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Introduction  
Urban renewal drive greeted with increasing human population and economic boom, couple with advanced 

technology, industrialization, agricultural, municipal and domestic activities, have emanated into billions of 

wastes debris littered all over the globe.  PAHs are emergent organic compounds that have attained global 

acceptance due to its carcinogenic, mutagenic and teratogenic organic constituents containing several benzene 

rings. Thus, (4–6 rings) PAHs are categorized as high and (2–3 rings) as low-molecular weight groups. 

Furthermore, PAHs are generally classified as relatively persistent organic and environmental pollutants. Hence, 

2–3 rings PAHs threaten our surrounding through domestic heating, traffic jam, refineries operations and other 

industrial proceedings (Amolo and Egede 2023). Whereas, 4–6 benzene rings PAHs are basically hazardous 

complex mixtures, bioaccumulative and semi-volatile, and persistently stockpile in the environment (soil, air, 

sediments, water, etc.) Ortega et al., 2022. Though 7,8  rings PAHs can be produced either by anthropogenic or 

naturally means, including forest fires, volcanic exhalations, diagenesis, industrial emissions, burning of biomass 

and combustion of fossil fuels, and petroleum spills. 9–11 The Σ16PAH contents have been widely reported in 

This study investigates the levels, distribution and ecological risk 

of polycyclic aromatic hydrocarbons (PAHs) in surface soils of 

some selected wastes dumpsites in Bayelsa State, Nigeria. 

Polycyclic aromatic hydrocarbons (PAHs) are petty pollutants 

frequently seen in quite a lot of vicinity that threaten the populace 

living in close proximity to them. True representative samples of 

the study and control areas were collected and analyzed for PAHs 

using Gas Chromatography– Mass Spectrometer (GC–MS). The 

analyzed PAHs concentrations varies from 40.256 mg/kg for 

Swali, 10.63549 mg/kg for Opolo, 60.91517 mg/kg for Tombia 

Round About, and 19.3009 mg/kg for Igbogene wastes dumpsites 

respectively. Moreover, the total PAHs concentrations in a given 

station were seen to be higher than the Dutch guideline maximum 

limits of 40 mg/kg although not for an individual PAHs. The 

obtained results equally showed the first and second highest single 

concentration of PAHs composite detected at an individual site for 

indeno [1,2,3-cd]pyrene (IcdP) to be 22.55850 mg/kg and 8.784 

mg/kg for fluoranthene at Tombia round about, this astronomic 

rise maybe due to its commercial nerve midpoint in Yenagoa 

Metropolis. 

 

Keywords:  Level, Distribution, Ecological risk, Bayelsa, 

Dumpsites, PAHs 



 Dr. James Thompson, Dr. Maria Rodriguez and Dr. Alexei Ivanov 

 

 

  ©2024 AYDEN Journals   

   
2   

global soil, e.g., in London (400– 67 000 ng g−1),12 Glasgow (48–51 822 ng g−1),13 Moscow (208–9604 ng 

g−1),14 Seville (89.5– 4004 ng g−1),15 Beijing, China (219–27 825 ng g−1),16 and Delhi, India (81.6–45 017 ng 

g−1). Soil is a major environmental matrix that sustains the lives of several organisms, through a direct or indirect 

means, and is a major sink for PAHs due to large areas and retention times, emanating into soil quality degradation 

globally. High molecular weight PAHs are relatively immovable, and moderately insoluble in water. PAHs are 

essentially found in the bottom sediments, thus accumulating to greater concentrations, which could be lethal to 

bottom feeders organisms like crustacean cum the environment. PAHs occur at low environmental concentrations 

due to their low biodegradability and elimination problems. Evidentially, PAHs contains bioeffects, such as 

interactive effects on hematological parameters and developmental toxicity (Edori et al., 2019).  Their emissions 

may be due to natural or anthropogenic sources. Experimentally over 500 different PAHs have been detected in 

the air. Moreover, only 16 priority PAHs have been classified by the United States Environmental Protection 

Agency (U.S. EPA) as pollutants due to their high carcinogenic, mutagenic and teratogenic properties. They 

include: naphthalene (Naph), acenaphthylene (Acy), acenaphthene (Ace), fluorene (Fluo), phenanthrene (Phen), 

anthracene (Ant), fluoranthene (Flt), pyrene (Pyr), benzo[a]anthracene (BaA), chrysene (Chry), 

benzo[b]fluoranthene (BbF), benzo[k]fluoranthene (BkF), benzo[a]pyrene (BaP), dibenzo[a,h]anthracene 

