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Abstract
Polycyclic Aromatic Hydrocarbons (PAHs) and Polychlorinated biphenyls (PCBs) are Persistent Organic Pollutants that can accumulate in soil and pose ecological risks. This study investigated the ecological risks associated with PAHs and PCBs in soil around selected industrial sites in Rivers State. Soil samples were collected from one non-industrial and four industrial sites and analyzed for PAHs and PCBs using Gas Chromatography-Mass Spectrometry (GC-MS). The soil samples were dried at room temperature for 5-8 days. The Extraction method used for PAH and PCB analysis in the soil samples was Soxhlet extraction. The results showed that the soil samples from the non-industrial site (control) had PAH and PCB concentrations below the detection limit (<0.01mg/kg). PAH and PCB concentrations in industrial sites ranged from 0.41mg/kg to 32.27mg/kg and 0.72mg/kg to 5.55mg/kg, respectively. PAH Risk Quotient (RQ) for the Petrochemical company, Electronics market and Paint factory gave values >1 indicative of significant risk while the Transformer oil storage site gave RQ of 0.41 indicative of insignificant risk. Ecological Risk Index revealed values that ranged from 1,640 to 129,080, all indicative of high risks from PAH contamination. Similarly, RQ obtained from PCB concentrations in all industrial sites gave values >1, indicative of significant risks. Ecological Risk Index revealed values that ranged from 4,360 to 22,200, all indicative of high risks from PCB contamination. PAH and PCB contamination in soil can bioaccumulate and pose significant risks to soil biota. The high RQ values observed in this study raise concerns about long-term environmental and human health risks, emphasizing the need for strict industrial waste regulations, soil and groundwater remediation strategies, and ongoing environmental monitoring programs. The study revealed that Ecological Risk Assessment for PAH and PCB concentrations in all industrial sites have high risk ratings with environmental contamination mitigation and remediation actions recommended. The study highlighted the need for urgent attention to address the issue of PAH and PCB contamination in soil around industrial sites in Rivers State.
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1.0 Introduction
Polycyclic Aromatic Hydrocarbons (PAHs) and Polychlorinated biphenyls (PCBs) are two classes of Persistent Organic Pollutants (POPs) that have been widely studied in environmental science (WHO, 2010). They are classified as xenobiotics that have similar physicochemical properties, such as hydrophobicity, low degradability (especially PCBs), and lipophilicity (Ciemniak et al., 2023). These pollutants can accumulate in soil and pose significant ecological risks to soil organisms (plants, and animals) (Kisku et al., 2017; Wang et al., 2016). The concentrations of PAHs in soil have increased worldwide during the last three decades, especially in industrial areas, due to increased anthropogenic emissions, and this trend may continue in the next few years (Zhao et al., 2021; Ogbonna & Origbe, 2021). PAHs are formed during the incomplete combustion of fossil fuels, while PCBs are synthetic chemicals that were widely used as insulators and coolants in electrical equipment (ATSDR, 2015). The environmental fate and transport of PAHs and PCBs are complex and influenced by various factors, including soil properties, climate, and microbial activity (Baird et al., 2017; Lauby-Secretan et al., 2013). PAHs and PCBs can persist in soil for many years, and their bioavailability and toxicity can be affected by soil properties, such as pH, organic matter content, and particle size (Kang et al., 2014; Osuji et al., 2015). Even with the production of PCBs banned in most countries, they continue to pose a threat due to their environmental persistence and bioaccumulation, raising global concerns (Othman et al., 2022). Ecological risks associated with PAHs and PCBs in soil are a major concern as these pollutants can have toxic effects on soil organisms, plants, and animals (IARC, 2010; ATSDR, 2015). The International Agency for Research on Cancer (IARC) has classified several PAHs and PCBs as carcinogenic to humans (IARC, 2010). This study aims to investigate the ecological risks associated with PAH and PCB concentrations in soil around industrial sites in Rivers State. The specific objectives of the study are to: 
(1) determine the concentrations of PAH in soil samples 
(2) determine PCB concentrations in soil samples
(3) assess ecological risks associated with PAH and PCB concentrations in soil from the study areas. 
2.0 Literature Review
The literature on the ecological risks associated with PAHs and PCBs in soil reveals a significant body of research on the topic. Studies have shown that PAHs and PCBs can accumulate in soil and pose significant ecological risks to soil organisms, plants, and animals. They have low water solubility, resistance to degradation, and a tendency to bioaccumulate in organisms. (Kisku et al., 2017; Wang et al., 2016). 
a. Polycyclic Aromatic Hydrocarbon
Polycyclic Aromatic Hydrocarbons (PAHs) are a group of compounds that are organic in nature composed of multiple aromatic rings. They are majorly formed during the incomplete combustion of organic materials such as coal, oil, and wood. PAHs are highly hydrophobic, thus, making them susceptible to sorbing onto particulate matter in soil and water. Notable examples of PAHs include benzo(a)pyrene, acenaphthalene and anthracene.
b. Polychlorinated Biphenyls
Polychlorinated Biphenyls (PCBs) are a group of man-made chemicals that consist of carbon, hydrogen, and chlorine atoms. They were widely used in electrical equipment as coolants and lubricants, but their production had been stopped in many countries due to their environmental impact. Due to their persistent nature, PCBs remain in the environment for decades and can still be found in many ecosystems around the world.
c. Soil Contamination
PAHs and PCBs can contaminate soil through various sources, including industrial activities, waste disposal, and atmospheric deposition (ATSDR, 2015). Studies have shown that soil contamination with PAHs and PCBs can have significant ecological impacts, including changes to soil microbial communities and reduced plant growth (Kang et al., 2014; Osuji et al., 2015).
d. Ecological Risks
The ecological risks associated with PAHs and PCBs in soil are a major concern. Studies have shown that PAHs and PCBs can have toxic effects on soil microorganisms, plants, and animals (IARC, 2010; ATSDR, 2015). These pollutants not only affect the health of individual organisms but also have broader, cascading impacts on ecosystem dynamics, biodiversity, and ecosystem services. 
e. Remediation and Management
Several remediation technologies have been developed to clean up PAH- and PCB-contaminated soil, including bioremediation, chemical treatment, and excavation (Kang et al., 2014). Studies have shown that these technologies can be effective in reducing PAH and PCB concentrations in soil, but the effectiveness of these technologies can vary depending on the specific site conditions and contaminant characteristics (Kang et al., 2014; Osuji et al., 2015).












