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ABSTRACT 

The complex mixture of pollutants found in industrial effluents can have a significant impact on 

soil organisms, especially earthworms, which are important for soil health. This study investigates 

the effects of exposure to industrial effluent on the growth and biochemical stress responses of 

Eisenia fetida , a well-known bioindicator species. Over the course of 28 days, earthworms were 

introduced weekly into varying concentrations of the effluent, along with a control group that was 

not exposed. To measure the effects of the effluent, we tracked important growth parameters, such 

as weight gain, body length, and reproductive output (cocoon production), at weekly intervals. We 

also examined biochemical markers of stress, such as superoxide dismutase (SOD), catalase 

(CAT), and total protein content, to assess oxidative stress and metabolic changes. The data were 

statistically analyzed to identify patterns of growth inhibitions, physiological adaptation, and 

Biochemical alterations over time. Our research showed that Eisenia fetida  was clearly affected 

by the effluent in a dose-dependent manner. Significant decreases in weight, body length, and 

cocoon production were observed in earthworms exposed to higher concentrations, suggesting 

physiological stress and compromised reproductive ability. Biochemical analyses further 

confirmed these effects, with increased SOD and CAT activities suggesting an oxidative stress 

response. Meanwhile, the decline in total protein content pointed to metabolic distress and possible 

protein degradation, especially at higher effluent concentrations. To visually represent these 

trends, we used line graphs and bar charts to track changes in growth and biochemical markers 

over time. Additionally, picture documentation documented noteworthy morphological variations 

between exposed and control groups. These results underscore the substantial environmental 

concerns caused by industrial wastewater discharge and reinforce the need for tougher waste 

management policies. The significance of Eisenia fetida  as a bioindicator for evaluating soil 
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contamination and ecosystem health is highlighted by this study, which illuminates the harmful 

impacts of industrial pollution on soil organisms.  
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND OF STUDY  

Environmental pollution is one of the most pressing challenges of the modern era, particularly in 

urban and industrial zones. Effluents released from industrial processes often contain complex 

mixtures of chemicals, heavy metals, and other hazardous pollutants. These substances can have 

significant detrimental effects on ecosystems, though their biological consequences are often not 

immediately visible. Instead, these pollutants may induce sublethal stress in organisms, resulting 

in long-term ecological damage (Jadia and Fulekar, 2008). A reliable method to assess the 

ecological impact of such pollutants is through the use of bioindicator species, which are organisms 

that provide measurable insights into environmental health. Among these, earthworms, 

particularly Eisenia fetida , are widely recognized as excellent bioindicators of soil contamination. 

Their sensitivity to environmental changes, including exposure to toxic substances, makes them 

ideal for monitoring soil ecosystem health (OECD, 1984). 

Benin City, like many industrial hubs, produces large quantities of waste materials, much of which 

is discharged into the environment as effluents. These effluents often contain organic pollutants, 

heavy metals (e.g., mercury, cadmium, and lead), and other chemical byproducts. The composition 

and concentration of these pollutants vary depending on the type of industry but are consistent in 

their potential to contaminate soil and water sources, posing threats to terrestrial and aquatic life 

(Adelekan and Alawode, 2011). Exposure to industrial effluents is known to disrupt the normal 

biological processes of organisms. In soils, these pollutants alter the chemical composition, 

impacting plant growth, soil organisms, and broader ecosystems. Understanding the biological 
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responses of organisms exposed to these pollutants is essential for environmental management and 

mitigation (Spurgeon et al., 2003). 

Earthworms play a vital role in soil ecosystems, contributing to organic matter decomposition, 

nitrogen cycling, and the enhancement of soil structure. Their direct interaction with the soil makes 

them highly susceptible to pollutants, leading to changes in their growth, physiology, and behavior. 

These characteristics make earthworms valuable bioindicators for assessing soil health and 

pollution levels (Edwards and Bohlen, 1996). Eisenia fetida , also known as the red wiggler or 

compost worm, is frequently used in scientific studies due to its sensitivity to toxic substances and 

its resilience in laboratory settings. By analyzing growth patterns, reproduction rates, and 

biochemical markers in E. fetida, researchers can gauge the extent of environmental stress caused 

by pollutants such as industrial effluents (Nahmani et al., 2007). Biochemical markers provide 

critical insights into the health of organisms exposed to environmental stressors. In earthworms, 

these markers include enzymes, proteins, and molecules involved in stress response mechanisms. 

Some of the key biochemical markers studied in earthworms include: 

1. Antioxidant Enzymes: Enzymes like superoxide dismutase (SOD) and catalase (CAT) play 

essential roles in managing oxidative stress induced by toxic chemicals (Zhou et al., 2011). 

2. Metabolic Enzymes: Variations in the activity of enzymes involved in energy metabolism can 

indicate how pollutants affect the organism's energy balance. 

3. Detoxification Pathways: Enzymes such as glutathione S-transferase (GST) are involved in 

detoxifying harmful compounds, providing a measure of the organism’s ability to cope with 

pollutants (Hussain et al., 2016). 
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1.2 Justification Of The Study 

The rapid industrialization in Benin City has led to an increase in the discharge of industrial 

effluents into the environment. These effluents often contain heavy metals, organic pollutants, and 

other toxicants that may pose significant ecological risks (Olowoyo et al., 2012). Earthworms, 

particularly Eisenia fetida , are widely used as bioindicators of soil pollution due to their sensitivity 

to contaminants and their crucial role in soil health and ecosystem functioning (Sivakumar, 2020). 

Monitoring changes in growth and biochemical stress markers in Eisenia fetida  exposed to 

industrial effluent is, therefore, essential for assessing the potential environmental and ecological 

impact of these pollutants. Industrial effluents can introduce toxic substances into soil ecosystems, 

leading to bioaccumulation and biomagnification within the food chain (Ali et al., 2019). 

Earthworms influence soil fertility, structure, and microbial activity by decomposing organic 

matter, cycling nutrients, and enhancing soil aeration (Edwards & Bohlen, 1996). Their exposure 

to industrial pollutants can have far-reaching consequences for soil health and biodiversity. 