(DahA), benzo[g,h,i]perylene (BghiP), and indeno [1,2,3-cd]pyrene (IcdP). Underground/Surface soil are usually 

contaminated with PAHs via leaching from landfills, untreated wastes, petroleum spills, and fossil fuel 

combustion, which are  the main contributor to the array of public healthcare disease outbreak globally.  Humans 

living in close proximity to a waste dumpsites are inadvertently exposed to PAHs contamination through toxic 

wastes disposal at unlined dumpsite via leachates as reported by (Tang et al,. 2005). The goal of this study was to 

adopt Opolo, Swali, Igbogene and Tombia round about waste dumpsites as reference point to the detrimental 

effects of electronic and other wastes been stock in the environment daily. These dumpsites are open/unlined 

wastes dumpsite, not fit for wastes disposal or dumpage, due to its poorly structured plan for wastes reception, a 

typical scenario for waste disposal in Nigeria where prompt and adequate measures are not considered at the point 

of decision making, either as a result of poor budgetary allocation or oversight. Pollution of surface/underground 

soil, through improper wastes disposal has gain momentum since they are not regularly monitored thereby posing 

invasive public health nuisance to commuter and residences living within such vicinity. There is a rising need for 

Government at all levels from time to time to comprehensively conduct a thorough investigation as a way of 

reducing the heinous health implications associated with improper wastes disposal. Hence, this research work 

was tailored to determine the levels, distribution and ecological risk of PAHs in surface soil at some selected 

wastes dumpsites. PAHs exist in the atmosphere as vapor particle-bound phase, and a greater portion of it are 

scavenged by vegetation via dry and wet deposition. Invariably, the use of vegetation, especially trees, in the 

assessment of atmospheric PAHs concentrations has attained an enviable height for a holistic approach. Moreover, 

due to their high spatial and chronological distribution, the use of trees provides the possibility of building high-

resolution maps of air pollution to detect risk areas in urban areas. Consequently, the merit in their capability to 

hoard PAHs between tree species has been identified. The restriction of pollutants by trees take place mainly in 

the upper portion of the tree, such as leaves, stems, and barks. Customarily, several research works have been 

successfully carried out by notable authors in addressing the use of leaves/needles from diverse species of tree to 

determine the presence of PAHs in urban settlement. Stomata and outer cuticular lamellae are the main vessel for 

uptake of PAHs in the vapor phase, whereas particle-bound PAHs are heap up on the surface of leaf, Other 

vegetative parts of the tree, such as bark, have been undergoing series of studies, meanwhile recent findings have 

shown its efficacious ability to heap up PAHs due to its prominence in lipid content, permeability and almost inert 

surface. The assessment of the atmospheric PAH concentrations using the leaves and barks of different tree 

species are achievable due to recent analytical procedures. Although, quite a numbers of this procedures 

propounded in the literature vary, due to complexity of the sample matrix. However, quite a lot of steps in those 

protocols are similar, including sample pre-treatment, extraction, clean-up, pre-concentration, and chemical 
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analysis. In addendum, the mechanism of carrying out this analysis is diverse. Considering the sample 

pretreatment, some studies include the use of drying techniques such as freeze drying, stoves and ovens. 

Moreover, crushing techniques using mortars, high-speed grinders or liquid nitrogen is welcomed. Nevertheless, 

there are many works where the intact samples are used, without any prior drying or crushing treatment. The pre-

treatment step has been shown to be a tailback in achieving adequate recoveries. Consequently, it is imperative 

to pay attention to how the samples are prepared, when employing some of these methods because it may greatly 

reduce their recoveries. Regarding PAHs extraction, ultrasonic extraction, Soxhlet extraction, accelerated solvent 

extraction and microwave-assisted extraction are the most widely used method, which involve the use of different 

organic solvents for better yields.  

Materials and methods  

Study area   
Bayelsa State has eight (8) LGAs, it extends between latitude 40 15’ and 50 23’ N and longitude 50 15’ and 60 45’ 

E. Bayelsa State is located in the South-South Region of Nigeria, being the only homogeneous Ijaw speaking 

State bounded to the North by Delta state, to the East by Rivers State and to the South and West by the Atlantic 

Ocean. The state capital occupies an area of about 21,100 Km2. A swampy, mangrove and tropical rain forest, it 

is the traditional home for the Ijaw peoples, a renowned fishing  group, major exporters of palm oil and kernels, 

high Agricultural outputs and heavy exploitation of petroleum and Natural gas in large deposits. Who are prone 

to several health diseases and poverty (The daily times, 2022). The poor sanitary hygiene behavior of this region 

informed the decision to conduct this research work within the scope of four government approved wastes 

dumpsites located in Yenagoa conurbation. For this reason, the follow wastes dumpsites was preferred to be 

precise; Swali, Opolo, Tombia round about, Igbogene.  