3.0 Materials and Methods

3.1 Study Area
[image: ]
Fig .1 Study area showing sampling points

The study area comprises 4 industrial and 1 non-industrial sites. The industrial sites were Iloabuchi Electronics Market (4°47'27"N 6°59’16.082"E), Indorama Petrochemical (4°48'28"N 7°06’6.121"E), Transformer Oil Storage Site (4°53'42"N 6°59’5.121"E) and Uniport Academy Colour factory (°54'05"N 6°54' 6.150"E. The sample for the control was collected from the Elekahia residential area (4°49'20"N 7°01’22.132"E).
Iloabuchi electronics market is situated in Akokwa-Iloabuchi street, Mile 2 Diobu, Port Harcourt in Rivers State. The market specializes in the sales and repairs of electronical appliances, equipment, accessories etc. 
Indorama Petrochemicals Company is situated in the Eleme Local Government Area of Rivers State. It specializes in the production of a polyolefins majorly polyethylene and polypropylene resins. These are used in the manufacture of a wide range of polyethylene and polypropylene products including fertilizers, medical gloves, textiles, packaging materials etc.
The Transformer Oil Storage site is in Rukpoku in Obio Akpor LGA of Rivers State. It is a Depot that stores transformer oil used to achieve electrical stability and insulation in power transformers. It also acts as a cooling agent. Transformer oil is a blend of highly refined mineral oil with other additives such as antioxidants etc. it could be of Napthanic, paraffinic or synthetic origin.
Uniport Academy Colour is a paint factory located in Abuja Park Road Choba, Rivers State. This factory/paint laboratory specializes in the manufacture, mixing and blending of paints and other paint products. Some of their products include emulsion paints (Total weather resistant emulsion paint and Academy weather resistant emulsion paint), gloss paint, texture paint, etc.