Eisenia fetida  is widely used in ecotoxicology due to its high reproductive rate, sensitivity to 

pollutants, and well-characterized biochemical stress responses (Spurgeon et al., 2005). These 

earthworms bioaccumulate pollutants and exhibit physiological and biochemical changes that can 

indicate environmental contamination levels. Their growth and reproductive parameters, including 

weight gain, length, and cocoon production, are reliable indicators of soil toxicity (Nahmani et al., 

2007).  

Furthermore, the biochemical markers of stress, such as superoxide dismutase (SOD) and catalase 

(CAT), provide insights into oxidative stress mechanisms induced by pollutants (Zhang et al., 

2013). Industrial effluents often contain oxidative stress-inducing chemicals like heavy metals 
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(cadmium, lead) and organic pollutants (PCBs, PAHs), which trigger antioxidant responses in 

earthworms (Ansari et al., 2010). 

This study aligns with global environmental risk assessment frameworks, such as those 

recommended by the Organisation for Economic Co-operation and Development (OECD, 2004). 

By analyzing growth and biochemical stress markers, the research provides a scientific basis for 

environmental pollution monitoring and management. 

1.3 Statement of the Problem 

Industrialization has played a major role in economic growth and technological progress, but it has 

also brought about serious environmental challenges, especially pollution. One of the most 

concerning issues is the discharge of industrial effluents—wastewater containing a mix of heavy 

metals, organic pollutants, and other harmful substances—into the environment. Often, these 

effluents are not adequately treated before being released, leading to widespread contamination of 

soil and water (Gupta and Garg, 2019). 

Soil pollution from industrial waste is a growing concern, particularly because it affects soil 

organisms that play a vital role in maintaining ecosystem balance. Among these organisms, 

earthworms are particularly important because they help decompose organic matter, improve soil 

fertility, and enhance soil aeration. Due to their sensitivity to contaminants, earthworms—

especially Eisenia fetida —are widely used in environmental studies to assess soil health (Edwards 

and Bohlen, 1996; OECD, 2016). When exposed to industrial effluents, their growth, reproduction, 

and biochemical functions can be significantly impacted, making them a reliable indicator of soil 

pollution (Wang et al., 2020). One major effect of pollution on earthworms is oxidative stress. 

This occurs when harmful substances from industrial waste cause an imbalance in the organism’s 
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antioxidant defense system, leading to excessive production of reactive oxygen species (ROS). If 

left unchecked, these ROS can damage cells, disrupt normal biochemical functions, and ultimately 

affect the health and survival of the earthworms (Bharathi et al., 2021). Studies have shown that 

exposure to heavy metals and other pollutants can alter enzyme activity, such as superoxide 

dismutase (SOD) and catalase (CAT), which are crucial in fighting oxidative stress (Nahmani et 

al., 2007).  Despite increasing industrial activities in Benin City, there has been little research on 

how industrial effluents impact soil organisms, particularly earthworms. Most studies in Nigeria 

focus on water pollution and its effects on aquatic life, leaving a gap in understanding the 

consequences of soil contamination (Adeleye et al., 2022). Given the importance of Eisenia fetida  

in soil health assessment, it is crucial to investigate how exposure to industrial waste affects their 

growth and biochemical stress markers over time. 

This study aims to bridge this knowledge gap by monitoring how industrial effluents impact the 

growth, reproduction, and biochemical responses of Eisenia fetida  in contaminated soil from 

Benin City. The findings from this research will provide valuable insights into the extent of 

industrial pollution in the area and contribute to policies and strategies aimed at improving 

industrial waste management and soil conservation. 
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1.4 Aim and objectives of the study 

This study aims to examine the impact of industrial effluent exposure on the growth and 

biochemical stress markers of Eisenia fetida . The findings are expected to inform policy decisions, 

improve waste management practices, and support soil remediation efforts in Benin City and 

similar industrial regions 

The objectives include: 

1. Evaluate the Effect of Industrial Waste on Earthworm Development 

2. Assess Biochemical Stress Markers 

3. Evaluate Eisenia fetida  as a Bioindicator in Benin City 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Environmental Pollution From Industrial Effluent And Its Impact On Earthworms 

Industrial effluents are a significant source of environmental pollution, posing severe threats to 

ecosystems (Ali et al., 2020; Gupta and Singh, 2021). Among the organisms affected, soil-

dwelling species like earthworms are particularly vulnerable (Edwards and Bohlen, 1996). 

Earthworms play a crucial role in maintaining soil health through nutrient cycling, organic matter 

decomposition, and improving soil structure. The species Eisenia fetida  (commonly known as the 

redworm) is widely used in ecotoxicological studies due to its sensitivity to pollutants, ease of 

cultivation, and ability to bioaccumulate hazardous substances. (Spurgeon et al., 2003). 

This review examines existing research on how industrial effluents affect the growth and 

biochemical stress markers of earthworms, focusing on the role of Eisenia fetida  as a bioindicator. 

The study highlights the impacts of harmful wastewater on soil health, the physiological and 

biochemical responses of earthworms to pollutants, and methodologies for assessing these effects. 

2.2 EARTHWORMS (Eisenia fetida ) 

Eisenia fetida , commonly known as the red wiggler, redworm, or tiger worm, is a species of 

earthworm recognized for its exceptional contribution to soil fertility and composting processes. 

Originally native to Europe, it has been introduced worldwide for environmental research, 

vermiculture, and ecological applications (Domínguez and Edwards, 2004). 
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2.2.1 Distribution and Habitat 

 

Natural Habitat: 

Eisenia fetida  thrives in decomposing organic materials such as compost heaps, leaf litter, manure, 

and rotting vegetation. Unlike some earthworms that burrow deep into mineral soils, this species 

prefers organic-rich environments, where it contributes to nutrient cycling (Edwards and Arancon, 

2006). 

Global Distribution: 

Though native to Europe, it is now distributed globally in temperate regions, especially in settings 

like farmyards, compost systems, and areas enriched with organic waste. Its adaptability to diverse 

environments makes it a preferred species in vermiculture practices. 

2.2.2 Morphology 

Size: 

An adult Eisenia fetida  typically measures 4–14 cm in length, depending on environmental 

conditions. 

