollutants (Roubalová, 2015). In addition, these creatures eat a lot of dirt, which means that their alimentary system is always exposed to pollutants that have been absorbed by solid particles (Morgan et al., 2004).
  Our findings, as shown in Table 2, indicate that the earthworm's buildup of metals was concentration-dependent. According to Ma et al., 1983, the physiochemical interactions and the overall concentration of metals in a particular soil partially determine the concentration of metals in earthworm tissue. In this current study, there was no buildup of Cu in the tissues of the worms. The ability of Cu to create robust complexes in soil could account for this ( Wuana and Okielme, 2011). Additionally, Joan and Bert published in 1992 that soil and soil components adsorb a large amount of Cu compared to other metals. As seen in Table 3 above, the quantity of metals in earthworms was much less than in the soil.
The reason for the lower concentration of metals in earthworms compared to the soil may be that the overall concentration of heavy metals in the soil is not a good indicator of risks in the field. Metals are only absorbed by organisms through eating tainted plants or animals, or through direct contact with metals dissolved in the pore water (Van Gestel et al., 1992). Because the main pathway for earthworms to absorb dissolved metals is through their skin from the water in the soil pores (Vijver et al., 2003). Toxic metals, even at low concentrations, can have a detrimental impact on the earthworm, which in turn affects the earthworm's role in the soil. Additionally, the bioaccumulation level of a particular metal is influenced by a number of toxicokinetic variables, such as ingestion, distribution, metabolism in the target organ, and potential detoxification pathways (Augustyniak and Migula 2000). Similar to our current study, the following researchers, Morgan and Morgan 1999, Dedeke et al. (2016), reported that earthworm tissue had a lower concentration of metals (Cu, Zn, Pb, Cd, Cr, Ni, and Mn) than soil that had been contaminated by an abattoir pollutant. Similar findings were made by Kennette (2002) and Olyinkel et al. (2011), who both observed lower concentrations of heavy metals in earthworm tissue when compared to the contaminated soil. According to Karczewska et al. (2023), the concentration of As in polluted soil was higher than that in earthworm tissue, which is consistent with our findings. Because these metals accumulate in the tissues of earthworms, they may be used as bioremediation agents and as organisms that monitor environmental pollution. In a study published in 2016, Dada et al. utilized a tropical wetland earthworm to remediate soil that had been contaminated ex situ with Zn, Pb, and Cd in various and combined concentrations over the course of 12 weeks. In addition, Chang-kima et al. (2016) utilized Lumbricus rubellus in Malaysia for 90 days to treat soil samples polluted with metals (Cu, Mn, Pb, Cr, Ni, Zn, and As). All of this resulted in a noticeable cleanup of metals in the contaminated soil.
Conclusion
Disposal of power plant waste, including condensate and oil, causes significant long-term heavy metal accumulation in soil and threatens soil fertility. Earthworms bioaccumulate these metals, risking ecological harm, while inadequate leachate systems present a high risk of groundwater contamination and surface erosion.
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