3.1 Determination of Analytes
The determination of PAH and PCB congeners was carried out at Tidalflow Nigeria Limited Laboratory Department, Port Harcourt. 
[bookmark: _Toc48056670]3.2	Sample Preparation
The soil samples were dried at room temperature for 5-8 days. On confirmation that the samples were dried, they were ground using a ceramic mortar, sieved (212µm) and kept at 4oC prior to chemical analysis. 
3.3	Sample Extraction
The Extraction method used for PAH and PCB analysis in the soil samples was Soxhlet extraction. Two (2) grams of each sample was weighed into a glass beaker, and 20 ml of the organic solvent, Dichloromethane, was added to the weighed sample in the beaker and mixed properly with a stirring rod. Activated copper was added to remove inorganic sulphur in the extract.
Samples were subsequently filtered with funnel, cottonwool, silica gel and sodium sulphate. The cotton wool is used to remove visible impurities while silica gel is used to remove invisible impurities. Sodim sulphate removes water from the sample, thus, it is employed as a dehydrating agent. After the filtration process, the samples were allowed to concentrate for 1-2 hours.
3.4	Determination of PAH in Soil Samples.
A Gas Chromatograph-Mass Spectrometer (GC-MS) was used for the determination of PAH in the soil samples. One (1) ml of dichloromethane was added to the concentrated sample, and one (1) microliter of the sample was collected using an analytical syringe and injected into the injector compartment of the GC-MS. The sample was analyzed for 25 minutes. The GC uses gases such as air, Helium and Hydrogen. The function of air and hydrogen is to heat up the instrument while Helium is the carrier gas which carries the sample injected through the column to the detector in the GC. 
3.5	Determination of PCB in Soil Sample
A Gas Chromatograph-Mass Spectrometer (GC-MS) was used to analyze the extract from the soil samples for PCB congeners. One (1) ml of dichloromethane was added to the concentrated sample, one (1) microliter of the sample was collected using an analytical syringe and injected into the injector compartment of the GC-MS.

3.6 Ecological Risk Evaluation of PAH and PCB Concentrations
Ecological Risk assessment indices employed in this study for PAH and PCB exposures were Risk Quotient, Contamination Factor and Ecological Risk Index.
3.7 Risk Quotient
The Risk Quotient is calculated thus:
RQ = Ccontaminant/CTEL
where Ccontaminant is the concentration of the respective contaminant in the soil and CTEL is the Threshold Effect Level of the contaminant.
3.9 Ecological Risk Index (ERI)
Ecological Risk Index compares concentrations of PAHs and PCBs obtained from the sampling sites to established thresholds to determine the level of potential harm to ecosystems. 
ERI was calculated for the sites using concentrations obtained for PAH and PCB.
ERI = RQ × TRF

Where RQ is the Risk Quotient and TRF is the Toxic Response Factor.
4.0 Results and Discussion

