


Histopathological Effects of Treated and Untreated Industrial Effluents on Lung Tissues of Wistar Rats
[bookmark: _Hlk190635116]

ABSTRACT
Background: Environmental pollution from industrial effluent discharge poses a significant health risk, particularly through inhalation and ingestion. This study aimed to evaluate the histological effects of treated and untreated effluents from selected chemical and petrochemical industry in Rivers State, Nigeria on the lung tissues of Wistar rats. Methods: A total of 40 adult male Wistar rats were randomly assigned into five groups (n=8 per group). Group 1 served as the control, while Groups 2–5 were administered 100% effluent samples (10 mL/kg body weight) of untreated refinery effluent, treated refinery effluent, treated Notore effluent, and untreated Notore effluent, respectively, via oral gavage for 28 days. Animals were sacrificed on days 3 and 28 to assess acute and chronic effects. Lung tissues were extracted, fixed in 10% buffered formal saline, and processed for histological examination using hematoxylin and eosin (H&E) staining. Results: Histological examination revealed significant inflammatory responses in treated groups. Day 3 samples showed inflammatory cell infiltration, alveolar congestion, and mild epithelial distortions. Day 28 samples demonstrated severe inflammatory cell infiltration, alveolar rupture, congestion, and bronchial epithelial distortion, with more pronounced effects in the untreated effluent groups. Conclusion: Findings indicate that exposure to industrial effluents, particularly untreated samples, induces severe lung tissue damage over time. This study underscores the health risks of industrial effluent pollution and the need for stringent effluent treatment and regulatory enforcement to mitigate environmental and public health hazards.

