POLYCYCLIC AROMATIC HYDROCARBON AND POLYCHLORINATED BIPHENYL CONGENERS IN SOIL SAMPLES COLLECTED FROM SELECTED INDUSTRIAL SITES IN RIVERS STATE
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Abstract
This study investigated the levels of Polycyclic Aromatic Hydrocarbon (PAH) and Polychlorinated biphenyl (PCB) congeners in soil samples collected from selected industrial sites in Rivers State, Nigeria. A total of 10 samples were collected from four different industrial sites and a non-industrial area. The samples were analyzed for PAH and PCB congeners using Gas Chromatography-Mass Spectrometry (GC-MS). The results showed that the levels of PAH and PCB congeners in the soil samples were significantly higher than the background levels. Mean PAH concentrations of the samples ranged from 0.24mg/kg to 37.08mg/kg, while mean PCBs concentrations ranged from 0.72mg/kg to 7.01mg/kg. The dominant PAHs congeners were benzo(a)pyrene, benzo(b)fluoranthene, and indeno(1,2,3-cd)pyrene, while the dominant PCBs congeners were 4,4'-Dichlorobiphenyl,  2,2',3,4,4',5',6-Heptachlorobiphenyl, 2,2',3,4,4',5',6-Heptachlorobiphenyl, and 2,2',3,3',4,5,6,6'-Octachlorobiphenyl. Results obtained from this study suggest that industrial activities in Rivers State contribute significantly to contamination of the soil with PAH and PCB congeners, which can have adverse environmental and health impacts.
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1.0 Introduction
Polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) are two categories of persistent organic pollutants (POPs) often used in various industrial contexts (WHO, 2010; EPA 2017).    Many individuals are concerned about them because of their frequency and potential detrimental effects on the environment and public health.    Concerns exist over the environmental dispersion of these poisons, their mobility, and their impact on populations, particularly in soil next to industrial zones.
1.1 Polycyclic Aromatic Hydrocarbons (PAHs).
Polycyclic aromatic hydrocarbons (PAHs) are produced during the incomplete combustion of fossil fuels.      Polycyclic aromatic hydrocarbons (PAHs) are aromatic hydrocarbons with two or more interconnected benzene rings that may be configured in various arrangements (Nguyen et al., 2014; Sharma, 2014).     They lack any heteroatoms or substituents.      Light PAHs possess up to four rings, while heavy PAHs have more than four rings.      Kuppusamy et al. (2016) discovered that heavy polycyclic aromatic hydrocarbons (PAHs) exhibit greater stability and pose a greater risk than light PAHs.      Polycyclic aromatic hydrocarbons (PAHs) consist solely of carbon and hydrogen atoms interconnected in various ring configurations.     The benzene rings exhibit distinct physical, chemical, and biological properties from one another.