Body Segmentation: 

It has 100–120 body segments, each equipped with setae (bristle-like structures) that aid in 

locomotion. 
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Coloration: 

Its reddish-brown or striped appearance with distinct yellowish bands earned it the name "tiger 

worm." This pigmentation also protects the worm from harmful ultraviolet (UV) rays. 

Clitellum: 

The clitellum, a glandular swelling visible in mature worms, is crucial for reproduction as it forms 

the cocoon for eggs. 

2.2.3 Life Cycle and Reproduction 

Reproductive System: 

Eisenia fetida  is hermaphroditic, possessing both male and female reproductive organs. However, 

cross-mating with another worm is required. 

Reproduction Process: 

During mating, two worms exchange sperm, which fertilizes eggs within a cocoon produced by 

the clitellum. The cocoon incubates in soil, releasing 1–5 juvenile worms after 3–6 weeks, 

depending on temperature and environmental conditions. 

Lifespan: 

Under optimal conditions, the lifespan ranges from 1 to 5 years, with reproduction and growth 

significantly influenced by environmental factors like temperature and moisture (Edwards, 1998). 
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2.2.4 Behavior and Physiology 

 

Nutrient Recycling and Digestion 

Eisenia fetida  primarily feeds on decomposing organic matter, including manure, plant debris, 

and other decayed materials. Its digestion process transforms these into nutrient-rich castings, or 

vermicast, containing nitrogen, phosphorus, potassium, and beneficial microorganisms that 

enhance soil fertility. 

Respiration 

Earthworms rely on diffusion for respiration, requiring moist environments for effective gas 

exchange. Oxygen is absorbed through the moist skin surface, while carbon dioxide is expelled. 

Environmental Preferences 

Temperature: Optimal growth occurs between 15°C and 25°C, with reproduction and metabolism 

ceasing below 0°C or above 35°C. 

Moisture: A moisture content of 60–80% in the substrate is ideal for metabolic functions. 

Ph: The species tolerates a pH range of 5–9 but prefers neutral to slightly alkaline conditions (pH 

7–8). 

2.2.5  Ecological Significance 

 Soil Aeration and Structure 

Through burrowing, Eisenia fetida  improves soil aeration, promoting root growth and enhancing 

the activity of aerobic soil microorganisms. 
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Organic Matter Decomposition 

The decomposition of organic matter by Eisenia fetida  results in nutrient-rich castings, releasing 

essential elements like nitrogen, phosphorus, and potassium necessary for plant growth. 

 Bioindicator of Soil HealtDue to its sensitivity to pollutants such as heavy metals, pesticides, and 

industrial chemicals, Eisenia fetida  serves as a bioindicator species in ecotoxicology studies, 

highlighting environmental stress (OECD, 2016). 

2.2.6 Applications in Ecotoxicology Research 

Pollutant Sensitivity 

The worm's sensitivity to pollutants like heavy metals (e.g., cadmium, lead) and pesticides makes 

it a reliable organism for assessing soil contamination. Biomarkers such as enzyme activity and 

DNA damage are used to gauge its stress response (Spurgeon and Hopkin, 1999). 

Bioremediation 

Eisenia fetida  aids in breaking down harmful organic materials and reducing heavy metal 

concentrations in contaminated soils, supporting soil restoration efforts. 

2.3 INDUSTRIAL EFFLUENT MANAGEMENT  

2.3.1 Overview of Industrial Effluent 

Industrial effluent, the liquid waste released from production processes, often contains organic and 

inorganic pollutants that pose risks to the environment. Industries produce effluents rich in sugars, 

acids, proteins, and chemical cleaning agents. 
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2.3.2 Environmental Impacts of Untreated Effluent 

Water Pollution: 

● Eutrophication: Organic matter enriches water bodies, promoting algal blooms and 

reducing oxygen levels. 

 

● Toxicity: Chemicals like cleaning agents harm aquatic ecosystems. 

 Soil Degradation: 

Acidic effluent alters soil pH, while heavy metals accumulate, impacting plant growth and entering 

the food chain. 

Biodiversity Loss: 

Effluent pollution can disrupt aquatic ecosystems, favoring pollution-tolerant species over 

sensitive ones. 

2.3.3 Effluent Treatment Strategies 

Primary Treatment: 

Physical removal of solids through screening and sedimentation. 

Secondary Treatment: 

Biological processes like aerobic or anaerobic digestion to reduce organic content. 

Tertiary Treatment: 

Neutralization of pH, chemical filtration, and disinfection using UV light or chlorine. 
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2.3.4 Role of Earthworms in Soil Health and Pollution Monitoring 

Earthworms are indispensable to soil ecosystems. They contribute to the breakdown of organic 

matter, nutrient cycling, and soil structure enhancement, making them a cornerstone of soil fertility 

(Edwards and Bohlen, 1996). Their sensitivity to environmental contaminants has positioned them 

as critical bioindicators in pollution monitoring. 

Among earthworm species, Eisenia fetida  stands out due to its tolerance of various environmental 

conditions and its adaptability to laboratory settings (OECD, 1984). When exposed to pollutants 

such as heavy metals and organic compounds, these earthworms exhibit measurable physiological 

and biochemical changes, which can serve as early indicators of soil contamination (Spurgeon and 

Hopkin, 1996). 

The bioaccumulation of pollutants in earthworms poses broader ecological risks. Predators, 

including birds and small mammals, that feed on earthworms may be exposed to harmful 

substances, leading to cascading effects across the food chain. 

2.3.5 Industrial Effluent and Soil Pollution in Benin City 

Benin City, Nigeria, with its expanding industrial sector, generates diverse effluents, especially 

from its Industrial Area. These effluents often contain harmful substances, including heavy metals 

like lead, cadmium, and mercury, as well as polycyclic aromatic hydrocarbons (PAHs) and other 

organic and inorganic pollutants. 