INTRODUCTION
Industrial effluents are liquid waste products generated from various industrial processes, often containing a complex mixture of organic and inorganic pollutants, heavy metals, and other hazardous substances (Ite et al., 2013). These effluents are a byproduct of industrialization, which has significantly increased over the past century. While industrialization has contributed to economic development, it has also led to severe environmental pollution due to the indiscriminate discharge of untreated or inadequately treated effluents into ecosystems. According to the World Health Organization (WHO), approximately 80% of wastewater globally is discharged untreated into the environment, contributing to water, soil, and air contamination and posing significant risks to both ecosystems and human health (Okafor et al., 2021; El-Shafey et al., 2024).
Exposure to toxic substances in industrial effluents has been linked to numerous health conditions. These pollutants can enter the human body through inhalation, ingestion, or dermal contact, leading to systemic toxicity. Studies have shown that exposure to pollutants such as heavy metals, hydrocarbons, and volatile organic compounds (VOCs) in effluents is associated with respiratory diseases, cardiovascular issues, and even cancer (Niamat et al., 2023; Ajibola et al., 2024). The lungs are particularly vulnerable as airborne pollutants can be inhaled directly. Chronic exposure to these toxins can result in oxidative stress, inflammation, and histopathological changes in lung tissues (Nissenbaum et al., 2023; Niamat et al., 2023).
The petroleum industry is one of the most significant contributors to industrial effluent generation. Petroleum refineries produce large volumes of wastewater containing hydrocarbons, heavy metals like lead and cadmium, and other hazardous chemicals. In Nigeria, particularly in Rivers State—a region heavily impacted by oil exploration activities—petroleum companies frequently discharge both treated and untreated effluents into the environment without adequate regulatory oversight. This practice exacerbates environmental degradation and poses severe risks to public health. Research indicates that communities in Rivers State experience high levels of air and water pollution due to these activities, with respiratory illnesses being among the most reported health issues (Abbas et al., 2023; Jung et al., 2024).
The impact of these effluents on human health is particularly concerning due to their potential to cause chronic respiratory conditions. Pollutants such as polycyclic aromatic hydrocarbons (PAHs) and VOCs present in petroleum effluents have been shown to impair lung function over time. Long-term exposure has been associated with chronic obstructive pulmonary disease (COPD), asthma, fibrosis, and even lung cancer (Rafiq et al., 2022; Faouzi et al., 2023). Despite these alarming trends, there is limited research exploring the direct histopathological effects of treated and untreated industrial effluents on lung tissues using animal models.
Animal models provide a controlled environment for studying the biological impact of toxic substances at cellular and tissue levels. However, there is a paucity of studies examining both short-term and long-term effects of industrial effluent exposure on lung tissues. This gap limits our understanding of how these pollutants contribute to respiratory diseases. This study aims to bridge this knowledge gap by investigating the histopathological effects of treated and untreated industrial effluents on lung tissues using Wistar rats as a model organism. By providing empirical evidence on the extent of lung damage caused by these pollutants, this research emphasizes the urgent need for stricter regulations on industrial waste management while contributing valuable insights into environmental toxicology.
MATERIALS AND METHODS
Sample sites
Notore Chemicals and Petrochemical Industry, formerly known as the National Fertilizer Company of Nigeria (NAFCON), is one of the largest nitrogenous fertilizer production facilities in Nigeria. Located at Onne, near Port Harcourt in Rivers State, the company plays a vital role in the agricultural sector by manufacturing fertilizers such as urea, ammonium nitrate, and other agrochemical products. Since its establishment in 1987, Notore has been instrumental in boosting agricultural productivity in Nigeria and across West Africa. However, Notore Chemicals’ proximity to the Okirika Creek raises significant environmental concerns. The plant discharges industrial effluents containing ammonia, urea, phosphate compounds, and other hazardous chemicals directly into the creek. Studies have shown that fertilizer plant effluents can contribute to water pollution, eutrophication, and toxicity to aquatic life due to high levels of nitrogen and phosphorus (Obire et al., 2008; Akinnawo, 2023). The presence of heavy metals, oil, and grease in these discharges further exacerbates ecological degradation. Given these environmental risks, it was necessary to collect effluent samples from Notore Chemicals for our study to evaluate the potential impact of these pollutants on surrounding water bodies and communities.
The Port Harcourt Refinery and Petrochemical Company Limited (PHRC) is a key player in Nigeria’s oil and gas sector. Established in 1962, the refinery is operated by the Nigerian National Petroleum Corporation (NNPC) and consists of two refining plants with a combined processing capacity of approximately 210,000 barrels per day. PHRC is responsible for refining crude oil into various petroleum products such as gasoline, diesel, kerosene, lubricants, and petrochemical feedstocks. The refinery is located in Alesa-Eleme, Rivers State, and has long been associated with environmental pollution due to the discharge of petroleum refinery effluents (PREs) into nearby water bodies, particularly the Okrika River system. These effluents contain hydrocarbons, heavy metals, phenols, sulfides, and polycyclic aromatic hydrocarbons (PAHs), all of which pose serious risks to aquatic ecosystems and human health. Continuous discharge of untreated or partially treated effluents can lead to the accumulation of toxic substances in water and sediment, affecting biodiversity and potentially contaminating drinking water sources for local communities. Effluents from PHRC were collected for our study to assess their health effect on the lungs, to provide evidence of the harm constituted by these effluents to humans.
Experimental Animals 
Experimental animals used for this study were purchased and maintained at the Animal House of Biomedical Research Center of the University of Port Harcourt, Choba, Rivers State, Nigeria. A total of 40 male Wistar rats (Mus musculs) were used. The age of animals were 4-6 months, and they weighed 154 grams. Rats were kept for one week for acclimatization before being used in the experiments.  They were divided into groups, and each group was housed in separate transparent plastic cages with stainless steel cover lids. The animals were maintained at a temperature of 20-25°C, and they had free excess to food (standard pellets by Eastern Premier Mills, Calabar) and water throughout the experimental work.	Comment by Suvarna Ingale: Check scientific name
Effluent Collection and Preservation 
Treated and untreated effluent samples were collected from the discharge points of Notore Chemicals and Petrochemical Industry and Port Harcourt Refinery and Petrochemical Company Limited in Rivers State. The treated effluent from Notore Chemicals and Petrochemical Industry was obtained at its discharge point in Ipokiri Community, Okrika Local Government Area, where it flows into the Okoro River, while the untreated effluent was collected from the utility plant of the same facility in Onne, Eleme Local Government Area. Similarly, the treated effluent from Port Harcourt Refinery and Petrochemical Company Limited was collected at its discharge point in Ekerekana Community, Okrika, while the untreated effluent was obtained from its discharge point in Eleme. All effluent samples were collected in amber bottles and stored in a refrigerator for preservation before use.
Effluent Dosing
Experimental animals were administered 100% effluent samples, with each animal receiving 10 mL per kg of body weight (2 mL) of either treated or untreated effluent via oral gavage daily for the duration of the study. The dosing was adjusted based on individual body weight to ensure accuracy and ethical compliance. The effluents were administered orally via gavage for a duration of 28 days.
Experimental Design
The 40 adult male Wistar rats were randomly assigned into five groups, with eight animals per group, as shown in the table below;
Table 1. Experimental design
	Group
	Identification
	Rats
	Treatment/Exposure