1.2 Polychlorinated Biphenyls (PCBs)
Polychlorinated biphenyls (PCBs) are a significant category of compounds that were produced extensively for various commercial applications from the 1930s to the 1970s.    The majority of their environmental dissemination originates from industrial applications (Jones and De Voogt, 1999).    Polychlorinated biphenyls (PCBs), synthetic compounds, were extensively used as coolants and insulators in electrical apparatus (EPA, 2017). 
   In the 1970s, the manufacturing and use of PCBs were prohibited due to evidence of their detrimental effects on the environment and on human and animal health (Langer, 2005).    Due to their lipophilicity, they may accumulate in cells, ascend the food chain, and persist in soils, sediments, and water for extended periods (Mackay et al., 1997).    Indigenous marine and soil species may lack the capacity to rapidly degrade PCBs, which might be the primary cause for their persistence in the environment.
   In the 1970s and 1980s, several nations implemented stringent regulations regarding the use and disposal of PCBs.    Consequently, their environmental impact has significantly diminished.  Nonetheless, PCBs continue to be discharged from contaminated aquatic environments such as lakes and marine sediments.    Recent studies indicate that contaminated regions may emit significant quantities of persistent organochlorines into the atmosphere, which might then disperse globally (Langer, 2005).    Many of them deteriorate with time, causing harm to animals and plants, which is detrimental to the ecosystem.    Research on PCB concentrations in many environmental sectors has been conducted for several years; nonetheless, there is an insufficiency of accurate data about PCB contamination, and the little information available is subject to significant scrutiny. 
The majority of individual chlorobiphenyls exist as solids at ambient temperature.    They exhibit poor electrical conductivity, possess a high flash point (170–380°C), and have significant resistance to heat and chemicals.
   Polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) are recognised as hazardous substances associated with carcinogenicity and many health and environmental issues (IARC, 2010; ATSDR, 2015).    The extensive use of PAHs and PCBs in manufacturing has resulted in significant contamination of terrestrial, aquatic, and atmospheric environments (Kisku et al., 2017).    Nwachukwu et al. (2010) assert that the oil and gas sector in Nigeria, in conjunction with other sectors, is a significant producer of PAHs and PCBs.    Among the principal oil-producing states in Nigeria, Rivers State is more susceptible to environmental degradation caused by industrial facilities (Osuji et al., 2015).
   Soil contamination with PAHs and PCBs is a significant issue due to its enduring impacts on human and environmental health (Baird et al., 2017).    Polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) may persist in the environment for extended periods; nevertheless, flora and fauna can assimilate them, potentially introducing these compounds into the food chain (Wang et al., 2016).    Cancer, reproductive and developmental issues, and damage (Lauby-Secretan et al., 2013) are among the health concerns associated with PAHs and PCBs.
   Exposure to PAHs and PCBs presents certain dangers; nevertheless, the extent and locations of these chemicals in the area around workplaces in Rivers State remain unknown (Nwachukwu et al., 2010).    This research aims to quantify the levels of PAH and PCB congeners in soil samples from several industrial locations in Rivers State and to investigate their potential environmental and health impacts.
   Polycyclic Aromatic Hydrocarbons (PAHs) and Polychlorinated Biphenyls (PCBs) are two categories of Persistent Organic Pollutants (POPs) that have been extensively researched in environmental studies.
a. Sources of PAHs and PCBs
PCBs are synthetic compounds extensively used as insulators and coolants in electrical apparatus.  Polycyclic aromatic hydrocarbons (PAHs) are produced during the incomplete combustion of fossil fuels (WHO, 2010).    Industrial activities such as oil refining, petroleum extraction, lubricant manufacturing, and electronics manufacture are significant contributors to the environmental presence of PAHs and PCBs (Kisku et al., 2017; Nwachukwu et al., 2010).
b. Environmental Fate and Transport
Polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) have prolonged environmental persistence and may disseminate via soil, water, air, and other mediums (Baird et al., 2017; Wang et al., 2016).    The contamination of the ground with PAHs and PCBs is alarming due to its enduring impact on human and animal health (Lauby-Secretan et al., 2013).
c. Human Health Impacts
Cancer, reproductive and developmental issues, and neuronal impairment are among the health concerns associated with PAHs and PCBs (ATSDR, 2015; IARC, 2010).    The International Agency for Research on Cancer (IARC) has said that some polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) are carcinogenic to humans (IARC, 2010).
d. Remediation and Management
Soil contaminated with PAHs and PCBs may be remediated using many methods, including excavation, bioremediation, and chemical treatment.    The efficacy of these technologies will be contingent upon the particular characteristics of the location and the contaminants present (Kang et al., 2018).
   Researchers have investigated the PAH and PCB congeners present in water, soil, sediment, and components of ecosystems.    Van der Wat and Forbes (2015) used lichens as biomonitors for semi-volatile organic air pollutants, particularly polycyclic aromatic hydrocarbons (PAHs), due to their ability to detect varying pollution levels, longevity, and capacity to indicate the presence and concentrations of PAHs.       Soxhlet and ultrasonic-assisted extractions are mostly used to get analytes from plants for environmental research.     Consequently, lichens have lately gained widespread recognition globally.       The majority of PAH profiles consist of phenanthrene, fluoranthene, naphthalene, and pyrene.  Nonetheless, lichens from various sites exhibit differing total PAH concentrations, notwithstanding the prevalence of 2- and 3-ring PAHs over 6-ring PAHs.       Accurate and reliable methods for detecting organic pollutants in lichens would facilitate the comparison of data across several investigations.
      Rahmanpour et al. (2014) identified polycyclic aromatic hydrocarbons (PAHs) in four fish species from the Persian Gulf, representing various trophic levels.       Snyder and West.  Wei et al. (2015) investigated both solid and gaseous states, identifying 29 parent and alkyl polycyclic aromatic hydrocarbons (PAHs), 15 oxygenated PAHs (OPAHs), 11 nitrated PAHs (NPAHs), and 4 azaarenes (AZAs) in the atmosphere.  They also identified organic carbon, elemental carbon, char, and soot associated with the particles. 
      Polycyclic aromatic hydrocarbons (PAHs) are present in home dust (Iwegbue 2014; Qi et al., 2014; Yang et al., 2015).       In several African nations, such as Nigeria, the extent of PAH contamination in the soil next to commercial establishments remains ambiguous.