4.1 Risk Quotient of PAH Concentrations
Analysis of Risk Quotient (RQ) of Polycyclic Aromatic Hydrocarbon (PAH) contamination across different sites reveals varying levels of risk (Table 1). Control site showed no observed contamination, indicating a baseline level of PAH presence. Iloabuchi Electronics market had a RQ of 1.58, Indorama Petrochemical Site had 19.21, PHED Transformer Oil Storage Site had 0.24 while Uniport Academy colour had a Risk Quotient of 0.67.
Findings from this study revealed varying PAH contamination degrees across the different sites, indicating low, moderate and high-risk levels. The Indorama Petrochemical Site showed the highest level of contamination among the locations studied. These results align with existing research on PAH contamination in industrial and urban environments.
According to Anyakora and Coker (2006), PAHs are introduced into the environment primarily through the incomplete combustion of organic materials, industrial emissions, and petroleum-based activities. This explains why the Indorama Petrochemical Site has the highest PAH levels, as petrochemical industries are major contributors to PAH pollution. Similarly, Wang et al. (2012) noted that electrical and mechanical activities contribute significantly to PAH accumulation, supporting the moderate risk observed at Iloabuchi Electronics market.
PAHs are hydrophobic and tend to accumulate in soil and sediments, leading to long-term contamination (Wild & Jones, 1991). The high PAH levels in subsoil compared to topsoil at multiple locations in this study suggest the downward migration of contaminants, which is consistent with research by Wilk et al. (2013), who reported that PAHs can penetrate deeper soil layers over time due to soil properties and organic matter content.
The presence of high-risk PAH concentrations at the Indorama Petrochemical Site is concerning because PAHs have been linked to severe health issues, including cancer and respiratory disorders (Pergal et al., 2014). Chronic exposure to PAH-contaminated soils can lead to bioaccumulation in plants and enter the food chain, posing risks to human and ecological health (ATSDR, 2005).
The Risk Quotient (RQ) analysis in this study follows the methodology outlined by USEPA (2002), which classifies RQ > 10 as high risk, 1 ≤ RQ < 10 as moderate risk, and RQ < 1 as low risk. Consequently, the PHED Transformer storage site and Uniport Colour Academy recorded low risks; the Iloabuchi electronics market had moderate risks, and the Indorama Petrochemical site recorded high risks. The findings in this study align with these classifications, confirming that petrochemical industries, chemical and electrical activities contribute significantly to environmental pollution.
Several studies have reported similar PAH contamination trends in industrial areas. For instance, Wang et al. (2012) found that petrochemical sites in China had PAH concentrations exceeding safe limits, comparable to the high-risk values recorded at Indorama Petrochemical Site. Additionally, research by Nadal et al. (2004) in urban areas of Spain found moderate PAH contamination in mechanic/electrical workshops, like the Iloabuchi Electronics market obtained in this study.
Given the high PAH levels at the Indorama Petrochemical Site, urgent remediation measures such as bioremediation and soil washing should be implemented, as suggested by Haritash & Kaushik (2009). Regulatory bodies must enforce stricter environmental policies, as PAH pollution poses long-term health and ecological threats (ATSDR, 2015).
This study confirms that PAH contamination varies depending on industrial activities, with petrochemical industries being the most significant contributors. The findings align with previous research, highlighting the need for continuous monitoring, risk assessment, and remediation strategies to mitigate PAH pollution's adverse effects on the environment and public health.
4.2 Ecological Risk Index of PAH Concentrations
[bookmark: _Hlk190416173]Ecological Risk Index (ERI) was computed for the four industrial locations based on the concentrations of Polycyclic Aromatic Hydrocarbons (Table 2). The results indicate varying levels of ecological risk across the studied sites: Indorama Petrochemical Site (ERI = 192.08), Iloabuchi Electronics market (ERI = 15.83), Uniport Paint Colour Academy (ERI =6.73), and PHED Transformer Oil Storage Site (ERI = 2.44). 
The ecological risk assessment of PAH contamination in the selected sites aligns with existing studies on industrial pollution and its environmental impacts. Several researchers have reported that PAHs, originating primarily from petrochemical industries, mechanic workshops, and manufacturing activities, pose significant ecological and health risks due to their persistence, bioaccumulation potential, and carcinogenic properties (Achten & Hoffmann, 2009; Wang et al., 2016).
The Indorama Petrochemical Site recorded an ERI of 192.08, exceeding the threshold of 150, which is classified as a significant risk level (Hakanson, 1980). Studies by Onojake et al. (2014) on PAH contamination in oil-producing regions of Nigeria have similarly found high contamination factors linking them to crude oil spills, industrial effluents, and incomplete combustion of hydrocarbons. PAHs such as benzo[a]pyrene, chrysene, and fluoranthene, which were detected in high levels at this site, have been classified by the International Agency for Research on Cancer (IARC) as probable human carcinogens (IARC, 2010). The Iloabuchi Electronics Market (ERI = 15.83) and the Paint Manufacturing Company (ERI = 6.73) fall within moderate risk levels. These findings align with studies on PAH pollution in automobile repair zones and industrial hubs (Wang et al., 2016). Electronic workshops contribute significantly to PAH contamination through used e-components, lubricants, and improper waste disposal (Wang et al., 2012). Similarly, PAH pollution in paint manufacturing has been linked to organic solvents, combustion processes, and disposal of industrial byproducts (Zhang et al., 2014).
With an ERI of 2.44, the PHED Transformer Oil Storage Site presents the lowest ecological risk obtained in this study for the industrial sites, though contamination is still evident. This aligns with research on electrical transformer stations, which highlights low to moderate PAH contamination due to transformer oil spills and gradual degradation of petroleum-based insulators (Wang et al., 2016). However, the low-risk classification does not eliminate environmental concerns, as PAHs can accumulate over time, leading to long-term ecological effects.
The high ERI at the Indorama Petrochemical site necessitates remediation strategies such as bioremediation, soil washing, and phytoremediation (Haritash & Kaushik, 2009). Meanwhile, strict waste management policies, regulatory enforcement, and routine environmental monitoring should be prioritized at electronic workshops and paint industries to reduce PAH emissions. This study corroborates existing literature that industrial and petrochemical activities contribute significantly to PAH pollution and ecological risks. The findings emphasize the urgent need for environmental intervention, particularly at high-risk sites, to mitigate long-term ecological and health risks.