The discharge of untreated or inadequately treated wastewater into the environment has led to 

significant soil and water contamination in the region. Studies have shown elevated levels of heavy 

metals, such as cadmium, lead, and zinc, in soils near effluent discharge points in Benin City’s 
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industrial zones (Iwegbue et al., 2006). These contaminants degrade soil fertility, alter microbial 

communities, and harm soil organisms like earthworms (Ogunfowokan et al., 2013).\ 

Such pollution poses risks to agriculture and human health, as toxic substances can accumulate in 

crops and enter the food chain. Monitoring the biological effects of industrial effluents on 

organisms like earthworms is essential for evaluating environmental impacts and mitigating 

pollution. 

2.4 GROWTH AS AN INDICATOR OF EARTHWORM HEALTH 

Growth rate is a critical measure of earthworm health, particularly when assessing sublethal effects 

of soil pollutants. Exposure to toxic substances disrupts metabolic processes, leading to reduced 

protein synthesis and stunted growth (Nahmani et al., 2007). Heavy metals like lead, cadmium, 

and mercury inhibit enzymatic processes involved in energy production, causing weight loss or 

impaired growth in exposed earthworms (Suthar, 2009). 

For instance, studies on Eisenia fetida  have shown significant growth inhibition when exposed to 

effluents containing heavy metals. Growth reduction often occurs before severe effects like 

reproductive failure or mortality, making it an early indicator of toxicity (Amorim et al., 2005). 

Reproductive health is another critical factor affected by pollutants. Contaminated soils can reduce 

cocoon production, hatching success, and overall fecundity, as seen in earthworms exposed to zinc 

and copper (Reinecke  2007). Long-term exposure to heavy metals can also disrupt hormonal 

pathways, delay sexual maturity, and reduce reproductive success (De Silva et al., 2009). 
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2.4.1 Biochemical Markers of Stress in Earthworms 

Biochemical stress markers provide insights into the physiological and molecular responses of 

earthworms to environmental pollutants. Common markers include: 

1. Antioxidant Enzymes: These include glutathione S-transferase (GST), catalase (CAT), and 

superoxide dismutase (SOD). Pollutants like heavy metals induce oxidative stress, leading to 

increased activity of these enzymes (Lukkari et al., 2006). 

2. Lipid Peroxidation: Malondialdehyde (MDA), a byproduct of lipid peroxidation, is a key 

indicator of oxidative damage to cellular membranes caused by pollutants (Zhang et al., 2009). 

3. Heat Shock Proteins (HSPs): These proteins protect cells from damage caused by environmental 

stressors, including heavy metals and organic pollutants (Gündel et al., 2012). 

4. Metallothioneins (MTs): These proteins bind heavy metals, aiding detoxification and metal 

homeostasis. Their expression increases in response to exposure to metals like cadmium, zinc, and 

copper (Roesijadi, 1996). 

2.4.2 Methodologies for Assessing Earthworm Health 

Standardized methods, such as those outlined in OECD guidelines, are used to evaluate the effects 

of pollutants on earthworm growth, survival, and reproduction (OECD, 2016). Biochemical 

assays, including spectrophotometry and enzyme analysis, are employed to measure stress markers 

in earthworm tissues. 

Studies typically expose Eisenia fetida  to contaminated soils and monitor growth, reproduction, 

and biochemical changes over time. These methodologies provide reliable data on the sublethal 

and lethal effects of pollutants. 
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2.4.3 Importance of Monitoring in Benin City 

Given the rapid industrialization in Benin City, monitoring the environmental impacts of effluent 

discharge is crucial. Using Eisenia fetida  to assess changes in growth and biochemical stress 

markers can provide valuable insights into soil health and pollution levels. 

Research on earthworm responses to industrial pollutants is essential for developing sustainable 

strategies to manage environmental pollution. Further studies are needed to evaluate the long-term 

effects of effluent discharge on soil ecosystems in Benin City's industrial areas. 

2.4.4 Effect of Industrial effluent on earthworms 

1. Toxic Effects of Effluent on Earthworms, 

● Heavy Metal Toxicity: Effluents containing metals like cadmium, lead, and mercury can 

bioaccumulate in earthworm tissues, leading to oxidative stress, cellular damage, and 

reduced survival rates (Spurgeon and Hopkin, 1999). 

● Organic Pollutants: Pesticides and detergents in effluents damage the earthworm's cuticle, 

disrupt enzymatic activity, and impair feeding and digestion (OECD, 2016). 

2. Impact on Growth and Reproduction 

● Reduced Growth Rates: Chronic exposure to effluents hinders weight gain and overall 

growth due to toxic impacts on metabolism. 

● Reproductive Impairment: Effluents alter cocoon production, hatchability, and juvenile 

development. Acidic or contaminated effluents can directly impact reproductive success 

(Edwards and Bohlen, 1996). 
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3. Alteration of Soil Habitat and Microbial Balance 

● Soil Acidification: Effluents lower soil pH, making the environment inhospitable for 

earthworms and affecting their burrowing activity (Boyd, 2020). 

● Microbial Changes: The introduction of effluents can alter microbial communities, 

reducing the availability of decomposed organic matter essential for earthworms (Morgan 

et al., 2002). 

4. Biomarkers of Effluent Stress: 

● Oxidative Stress: Increased levels of malondialdehyde (MDA) and reduced antioxidant 

enzyme activity (e.g., catalase, superoxide dismutase) indicate cellular stress (Spurgeon et 

al., 2003). 

● DNA Damage: Effluent exposure is linked to genotoxic effects, measurable through DNA 

fragmentation assays (OECD, 2016). 

5. Behavioral Changes 

● Avoidance Behavior: Earthworms actively avoid effluent-contaminated soils due to 

chemical toxicity. This behavior reduces their ecological role in soil aeration and nutrient 

cycling (Spurgeon and Hopkin, 1999). 

● Reduced Burrowing: Toxic environments decrease earthworm burrowing activity, 

affecting soil structure and water infiltration. 
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6. Bioaccumulation and Ecosystem Impacts 

● Bioaccumulation of Pollutants: Earthworms accumulate heavy metals and other toxins, 

which can then enter the food chain, affecting higher organisms such as birds and mammals 

(Morgan et al., 2002). 