3.0 Material 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 (4°54'05"N 6°54' 6.150"E). The sample for the control was collected in Elekahia residential area (4°49'20"N 7°01’22.132"E).

3.2 Industrial Activities in Study Sites
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. Illegal electronic waste dumps exist within the market which can be a source of contamination to the ecology and humans. 
Indorama Petrochemicals Company is situated in 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 PHED Transformer Oil Storage site is located along Rukpoku in Obio Akpor LGA of Rivers State. It is a Depot that stores transforemer 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, in Emuoha LGA of Rivers State. This factory/paint laboratory specializes in 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. Several chemical components are employed in the manufacture of the paint products including surfactants, co-solvents, defoamers, biocides etc.

3.2Determination of Analytes
The determination of PAH and PCB congeners was carried out at Tidalflow Nigeria Limited Laboratory Department., Port Harcourt. 
[bookmark: _Toc48056670]3.3	Sample Preparation
The soil samples were dried at room temperature for 5-8 days. On confirmation that the samples are dried, they were ground using a ceramic mortal, sieved (212µm) and kept at 4oC prior to chemical analysis. 
3.4	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, 20ml 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 1-2hours.
3.5	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, 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 25minutes. 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.

4.0 Results and Discussions
Concentrations of Polycyclic Aromatic Hydrocarbon (PAH) Congeners in Samples obtained from Control Site. 
[bookmark: _Hlk168587482]The concentrations of various Polycyclic Aromatic Hydrocarbons (PAHs) detected in the control soil sample are shown in Table 1. In the topsoil soil sample, PAH concentrations were below detection limit. Similarly, subsoil samples gave concentration of PAH congeners that were below detection limit.






Table 1:	Concentrations of Polycyclic Aromatic Hydrocarbon (PAH) Congeners in Control Samples
	
	
	Topsoil sample
	Subsoil sample

	S/N
	    Compound
	Concentration (ppm)
	Concentration (ppm)