[bookmark: _Hlk190418219]Table 1: Risk Quotient for PAH
	[bookmark: _Hlk190416641]Location
	Risk Quotient (RQ)
	Risk Level

	Control
	<0.01
	Negligible

	Iloabuchi Electronics market
	1.58
	Moderate

	Indorama Petrochemical (Topsoil)
	19.21
	High

	PHED Transformer Oil Storage Site
	0.24
	Low

	Uniport Academy Colour Factory 
	0.67
	Low




Table 2: Ecological Risk Index for PAH
	[bookmark: _Hlk190418520]Location
	Ecological Risk Index (ERI)
	Risk Level

	Control
	<0.01
	Negligible

	Iloabuchi Electronics market
	15.83
	Moderate

	Indorama Petrochemical (Topsoil)
	192.08
	Significant

	PHED Transformer Oil Storage Site
	2.44
	Low

	Uniport Academy Colour Factory 
	6.73
	Moderate



4.1 Polychlorinated Biphenyls and Toxicity Indices.
Risk Quotient (RQ) values for PCB contamination showed significant variation across locations (Table 3). Indorama Petrochemical Site recorded the highest RQ value of 11.10, followed by the Uniport Academy Colour (5.82), Iloabuchi Electronics market (4.18) and PHED Transformer Oil storage site (2.18).
The calculated Ecological Risk Index (ERI) for PCBs in different sites indicate varying levels of contamination and associated risks (Table 4). The Iloabuchi Electronics market exhibited ERI value of 20.9, the highest ERI (55.5) was recorded for Indorama Petrochemicals Company, while PHED Transformer Oil Storage Site had 10.9, and Uniport Academy Colour recorded ERI value of 29.1. 