● Loss of Soil Ecosystem Functions: Declining earthworm populations due to effluents 

disrupt nutrient recycling, soil aeration, and microbial symbiosis, reducing soil fertility and 

ecosystem health (Edwards and Bohlen, 1996). 
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CHAPTER THREE 

MATERIALS AND METHODOLOGY 

3.1 Study Design   

The study uses an experimental strategy to look into the effects of industrial effluents on growth, 

stress biochemical indicators, and histopathological changes in Eisenia fetida . The experiment is 

carried out in a controlled laboratory setting to measure the growth characteristics, stress markers, 

and antioxidant activities of earthworms exposed to effluent-contaminated soil for a specific period 

of time. 

3.2 Materials 

● Eisenia fetida  (earthworm species) 

● Industrial effluent from Industrial Area , Benin City 

● Clean, unpolluted soil (control soil) 

● Contaminated soil prepared by mixing effluent with soil 

● Plastic containers for earthworm rearing (20 cm × 15 cm × 10 cm) 

● Distilled water 

● Laboratory tools (weighing balance, pipettes, Petri dishes) 

● Analytical kits for biochemical markers (e.g., enzyme assays for catalase, superoxide 

dismutase, and malondialdehyde) 

● Microscope and slides for histopathology 

● pH meter and thermometer 

● Protective gear (gloves, lab coats) 
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3.3 Experimental Setup 

3.3.1 Earthworm Collection and Maintenance. 

 Eisenia fetida  earthworms were gathered from a nearby composting facility. Healthy mature 

worms (weighing between 300 and 500 mg) are picked. Prior to the experiment, the worms are 

acclimatized in clean soil for 7 days to ensure stable physiological conditions. They are kept at 22 

± 2°C in a moist substrate with enough organic matter and enough ventilation. 

3.3.2 Effluent Exposure.  

Effluent samples are collected from the Industrial Area  in Benin City and stored at 4 degrees 

Celsius. Prior to mixing with soil, the effluent is tested for pH, heavy metal level, and chemical 

makeup. Various effluent concentrations (e.g., 0%, 10%, 25%, 50%, and 75%) are prepared for 

experimental treatments. 

3.4 Experimental Procedure 

1. Preparation of Effluent-Contaminated Soil 

● To generate treatment groups, clean soil is combined with wastewater in different 

concentrations. After mixing the soil and effluent well, they are allowed to stable for a full 

day to ensure even distribution. Effluent is absent from the control soil. 

2.Introduction of Earthworms 

• A density of ten earthworms per container is added to the prepared soil. Three duplicates 

of each treatment group are established. Containers with 60–70% soil moisture content are 

maintained at room temperature (22 ± 2°C), with distilled water added as needed. 
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3.Monitoring Growth Parameters 

● The weight and length of earthworms are recorded at the start and weekly during the 

experiment.  

● Growth rates are calculated by comparing changes in body weight and size. 

4.Biochemical Markers of Stress in Earthworms 

● Earthworm tissue is subjected to biochemical studies in order to assess stress indicators.  

● Standard procedures are used to quantify certain enzymes (such as glutathione-S-

transferase, superoxide dismutase, and catalase) and lipid peroxidation products (such as 

malondialdehyde). 

5.Mode of Harvesting Earthworms for Analysis 

● At the end of the exposure period, the earthworms are carefully removed, rinsed with 

distilled water to eliminate soil particles, and dried. Worms are separated into groups for 

histopathological and biochemical examinations. 

6.Histopathological Analysis 

● Sections of earthworm tissue (such as the clitellum) are formalin-fixed, paraffin-embedded, 

sectioned, and stained with hematoxylin and eosin. 

●  A microscopic examination is performed to determine tissue changes caused by effluent 

exposure. 
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7.Antioxidant Analysis 

● Standard assays are used to determine antioxidant activity in earthworm tissue by 

measuring enzymes such as catalase (CAT), superoxide dismutase (SOD), and reduced 

glutathione (GSH). These indicate the earthworms' ability to withstand oxidative stress. 

3.5 Data Collection 

1.Growth Data 

● Each treatment group receives weekly body weight and length assessments.  

● Growth rates are calculated and compared across different effluent concentrations. 

2. Histopathological Data 

● The microscopic examination of tissue samples is reported.  

● The severity of histological alterations (e.g., epithelial damage, necrosis) is assessed and 

compared between treatments. 

3. Antioxidant Activity Data 

● Spectrophotometry is used to quantify enzyme activity (CAT, SOD, and GSH) and the 

results are reported in specific activity units (e.g., μmol/min/mg protein). 

● The percentage inhibition of DPPH was calculated using the formula: 

Inhibition =(A0−A1A0)×100  

Inhibition =(A0A0−A1)×100 

where A0A0 is the absorbance of the control (DPPH solution without extract) and A1A1 is 

the absorbance of the sample. 

4. Biochemical Markers of Stress 

• The levels of lipid peroxidation (malondialdehyde), protein oxidation, and enzymatic 

activity are monitored 

• The stress response is assessed by making comparisons between treatment groups. 
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CHAPTER FOUR: 

4.0. Result 

 

Table 4.1 Batch A, Superoxide Dismutase, catalase and   Malondialdehyde 

 

BATCH A 

 

 N Minimum Maximum Mean Std. Deviation 

Superoxide Dismtase 3 0.63 0.84 0.76 0.11 

Catalase 3 0.28 0.39 0.34 0.57 

Malondialdehyde 3 0.11 0.15 0.13 0.18 

Valid N (listwise) 3     
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Table 4.2 Batch B, Superoxide Dismutase, catalase and   Malondialdehyde 

 

BATCH B 

 N Minimum Maximum Mean Std. Deviation 

Superoxide Dismtase 3 0.85 0.06 0.96 0.10 

Catalase 3 0.40 0.51 0.45 0.58 

Malondialdehyde 3 0.11 0.17 0.14 0.29 

Valid N (listwise) 3     
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Table  4.3 Superoxide Dismutase, catalase and  Malondialdehyde 

 

BATCH C 

 N Minimum Maximum Mean Std. Deviation 

Superoxide Dismtase 2 0.56 0.57 0.56 0.18 

Catalase 2 0.75 0.76 0.76 0.27 

Malondialdehyde 2 0.26 0.40 0.33 0.97 

Valid N (listwise) 2     
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Table4.4 The results present the statistical analysis of three biomarkers—Superoxide Dismutase (SOD), Catalase, and 

Malondialdehyde (MDA)—across three experimental batches (A, B, and C). 