	Group 1
	Control
	8
	Fed with rat feed and water throughout the study period.

	Group 2
	Untreated Refinery Effluent
	8
	Fed with untreated refinery effluent.

	Group 3
	Treated Refinery Effluent
	8
	Fed with treated refinery effluent.

	Group 4
	Treated Notore Effluent
	8
	Fed with treated Notore effluent.

	Group 5
	Untreated Notore Effluent
	8
	Fed with untreated Notore effluent.



Sample Collection 
Experimental animals were sacrificed on days 3 and 28 following effluent administration to assess both acute (short-term) and chronic (long-term) effects of the effluents. The rats were anesthetized using diethyl ether before sacrifice, and their lungs were carefully extracted. The lungs were then fixed in 10% buffered formal saline at room temperature for histological examination.
Histological examination
[bookmark: _cgaibbsju37q][bookmark: _u4wwf4skkc8o]The lung tissues were trimmed to a thickness of 2–4 mm to facilitate optimal penetration of the fixative. Standard histological processing methods, as described by Baker (1945) and Isirima and Uahomo (2023), were employed, including fixation, dehydration, clearing, impregnation, embedding, sectioning, and staining with hematoxylin and eosin (H&E), followed by final mounting. Sections were observed under a digital brightfield microscope (OMAX 40x-200X 3MP Digital microscope USA) and photomicrographs were taken at 100X and 400X magnification.
Method of Data Analysis
Since no numerical data were generated in this study, the analysis was based on qualitative histological assessment. The histological slides were examined under a light microscope to evaluate tissue architecture, cellular integrity, and morphological changes in the lung samples. Observations were compared across experimental groups to identify structural alterations resulting from effluent exposure. Representative photomicrographs were captured for documentation and interpretation of findings.
Ethics Approval
The study was carried out in adherence to ethical guidelines set by the National Institute of Health (NIH) for the ethical treatment of animals in research. The study was approved by the Research Ethics Committee of the University of Port Harcourt, Rivers State, Nigeria before commencement of the study.	Comment by Suvarna Ingale: Ethical approval letter no is required

RESULTS
Histopathological Findings of Lung Tissue
Histological analysis of lung tissues on day 3 revealed normal microstructure in the control group, while groups exposed to treated and untreated industrial effluents exhibited varying degrees of inflammatory cell infiltration, alveolar congestion, and epithelial distortion. The most severe distortions were observed in animals administered untreated refinery and Notore effluents, characterized by spreading inflammatory cells, alveolar sac distortion, and bronchial epithelial damage. By day 28, progressive deterioration was evident, with the untreated effluent groups displaying very severe inflammatory infiltration, coagulated/congested alveoli, and epithelial degeneration. The treated effluent groups also showed significant alveolar disruption and cellular degeneration, though less severe than their untreated counterparts. These findings indicate that both treated and untreated industrial effluents induce lung tissue damage, with untreated effluents causing more pronounced structural distortions over time.
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	Group 5A (untreated Notore effluent)