Table 3: Risk Quotient for PCB
	Location
	Risk Quotient (RQ)
	Risk Level

	Control
	<0.01
	Negligible

	Iloabuchi Electronics market
	4.18
	High

	Indorama Petrochemical (Topsoil)
	11.10
	High

	PHED Transformer Oil Storage Site
	2.18
	High

	Uniport Academy Colour Factory 
	5.82
	High




Table 4: Ecological Risk Index for PCB
	Location
	Ecological Risk Index (ERI)
	Risk Level

	Control
	<0.01
	Negligible

	Iloabuchi Electronics market
	20.9
	Low

	Indorama Petrochemical (Topsoil)
	55.5
	Moderate

	PHED Transformer Oil Storage Site
	10.9
	Low

	Uniport Academy Colour Factory 
	29.1
	Low




4.2 Polychlorinated Biphenyls Risk Quotient
Findings obtained for Risk Quotient (RQ) evaluation in this study align with previous research on industrial contamination and polychlorinated biphenyls (PCBs) accumulation in soil. The observed high RQ values in industrial areas corroborate reports from studies on soil contamination in heavily industrialized regions. Several studies have documented elevated PCB levels in industrial zones, with petrochemical and paint manufacturing industries being key contributors. For instance, Wu et al. (2011) reported that subsoil in industrial zones exhibited higher PCB concentrations than topsoil, like the findings at Indorama Petrochemical Site and Paint Manufacturing Company, indicating downward leaching of contaminants and potential risks to groundwater. Likewise, Wu et al. (2011) found that industrial sites significantly contributed to environmental PCB contamination, mirroring the moderate RQ values recorded at the Iloabuchi Electronics market and PHED Transformer Oil Storage Site in this study.
The observed RQ values, particularly in the Indorama Petrochemical Site and Paint Manufacturing Company, indicate potential ecological hazards, as values for all sites studied exceeded 1.0. This finding suggests risks to soil biota and possible bioaccumulation in the food chain. Jones & De Voogt (1999) reported that PCB contamination in industrialized soils poses long-term ecological threats, affecting microbial diversity and reducing soil fertility. Similarly, Adekola et al. (2021) highlighted that prolonged exposure to high PCB levels could impact human health, increasing risks of endocrine disruption and carcinogenic effects, reinforcing the need for urgent intervention.
The high RQ values (>1) obtained are particularly concerning as they could result in potential groundwater contamination. This aligns with findings from Wu et al. (2018), who reported PCB migration from contaminated subsoil into underground water sources, posing significant public health risks. Wu et al. (2011) also emphasized groundwater vulnerability in industrial zones, highlighting that PCBs, as persistent organic pollutants (POPs), do not degrade easily and may accumulate over time.
In conclusion, this study confirms that industrial activities, particularly petrochemical, paint manufacturing, and electronics handling sites, contribute significantly to soil PCB contamination. The high RQ values observed in this study raise concerns about long-term environmental and human health risks, emphasizing the need for strict industrial waste regulations, soil and groundwater remediation strategies, and ongoing environmental monitoring programs. These findings underscore the urgency for sustainable waste management policies in industrial zones to ensure environmental safety and public health protection.
4.4 Polychlorinated Biphenyl Ecological Risk Index 
Ecological Risk Index of Polychlorinated biphenyl (PCB) contamination across various industrial sites revealed an ecological risk that is below the threshold of 150 (Table 4). The highest ecological risk was observed at Indorama Petrochemical Site with an ERI of 55.5, while the lowest was recorded at PHED Transformer Oil Storage Site with an ERI of 10.9. Uniport Academy Colour had an ERI value of 29.1, while Iloabuchi Electronics Market had 20.9. These findings indicate significant environmental contamination, particularly at the Indorama petrochemical site and align with previous studies on PCB contamination in similar environments.