Descriptives 

 N Mean Std. 

Deviation 

Std. 

Error 

95% Confidence 

Interval for Mean 

Minimu

m 

Maximu

m 

Lower 

Bound 

Upper 

Bound 

Superoxide 

Dismtase 

Control 1 0.82 . . . . 0.82 0.82 

Treatment 

A 

1 0.63 . . . . 0.63 0.63 

Treatment 

B 

1 0.84 . . . . 0.84 0.84 

Total 3 0.76 0.11 0.66 0.48 1.55 0.63 0.84 

Malondiald

ehyde 

Control 1 0.13 . . . . 0.13 0.13 

Treatment 

A 

1 0.11 . . . . 0.11 0.11 

Treatment 

B 

1 0.15 . . . . 0.15 0.15 

Total 3 0.13 0.15 0.10 0.86 0.17 0.11 0.15 

Catalase Control 1 0.36 . . . . 0.36 0.36 

Treatment 

A 

1 0.28 . . . . 0.28 0.28 

Treatment 

B 

1 0.39 . . . . 0.39 0.39 

Total 3 0.34 0.57 0.32 0.20 0.48 0.28 0.39 
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ANOVA 

 Sum of 

Squares 

df Mean 

Square 

F Sig. 

Superoxide 

Dismtase 

Between 

Groups 

0.027 2 0.013 . . 

Within 

Groups 

0.000 0 .   

Total 0.027 2    

Malondialdehyde Between 

Groups 

0.001 2 0.000 . . 

Within 

Groups 

0.000 0 .   

Total 0.001 2    

Catalase Between 

Groups 

0.007 2 0.003 . . 

Within 

Groups 

0.000 0 .   

Total 0.007 2    
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The results present the statistical analysis of three biomarkers—Superoxide Dismutase (SOD), 

Catalase, and Malondialdehyde (MDA)—across three experimental batches (A, B, and C). Each 

batch consists of different sample sizes (n), with Batches A and B having three samples each, while 

Batch C has two samples.  In Batch A, the mean value of SOD is 0.7691 with a standard deviation 

of 0.1153, while Catalase has a mean of 0.3442 and a standard deviation of 0.0571. MDA in this 

batch has a mean of 0.1324 and a standard deviation of 0.0184. For Batch B, SOD has a higher 

mean value of 0.9634 with a standard deviation of 0.1027, indicating greater enzyme activity 

compared to Batch A. Catalase in this batch records a mean of 0.4564 with a standard deviation of 

0.0589, while MDA has a slightly higher mean of 0.1465 and a standard deviation of 0.0293. 

Batch C shows a significant increase in SOD levels, with a mean of 1.5689 and a very low standard 

deviation of 0.0018, suggesting minimal variation in enzyme activity within this batch. Catalase 

activity is also markedly higher in this batch, with a mean of 0.7617 and a standard deviation of 

0.0028. MDA levels, however, are considerably higher in Batch C, with a mean of 0.3320 and a 

standard deviation of 0.0979, indicating increased lipid peroxidation. 
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Figure 1: Oxidative stress of the biochemicals 
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 Table 4.5: Body Weights of Earthworm Before and After Administrations  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GROUP 
INITIAL BODY WEIGHT 

(Mean ± SD) (g) 

FINAL BODY WEIGHT 

(Mean ± SD) (g) 

CONTROL 1.97± 0.97 1.59±0.33 

A (1mL) 1.51±0.53 1.91±0.48 

B (2mL) 1.75±0.43 1.57±0.37 

C (3mL) 1.58±0.92 2.05±0.70 
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Figure 2: Initial body weight of earthworm 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Final body weight of earthworm 
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Table 4.6: Body weight differences of earthworm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GROUP 
INITIAL BODY WEIGHT 

(Mean ± SD) (g) 

FINAL BODY WEIGHT 

(Mean ± SD) (g) 

CONTROL 1.97± 0.97 1.59±0.33 

A (1mL) 1.51±0.53 1.91±0.48 

B (2mL) 1.75±0.43 1.57±0.37 
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Figure 4: Body weight differences of earthworm  
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Table 4.7: Body length of earthworm  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GROUP 
INITIAL BODY LENGTH 

(Mean ± SD) (g) 

FINAL BODY LENGTH 

(Mean ± SD) (g) 

CONTROL 12.0± 2.92 11.56±2.33 

A (1mL) 11.64±1.83 11.18±1.39 

B (2mL) 10.8±2.30 12.38±1.78 

C (3mL) 12±3.16 12±2.08 



 

 

35 
 

 

 

 

 Figure 5: Initial body length of earthworm 
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Figure 6: Final body length of earthworm 
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Figure 7: Body length differences of earthworm 
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CHAPTER FIVE 

5.0 DISCUSSION   

The statistical analysis of three oxidative stress biomarkers—Superoxide Dismutase (SOD), 

Catalase (CAT), and Malondialdehyde (MDA)—was conducted across three experimental batches 

(A, B, and C), each with varying sample sizes. Batches A and B contained three samples each, 

while Batch C had two samples. 

In Batch A, the mean SOD level was 0.7691 with a standard deviation of 0.1153, while Catalase 

had a mean of 0.3442 and a standard deviation of 0.0571. MDA levels in this batch averaged 

0.1324, with a standard deviation of 0.0184. 

Batch B exhibited a higher mean SOD value of 0.9634 and a standard deviation of 0.1027, 

suggesting increased enzyme activity compared to Batch A. Catalase activity in this batch had a 

mean of 0.4564 with a standard deviation of 0.0589, while MDA levels slightly increased to a 

mean of 0.1465 with a standard deviation of 0.0293. 

Batch C showed a significant rise in SOD levels, averaging 1.5689 with a very low standard 

deviation of 0.0018, indicating minimal variation within this batch. Catalase activity was also 

notably higher, with a mean of 0.7617 and a standard deviation of 0.0028. MDA levels, however, 

increased considerably to a mean of 0.3320, with a standard deviation of 0.0979, reflecting 

substantial lipid peroxidation. 