	1
	Naphthalene
	<0.01
	<0.01

	2
	Acenaphthylene
	<0.01
	<0.01

	3
	Acenaphthene
	<0.01
	<0.01

	4
	Fluorene
	<0.01
	<0.01

	5
	Phenanthrene
	<0.01
	<0.01

	6
	Anthracene
	<0.01
	<0.01

	7
	Fluoranthene
	<0.01
	<0.01


	8
	Pyrene
	<0.01
	<0.01

	9
	Benz[a]anthracene
	<0.01
	<0.01

	10
	Chrysene
	<0.01
	<0.01

	11
	Benzo[b]fluoranthene
	<0.01
	<0.01

	12
	Benzo[k]fluoranthene
	<0.01
	<0.01

	13
	Benzo[a]pyrene
	<0.01
	<0.01

	14
	Dibenz(a,h)anthracene
	<0.01
	<0.01

	15
	Indeno(1,2,3-cd)pyrene
	<0.01
	<0.01

	  16
	Benzo[g,h,i]perylene
Total
	<0.01
<0.01
	<0.01
<0.01








	[bookmark: _Hlk168675609]Compound
	Electronic Site (Topsoil)
	Electronic
Site (Subsoil)
	Petrochemical
Industrial site
(Topsoil)
	Petrochemical
Industrial site
(Subsoil)
	Transformer
Oil Storage
Site (Topsoil)
	Transformer
Oil Storage
Site (Subsoil)
	Paint Company (Topsoil)
	Paint Company (Subsoil)

	Naphthalene
	0.13
	0.14
	1.43
	1.76
	0.02
	0.02
	0.03
	0.03

	Acenaphthylene
	0.13
	0.12
	2.01
	2.61
	0.03
	0.05
	0.03
	0.03

	Acenaphthene
	0.34
	0.35
	1.92
	2.01
	0.01
	0.01
	0.10
	0.19

	Fluorene
	0.25
	0.25
	2.13
	3.07
	0.01
	0.06
	0.05
	0.15

	Phenanthrene
	0.10
	0.11
	4.05
	5.15
	0.01
	0.05
	0.01
	0.10

	Anthracene
	0.31
	0.90
	1.43
	2.23
	0.02
	0.02
	0.01
	0.01

	Fluoranthene
	0.02
	0.02
	0.91
	1.09
	0.01
	0.04
	0.02
	0.02

	Pyrene
	0.41
	0.41
	1.89
	2.59
	0.01
	0.01
	0.41
	0.51

	Benz[a]anthracene
	0.05
	0.09
	1.93
	2.64
	0.02
	0.09
	0.03
	0.05

	Chrysene
	0.03
	0.23
	3.43
	4.03
	0.01
	0.06
	0.03
	0.05

	Benzo[b]fluoranthene
	0.03
	0.18
	2.71
	3.01
	0.03
	0.03
	0.01
	0.03

	Benzo[k]fluoranthene
	0.12
	0.12
	2.02
	2.12
	0.01
	0.04
	0.02
	0.03

	Benzo[a]pyrene
	0.06
	0.06
	0.50
	1.31
	0.01
	0.03
	0.02
	0.05

	Dibenz(a,h)anthracene
	0.02
	0.22
	0.31
	0.71
	0.01
	0.01
	0.01
	0.05

	Indeno(1,2,3-cd)pyrene
	0.02
	0.02
	0.27
	1.77
	0.01
	0.01
	0.01
	0.04

	Benzo[g,h,i]perylene
Total
	0.04
2.06
	0.06
3.26
	0.52
27.46
	0.98
37.08
	0.02
0.24
	0.04
0.57
	0.03
0.82
	0.09
1.43