Figure 1. Photomicrograph of Lung Tissue of experimental animals on day 3. Group 1A (control) showing alveolar sac, alveoli and pulmonary blood vessels. Tissue shows normal microstructure.  Group 2A administered treated refinery effluent showing alveolar sac, inflammatory cells around congested alveoli and pulmonary blood vessels. The terminal alveoli show distorted inner epithelial lining. Distortion of tissue microstructure is indicated.  Group 3A administered untreated refinery effluent showing spreading inflammatory cells around congested alveoli. Severe distortion of tissue microstructure is indicated. Group 4A administered treated Notore effluent showing spreading inflammatory cells and distorted alveolar sac. Distortion of tissue microstructure is indicated. Group 5A administered untreated Notore effluents showing spreading inflammatory cells and distorted alveolar sac and distorted bronchial wall epithelial lining. Distortion of tissue microstructure is indicated.  Magnification: H & E, X100.
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	Group 1B (Control)
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	Group 3B (treated refinery effluent)
	Group 4B (treated Notore effluent)
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	Group 5B (untreated Notore effluent)

	


Figure 2. Photomicrograph of Lung Tissue of experimental animals on day 28. Group 1B (control) showing alveolar sac, alveoli, and pulmonary blood vessels. Tissue exhibits normal microstructure. Group 2B administered untreated refinery effluent showing very severe inflammatory cells around coagulated/congested alveoli and a distorted alveolar sac. The epithelial lining around the terminal bronchioles also shows distortion. Distortion of tissue microstructure is indicated. Group 3B administered treated refinery effluent showing very severe inflammatory cells around the alveoli, with the eruption of alveoli in the alveolar sac. Distortion of tissue microstructure is indicated. Group 4B administered treated Notore effluent showing inflammatory cells and a distorted alveolar sac. Cellular degeneration around the alveolar sac is observed. Distortion of tissue microstructure is indicated. Group 5B administered untreated Notore effluent showing very severe inflammatory cells around coagulated/congested alveoli. Congested blood vessels are also observed. Severe distortion of tissue microstructure is indicated. Magnification: H & E, X100.