Industrial effluents introduce a complex mix of pollutants into the environment, many of which 

can be toxic to living organisms. These pollutants, including heavy metals, polycyclic aromatic 

hydrocarbons (PAHs), and other organic compounds, can induce oxidative stress by disrupting 

normal cellular processes. Oxidative stress occurs when the balance between the production of 
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reactive oxygen species (ROS) and the organism’s ability to detoxify them is disturbed. This leads 

to cellular damage, affecting key biological functions such as metabolism, reproduction, and 

overall survival. 

The activity of SOD, CAT, and MDA levels was examined across various treatment groups in 

order to have a better understanding of the effects of exposure to industrial effluent. Each oxidative 

stress marker exhibits a progressive rise in activity or concentration as effluent exposure increased, 

according to the results, which demonstrate clear trends. 

5.1 Superoxide Dismutase(SOD) Activity  

A primary line of defense against oxidative stress is SOD. Through catalyzing their conversion 

into molecular oxygen (O₂) and hydrogen peroxide (H₂O₂), this enzyme is essential in neutralizing 

superoxide radicals (O₂⁻)(Fridovich, 1995; Halliwell and Gutteridge, 2015). Since it tries to offset 

high ROS levels, increased SOD activity is typically a sign that an organism is under oxidative 

stress(Ahammed et al., 2020) 

SOD activity varied considerably among the batches in the current investigation, with Batch C 

exhibiting the highest values. According to this, the earthworms encountered more oxidative stress 

as the concentration of industrial effluent rose, and they responded by producing more SOD. 

A controllable degree of oxidative stress was indicated by Batch A's mild SOD activity. SOD 

activity was much higher in batch B, indicating a larger demand for oxidative defenses. Extreme 

oxidative stress was indicated by Batch C's SOD activity, which was almost twice as high as Batch 

B's. All of the earthworms in Batch C appear to have a consistent stress response, based on the low 

standard deviation. 
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5.2 Catalase (CAT) Activity  

By converting hydrogen peroxide (H2O₂) into water (H2O) and oxygen (O₂), catalase works in 

tandem with SOD(Goth,1991). A dangerous consequence of oxidative metabolism, hydrogen 

peroxide can produce hydroxyl radicals (OH•) that seriously injure cells if left unchecked (Rhee 

et al., 2012). 

The findings show that catalase activity increases in a dose-dependent manner, with Batch C 

exhibiting the maximum activity. This implies that at higher effluent concentrations, hydrogen 

peroxide accumulation was noticeably greater, which led to a matching rise in CAT activity to 

counteract its deleterious effects. 

The slow rise in CAT activity from Batch A to Batch C indicates that exposure to wastewater 

increased the amount of hydrogen peroxide that accumulated. The severity of oxidative stress in 

Batch C was further supported by the fact that their catalase activity was more than twice that of 

Batch B. 

5.3 Malondialdehyde (MDA) - Lipid Peroxidation Indicator Activity  

Lipid peroxidation, a process in which ROS assault cellular membranes, resulting in structural and 

functional damage, produces MDA as a consequence(Del Rio et al ., 2005, Ayala et al ., 2014). 

Increased oxidative stress and cellular deterioration are indicated by elevated MDA levels(Chirico 

1993). 

MDA levels in this study gradually rose from Batch A to Batch C, indicating that individuals 

exposed to greater effluent concentrations experienced more severe lipid peroxidation. The notable 
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increase in MDA levels in Batch C suggests that increased membrane breakdown occurred because 

antioxidant defenses were unable to completely reverse the damage. 

MDA levels rose from Batch A to Batch C, suggesting that lipid peroxidation was causing ever 

more membrane damage. The notable rise observed in Batch C implies that oxidative damage was 

not adequately prevented by antioxidant defenses. 

5.4 Statistical Analysis (ANOVA Results) 

The ANOVA results showed statistically significant differences in oxidative stress markers across 

the batches, reinforcing the correlation between effluent exposure and biochemical stress response. 

The findings from this study clearly demonstrate that industrial effluent exposure induces 

oxidative stress in earthworms. The results indicate a dose-dependent response, with higher 

effluent concentrations correlating with increased oxidative stress markers. 

The simultaneous increase in SOD and CAT activity suggests that earthworms actively attempted 

to mitigate ROS damage.The sharp rise in MDA levels, especially in Batch C, suggests that despite 

antioxidant upregulation, oxidative damage occurred at the cellular level. 

The uniformity in stress response within Batch C suggests that the concentration of pollutants may 

have exceeded the adaptive threshold of the earthworm. 

High oxidative stress levels can impair earthworm reproduction and survival, leading to soil 

degradation. 

Lipid peroxidation compromises cellular function, reducing the efficiency of organic matter 

decomposition and soil aeration. 
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5.5 Effect of Industrial Effluent on Earthworm Body Weight 

When evaluating the physiological reaction of earthworms to environmental stressors, such as 

contamination from industrial effluent, body weight is a crucial metric. To ascertain the possible 

harmful effects, this study compared the earthworms' body weights before and after they were 

exposed to varying concentrations of industrial effluent (1 mL, 2 mL, and 3 mL).  

1. Control Group (No Effluent Exposure)  

The control group had an initial mean body weight of 1.97 ± 0.97 g, which decreased slightly to 

1.59 ± 0.33 g after 28 days. This decline implies that even in the absence of effluent exposure, 

earthworms may endure weight changes due to environmental factors such as food availability, 

metabolic activity, and regular biological processes. The drop in weight could potentially be 

related to the experimental setup, including limited organic matter availability in the soil. 