 PCBs are known for their high environmental persistence, with a strong tendency to accumulate in soil and sediments due to their hydrophobic nature (Wu et al., 2011). The ERI values in samples suggest the possibility of vertical migration, consistent with findings by Zhou et al. (2014), who reported higher PCB concentrations in deeper soil layers at industrial sites in China. This phenomenon is primarily due to leaching, adsorption to organic matter, and slow degradation rates in subsurface environments. Previous research has identified industrial activities, petrochemical processes, and transformer oil spills as major sources of PCB contamination. Ravindra et al. (2008) found that sites near oil refineries and transformer storage facilities exhibited extreme PCB contamination, similar to the values observed at Indorama Petrochemical and other industrial sites investigated. The presence of PCBs at these locations is likely linked to historical use in electrical equipment, hydraulic systems, and industrial coatings.  The ERI values recorded in this study suggest a potential ecological hazard that could affect soil microbial communities, aquatic systems, and human health. Jones and de Voogt (1999) highlighted that PCBs disrupt hormonal and immune functions in wildlife and humans, leading to bioaccumulation in the food chain. The results of this study align with those of Zhou et al. (2013), who emphasized that PCB contamination in industrialized regions poses long-term risks to biodiversity and requires urgent remediation.
In a comparative study, Hosseini et al. (2016) analyzed PCB contamination in Iranian industrial zones and found ERI values ranging from 5,000 to 20,000. These values highlight the global challenge of PCB contamination, particularly in countries with inadequate regulatory frameworks for hazardous waste disposal. The significantly high ERI at the Indorama Petrochemical site reveal significant PCB contamination comparable to contamination hotspots in other petrochemical-intensive regions.
Studies by Breivik et al. (2002) indicate that legacy contamination remains a major issue due to past industrial activities. The present study underscores the need for stricter enforcement of environmental regulations in Nigeria, as existing control measures may be inadequate in mitigating PCB pollution at these sites.
Effective remediation techniques such as bioremediation, thermal desorption, and soil washing have been proposed for PCB-contaminated soils (Zhou et al., 2014). The findings on ecological risk assessment obtained in this study suggest that in-situ and ex-situ remediation efforts should be prioritized, particularly at Indorama Petrochemical, Uniport Colour Academy and Iloabuchi Electronics market sites. Research by Borja et al. (2005) has demonstrated the effectiveness of biodegradation approaches using microbial consortia in breaking down PCBs, a strategy that could be explored for long-term mitigation of PCB pollution in Nigeria.
The ecological risk assessment of PCBs in this study revealed varying contamination levels, with RQ values exceeding critical thresholds at all sites. The findings align with existing literature on PCB persistence, industrial pollution, and ecological impacts. Given the high environmental and health risks, urgent remediation strategies and stricter regulatory enforcement are recommended to prevent further PCB accumulation and mitigate potential ecological damage.
The significant contamination levels observed at industrial sites studied may be attributed to long-term activities such as petrochemical processing, transformer oil spills, and improper disposal of paint and e-waste residues. These findings underscore the urgent need for environmental remediation efforts to mitigate potential adverse effects on ecosystems and human health.
5.0 Conclusion
The study on the ecological risks associated with PAH and PCB congeners in soil around selected industries in Rivers State reveals a significant level of contamination with these pollutants. The results show that the concentrations of PAH and PCB congeners in the soil pose risk levels that exceed the recommended limits for Risk Quotient, posing significant ecological damage to the environment and possibly human health. The study highlights the need for urgent attention to address the issue of PAH and PCB contamination in soil around industrial sites in Rivers State.
5.1 Recommendation
Based on the findings of the study, the following recommendations are made:
1. Immediate remediation of the contaminated soil is necessary to reduce the ecological risks associated with PAH and PCB congeners.
2. A regulatory framework should be established to regulate the use and disposal of substances that contain PAHs and PCBs in Rivers State.
3. Public awareness campaigns should be conducted to educate people about the ecological risks associated with PAHs and PCBs in soil around industrial sites.
4. Regular monitoring and assessment of PAHs and PCBs in the soil should be conducted to identify areas of high contamination and to develop effective remediation and management strategies.
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