DISCUSSION
Industrial effluents, composed of heavy metals, volatile organic compounds, and persistent organic pollutants, pose a significant threat to public health and the environment. The release of untreated industrial waste into water bodies and air has been associated with numerous disease conditions, including respiratory disorders, cardiovascular complications, and carcinogenesis (Okereke et al., 2016; Landrigan et al., 2018; Schraufnagel et al., 2019). Studies have shown that chronic exposure to pollutants from petrochemical industries leads to increased incidence of chronic obstructive pulmonary disease, pulmonary fibrosis, and lung cancer due to prolonged oxidative stress and inflammatory responses (Schraufnagel et al., 2019; Yang et al., 2021; Raslan et al., 2023). Despite regulations aimed at minimizing industrial pollution, enforcement remains weak, particularly in developing regions such as Nigeria, where industrial hubs contribute significantly to environmental degradation.
This study examined the comparative histopathological effects of treated and untreated industrial effluents on lung tissues over short- and long-term exposure periods. Unlike previous research that primarily focused on general toxicological effects, this study uniquely investigates whether effluent treatment significantly mitigates lung tissue damage, providing critical insights into the effectiveness of treatment processes. The assessment of acute (3-day) and chronic (28-day) exposure allows for a deeper understanding of how industrial effluents progressively alter lung architecture.
The histological findings on day 3 revealed that control animals exhibited normal pulmonary architecture, while those exposed to both treated and untreated effluents showed inflammatory cell infiltration, alveolar congestion, and epithelial distortion. The severity of alterations varied, with untreated refinery and Notore effluents inducing pronounced inflammatory responses, alveolar sac distortion, and early-stage bronchial epithelial damage. This suggests that the high concentration of toxicants in untreated effluents induces oxidative stress and inflammatory signaling cascades, leading to early lung tissue degeneration (Adeboyejo et al., 2013). Treated effluents also triggered inflammatory responses, albeit with reduced epithelial and alveolar damage, indicating that effluent treatment reduces toxicity but does not entirely eliminate harmful effects. Previous studies have corroborated these findings, demonstrating that acute lung toxicity following industrial pollutant exposure is driven by oxidative stress and endothelial dysfunction, which accelerate cellular damage and immune activation (Alves et al., 2020; Bezerra et al., 2023; Sangkham et al., 2024). 
By day 28, histological analyses showed severe pulmonary deterioration, particularly in animals exposed to untreated effluents. Pathological changes included extensive inflammatory infiltration, alveolar collapse, epithelial necrosis, and fibrosis-like lesions, suggesting a transition from acute inflammation to chronic degenerative lung disease. Untreated effluents led to increased pulmonary congestion, alveolar destruction, and fibrotic remodeling, reinforcing the hypothesis that continuous exposure exacerbates oxidative damage, impairs lung tissue regeneration, and promotes airway remodeling. The treated effluent groups, while still exhibiting significant alveolar disruption, demonstrated relatively preserved lung structures compared to their untreated counterparts. The milder impact observed in the treated effluent groups can be attributed to partial removal of toxicants during effluent treatment, which reduced but did not eliminate the harmful compounds responsible for oxidative damage and inflammatory responses (Cuerda-Correa et al., 2020; Jomova et al., 2023; Matesun et al., 2024). This suggests that while treatment processes may lessen toxicity, they remain inadequate in preventing long-term pulmonary harm.
The findings further highlight that untreated effluents contribute to more aggressive pathological changes, as they contain a higher load of unfiltered carcinogenic and inflammatory agents. Studies have shown that exposure to high levels of industrial pollutants, particularly in their untreated form, increases the risk of permanent pulmonary damage and heightened susceptibility to respiratory infections (Kurt et al., 2016; Monoson et al., 2023). The prolonged inflammatory responses observed in animals exposed to untreated effluents suggest that ongoing exposure could promote the development of chronic lung diseases, including fibrosis and emphysema. The failure to implement rigorous waste treatment processes could thus result in widespread respiratory complications among populations residing near industrial zones, further burdening healthcare systems and increasing morbidity rates.
The implications of these findings extend beyond individual health risks, highlighting the need for regulatory enforcement and public health interventions. Without stringent regulations, continuous exposure to industrial pollutants could escalate the burden of respiratory diseases, increase healthcare costs, and reduce life expectancy in affected populations. Given the widespread discharge of industrial effluents in many developing regions, environmental monitoring and stricter enforcement of wastewater treatment standards are imperative to mitigate these risks. Routine surveillance of industrial discharge zones should be conducted to track pollutant levels and assess their impact on public health. More stringent industrial wastewater treatment regulations must be implemented to ensure the complete removal of toxic contaminants before effluent discharge. The findings of this study also emphasize the necessity for longitudinal epidemiological research on human populations residing near industrial sites to assess long-term health impacts. Future research should focus on optimizing treatment technologies and evaluating alternative methods, such as bioremediation and nanotechnology-based filtration systems, to enhance effluent detoxification before environmental discharge.
CONCLUSION
This study demonstrated the significant histopathological impact of industrial effluent exposure on lung tissues, with untreated effluents causing more severe and progressive damage compared to treated effluents. The findings emphasize the critical need for stricter environmental regulations and improved wastewater treatment technologies to mitigate public health risks. Prolonged exposure to industrial pollutants may lead to chronic respiratory diseases, making immediate policy interventions essential. Strengthening industrial waste management, promoting sustainable treatment solutions, and conducting long-term epidemiological studies are crucial steps toward protecting both human health and the environment.
Statement of ethical approval 
Ethical approval was obtained for this study and was carried out in accordance with the guidelines for the care and use of animals and in compliance with the Research Ethics Committee’s fundamental principles for animal-based research of the University of Port Harcourt, Choba, Rivers State.
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