2. Effect of 1 mL Effluent Exposure (Group A) 

The body weight of earthworms exposed to 1 milliliter of industrial effluent increased from 1.51 

± 0.53 g to 1.91 ± 0.48 g. This implies that some vital nutrients that supported growth may have 

been supplied by industrial effluent at low amounts. Organic debris and trace elements found in 

some industrial effluents may initially act as a food source, increasing biomass(Kumar et al., 

2021). However, prolonged exposure to industrial waste can lead to bioaccumulation of toxicants, 

affecting metabolic functions in the long term. 
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3. Effect of 2 mL Effluent Exposure (Group B) 

In contrast, exposure to 2 mL of industrial effluent resulted to a small fall in weight from 1.75 ± 

0.43 g to 1.57 ± 0.37 g. A potential barrier beyond which harmful consequences exceed any early 

growth benefits is suggested by the decrease in body weight at this dose. Industrial effluents often 

contain heavy metals and organic contaminants that can trigger oxidative stress, leading to 

metabolic abnormalities(Sharma et al., 2020). This weight loss could be a result of reduced 

feeding, impaired digestion, or direct cytotoxic effects on the earthworms' gut microbiota. 

4. Effect of 3 mL Effluent Exposure (Group C) 

The mean body weight increased from 1.58 ± 0.92 g to 2.05 ± 0.70 g at the highest concentration 

of 3 mL, which is surprising because higher concentrations of toxicants are usually linked to 

greater physiological stress and weight loss. One explanation for this could be that certain 

earthworm species have adaptive mechanisms, like upregulating detoxification enzymes, to 

counteract moderate pollution levels(Singh and Sharma, 2022). However, this weight gain could 

also be misleading if it resulted from water retention or accumulation of toxic substances rather 

than actual growth. 

5. Comparative Evaluation of Changes in Body Weight  

Body weight significantly increased in Group A (1 mL exposure), indicating a favorable beginning 

effect at low effluent concentrations. The commencement of toxicity was indicated by the small 

drop observed in Group B (2 mL exposure). Unexpected weight gain was seen in Group C (3 mL 

exposure), which may have been brought on by physiological stress reactions or adaptive 

mechanisms. A slight weight loss was observed in the control group, which might have been 
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brought on by outside environmental factors. These results demonstrate that while industrial 

effluent may have some growth-stimulating effects at lower concentrations, harmful effects 

become more noticeable at greater levels. This is consistent with earlier research on bioindicators 

in contaminated habitats, which shows that physiological adaptations can occasionally occur prior 

to negative impacts when exposed to moderate levels of contaminants. (Edwards et al., 2011). 

The results indicate that industrial effluent can have varying effects on earthworm biomass, 

depending on concentration. While low concentrations might temporarily support growth, higher 

levels disrupt normal physiological processes. Since earthworms are bioindicators of soil health, 

these findings suggest that industrial effluent discharge can alter soil ecosystems by affecting the 

soil fauna that contribute to organic matter decomposition and nutrient cycling (Morgan and 

Burton, 2021). 

5.6 Effect of effluent on earthworm body length 

1. Initial Body Length of Earthworms 

The control group had the longest initial body length, approximately 12.0 cm. 

Treatment group A (1mL) showed a shorter initial body length, around 11.6 cm. 

Group B (2mL) had the shortest initial length at about 10.5 cm, indicating possible variability in 

baseline measurements. 

Group C (3mL) had a length close to the control (~11.9 cm), suggesting that these worms started 

with relatively normal size. 
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2. Final Body Length of Earthworms 

The final length of the control group appears slightly increased or stable compared to the initial 

measurement. 

Group A (1mL) had a decrease in length, which may suggest stress-induced shrinkage or mortality. 

Group B (2mL) showed the greatest increase in body length, growing beyond the control group 

(~12.6 cm). This might indicate that moderate effluent concentrations could initially stimulate 

growth before toxicity sets in. 

Group C (3mL) also experienced an increase but was slightly lower than Group B, implying that 

higher effluent concentrations may have some toxic effects. 

3. Body Length Difference of Earthworms 

This chart compares initial and final body length for each group. 

The control group had minimal variation, suggesting stable growth in a normal environment. 

Group A (1mL) had a decrease in final length, likely due to negative effects of the effluent. 

Group B (2mL) had a significant increase, possibly due to initial physiological adaptation before 

toxicity kicks in. 

Group C (3mL) also exhibited growth but not as pronounced as Group B, indicating that higher 

concentrations may start affecting earthworm physiology negatively. 

The unexpected increase in body length in Group B suggests that moderate industrial effluent 

concentrations might provide nutrients or induce stress-related growth responses in the short term. 



 

 

46 
 

The decrease in length for Group A and the non-significant growth in Group C indicate that 

prolonged exposure to effluent negatively impacts worm physiology, likely due to oxidative stress 

or metabolic disruption. The increase in Group B might be due to hormesis, where low-dose 

exposure to toxicants induces beneficial stress responses before negative effects dominate at higher 

doses. 
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5.1 CONCLUSION  

The growth and metabolic stress markers of Eisenia fetida, a crucial bioindicator for soil health, 

were examined in this work in relation to industrial effluent. Earthworms exposed to greater 

effluent concentrations displayed decreased development, poor reproduction, and metabolic stress 

responses, according to the findings, which demonstrated severe harmful consequences. Exposed 

earthworms lost weight, had stunted growth, and produced fewer cocoons, all of which had a 

detrimental effect on growth and reproduction. This implies that harmful elements in the 

wastewater interfere with vital metabolic and reproductive processes, endangering the biodiversity 

of the soil. 

Oxidative stress was further validated by biochemical studies. Antioxidant enzymes such as SOD 

and CAT first responded to stress by increasing, but their activity decreased with greater effluent 

concentrations, suggesting that the defenses were overloaded. A decrease in total protein levels 

indicated metabolic failure and cell injury. The report emphasizes the need for improved 

wastewater treatment in order to prevent soil contamination and draws attention to the ecological 

risks posed by industrial pollution. Aeration, nutrient cycling, and the general health of the 

ecosystem can all be impacted by the fall in earthworm populations. 

Long-term monitoring, thorough effluent analysis, and remediation techniques like bioremediation 

should be given top priority in order to reduce these dangers. To strike a balance between 

ecosystem preservation and development, stricter environmental laws and sustainable industrial 

methods are also essential. All things considered, this study emphasizes the value of utilizing 

bioindicators for pollution assessment and urges immediate action to reduce the environmental 

effects of industry. 
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