Table 2: Mean Concentrations of Polycyclic Aromatic Hydrocarbons (PAHs) in all 











Polycyclic Aromatic Hydrocarbon (PAH) Congeners concentrations in all industrial sites sampled.
The concentrations of various Polycyclic Aromatic Hydrocarbons (PAH) congeners detected in the topsoil and subsoil samples from the different industrial sites are shown in Table 1. The PAH congener with the highest concentration in the electronic site was observed for Anthracene in the subsoil sample with a concentration of 0.90ppm. Samples from Petrochemical site had the highest concentration for PAH congeners in Phenanthrene with a concentration value of 5.15ppm. The transformer oil storage site had the highest concentration of 0.09ppm in Benz(a)anthracene while the Paint industry recorded a concentration of 0.51 for the PAH congener Pyrene.
The mean concentrations of PAH congeners in the various industrial sites evaluated ranged from 0.24mg/kg to 37.08mg/kg. The lowest concentration of PAH was recorded in the topsoil sample obtained from the Transformer oil storage depot at 0.24mg/kg. Topsoil sample from the electronic site had a concentration of 2.06mg/kg while the sub-surface soil sample had a concentration of 3.26mg/kg. Topsoil sample from the Petrochemical industrial site recorded a PAH concentration of 27.46mg/kg while the subsoil sample gave 37.08mg/kg. Similarly, topsoil sample from the Transformer oil storage site recorded a PAH concentration of 0.24mg/kg while that of the subsoil sample recorded a value of 0.57mg/kg. Additionally, topsoil sample from the paint company had a PAH concentration of 0.82mg/kg and a value of 1.43mg/kg for the subsoil sample.
Result of Polychlorinated Biphenyl (PCB) 
4.1.2	Concentration of Polychlorinated Biphenyl (PCB) Congeners in Control Sample.
The result presents the concentrations of Polychlorinated Biphenyl (PCB) congeners observed in topsoil and subsoil samples obtained from the Control site. All PCB congeners, ranging from 4,4’-Dichlorobiphenyl to Decachlorobiphenyl had concentration value below detection limit of >0.01mg/kg, thus were Not Detected (ND). 
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Table 3:	Concentrations of Polychlorinated Biphenyl (PCB) Congeners in Control Soil Sample	
	
	
	Topsoil sample
	Subsoil sample

	S/N
	Compound
	Concentration (ppm)
	Concentration (ppm)

	1
	4,4'-Dichlorobiphenyl
	ND
	ND

	2
	2,3,4,4',5-Pentachlorobiphenyl
	ND
	ND

	3
	2,2',3,3',4,5-Hexachlorobiphenyl
	ND
	ND

	4
	2,2',3,4,4',5-Hexachlorobiphenyl
	ND
	ND

	5
	2,2',4,4',5,5'-Hexachlorobiphenyl
	ND
	ND

	6
	2,2',3,3',4,4',6-Heptachlorobiphenyl
	ND
	ND

	7
	2,2',3,4,4',5',6-Heptachlorobiphenyl
	ND
	ND

	8
	2,2',3,4,5,5',6-Heptachlorobiphenyl
	ND
	ND

	9
	2,3,3',4,4',5,5'-Heptachlorobiphenyl
	ND
	ND

	10
	2,3,3',4,4',5,6-Heptachlorobiphenyl
	ND
	ND

	11
	2,2',3,3',4,5,6,6'-Octachlorobiphenyl 
	ND
	ND

	12
	2,2',3,3',4,5,5',6-Octachlorobiphenyl
	ND
	ND

	13
	2,2',3,3',4,4',5,5',6- Octachlorobiphenyl
	ND
	ND

	14
	Decachlorobiphenyl
Total
	ND
ND
	ND
ND


*ND= Not Detected












Table 4: Concentrations of Polychlorinated Biphenyl (PCB) in all Sample areas

	[bookmark: _Hlk168738175]S/N
	Compound
	Electronics market
Topsoil
	Electronics market Subsoil
	Petro-chemical industry Topsoil 
	Petro-chemical industry Subsoil
	Transf-ormer oil depot Topsoil
	Transf-ormer oil depot Subsoil
	Paint Company Topsoil
	Paint Company Subsoil

	1
	4,4'-Dichlorobiphenyl
	0.09
	0.11
	0.53
	0.72
	0.04
	0.09
	0.22
	0.52

	2
	2,3,4,4',5-Pentachlorobiphenyl
	0.22
	0.29
	0.29
	0.49
	0.05
	0.07
	0.09
	0.39

	3
	2,2',3,3',4,5-Hexachlorobiphenyl
	0.09
	0.21
	0.16
	0.26
	0.11
	0.15
	0.21
	0.51

	4
	2,2',3,4,4',5-Hexachlorobiphenyl
	0.25
	0.34
	0.40
	0.40
	0.04
	0.18
	0.31
	0.36

	5
	2,2',4,4',5,5'-Hexachlorobiphenyl
	0.08
	0.17
	0.24
	0.92
	0.04
	0.04
	0.09
	0.14

	6
	2,2',3,3',4,4',6-Heptachlorobiphenyl
	0.08
	0.23
	0.34
	1.14
	0.06
	0.13
	0.05
	0.20

	7
	2,2',3,4,4',5',6-Heptachlorobiphenyl
	0.07
	0.14
	0.67
	0.93
	0.05
	0.15
	0.07
	0.35

	8
	2,2',3,4,5,5',6-Heptachlorobiphenyl
	0.12
	0.18
	0.19
	0.19
	0.09
	0.13
	0.08
	0.12

	9
	2,3,3',4,4',5,5'-Heptachlorobiphenyl
	0.08
	0.10
	0.43
	0.43
	0.03
	0.10
	0.14
	0.22

	10
	2,3,3',4,4',5,6-Heptachlorobiphenyl
	0.15
	0.17
	0.21
	0.31
	0.07
	0.11
	0.19
	0.32

	11
	2,2',3,3',4,5,6,6'-Octachlorobiphenyl
	0.14
	0.18
	0.12
	0.42
	0.04
	0.09
	0.09
	0.10

	12
	2,2',3,3',4,5,5',6-Octachlorobiphenyl
	0.12
	0.16
	0.12
	0.22
	0.06
	0.11
	0.24
	0.31

	13
	2,2',3,3',4,4',5,5',6-Octachlorobiphenyl
	0.03
	0.13
	0.19
	0.29
	0.02
	0.06
	0.08
	0.10

	14
	Decachlorobiphenyl
Total

	0.06
1.58
	0.18
2.59
	0.20
4.09
	0.29
7.01
	0.02
0.72
	0.05
1.46
	0.11
1.97
	0.21
3.85












Concentrations of Polychlorinated Biphenyl (PCB) Congeners in Soil Samples from all Industrial Sites.
Results obtained for the concentration of polychlorinated biphenyls (PCBs) across different sample areas, viz: the Electronics market, Petrochemical Industry, Transformer Oil Storage site, and Paint Company are shown in Table 4. The results indicate that the highest total PCB concentration was found in the Petrochemical Industry sub-surface soil (7.01mg/kg), followed by its surface soil (4.09mg/kg), suggesting significant contamination, particularly in deeper soil layers. In contrast, the Transformer Oil Depot surface soil had the lowest total PCB concentration (0.72 mg/kg), indicating minimal contamination, though the sub-surface soil showed a slightly higher concentration (1.46 mg/kg).
5.0 Conclusion and Recommendations
5.1 Conclusion
Polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PCBs) are persistent and toxic pollutants that can have significant environmental and health impacts. The literature review has shown that PAHs and PCBs can contaminate soil through various sources, including industrial activities, waste disposal, and atmospheric deposition. The review has also highlighted the importance of remediation and management strategies for PAH- and PCB-contaminated soil.
5.2 Recommendation
Based on the literature review, the following recommendations are made:
1. Regular soil testing should be conducted to monitor PAH and PCB levels in soil, particularly in areas with high industrial activity.
2. Remediation technologies, such as bioremediation and chemical treatment, should be used to clean up PAH- and PCB-contaminated soil.
3. Proper waste management practices should be implemented to prevent PAH and PCB contamination of soil.
4. Policies should be developed to regulate the use and disposal of PAHs and PCBs, and to provide guidelines for remediation and management of contaminated soil.
5. Public awareness campaigns should be conducted to educate people about the risks associated with PAH and PCB contamination of soil.
6. Collaboration between government agencies, industries, and communities is necessary to develop effective strategies for managing PAH- and PCB-contaminated soil
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