  

  

  
Sample Collection  

Surface soil samples was collected from four Government Approved wastes dumpsites situated within Yenagoa 

Metropolis using soil auger after removing the covering wastes. A global positioning system (GPS) was used 

throughout the sampling procedure to meticulously record the sampling sites' geographical coordinates in the 

field. These samples were collected at the depth of 0-10cm Using a cleaned stainless-steel scoop, at each sampling 

site 3 subsamples were collected and then mixed together to form a true representative sample of the bulk and 

immediately place in an ice-cold box, each composite sample weighed was about 200 grams and coated straight 

away with aluminum foil, stored separately, and sealed in labeled polythene bags. The samples were subsequently 
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frozen before they were transported to the laboratory. Ahead of extraction, the samples were sealed and frozen at 

−18 °C until pre-treatment within 15 days. During the extraction and chemical analysis, the samples were 

defrosted, air-dried, and sieved through a <2 mm mesh sieve.  

Chemical analysis, Analytical procedures, and Sample preparation  

Soil samples were analyzed for the 16 USEPA priority PAHs: acenaphthene (Ace), benzo (ghi)perylene (BghiP), 

anthracene (Ant), acenaphthylene (Acy), benzo(a)anthracene (BaA), benzo(b)fluoranthene (BbF), chrysene 

(Chr), dibenzo(a,h)anthracene (DahA), benzo(k)fluoranthene (BkF), fluorene (Flo), fluoranthene (Fluo), indeno 

(1,2,3-cd) pyrene (IcdP), benzo(a)pyrene (BaP), naphthalene (Nap), pyrene (Pyr) and phenanthrene (Phe). 

Analytical procedures and sample preparation methods during this study were compared to the Dutch guideline 

maximum limits of 40 mg/kg, DPR and other notable reports. The samples were quantitatively analyzed by gas 

chromatography-mass spectrometry (GC-MS, Agilent 6890N GC5975 MSD) for the 16 PAHs.   

Sample preparation  

The method used by Olayinka et al., (2017) was adopted for sample preparation. Pebbles, rock particles and sticks 

were removed from surface soil sample prior to being air dried in the laboratory for 72 h at room temperature. To 

obtain a superior quality, the sample was pounded with a pestle and mortar and sieved through a 2 mm mesh 

sieve. Preceding the analysis, the sieved soil was eluted into disinfected amber-colored glass vials that were 

cautiously sealed and labeled before the analysis.  

PAHs extraction and clean-up from soil samples  

Determination of surface soil sample for polycyclic aromatic hydrocarbons (PAHs) were extracted using soxhlet 

extraction method as described by Edori & Iyama (2019). The extract was collected in a clean amber glass vial 

for cleaning to remove contaminants that could obstruct the analysis while using a gas chromatography column 

(GC-MS). To get rid of non-polar aliphatic hydrocarbons, the column was rinse with 10 mL of hexane, and the 

polycyclic aromatic hydrocarbon was collected by pouring the column with hexane- dichloromethane (8 mL of 

hexane and 5 mL of dichloromethane mixed together in the ratio of 3:2). The extract-containing round bottom 

flask was connected to the rotavap and then lowered into the water bath. The vacuum pump and rotation were 

turned on, and the setup was monitored until the extract in the round bottom flask reduce to about 1mL. At 

completion, the rotation was tuned off and the round bottom flask was raised out of the water bath. The vacuum 

pump was tuned off and the tap was cautiously open to release the system from the reduced pressure. The round 

bottom flask was then detached from the rotavap and the extract was eluted into an amber vial for GC-MS analysis 

of PAHs compounds. GC-MS identification and quantification of PAHs. The qualitative and quantitative analysis 

of polycyclic aromatic hydrocarbons in soil samples were carried out using the external standards approach 

described by Amolo and Victor (2023). A standard mixture of the United State Environmental Protection Agency 

(USEPA) 16 priority polycyclic aromatic hydrocarbons  

(2000μg/mL): naphthalene, acenaphthylene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, 

Pyrene, benzo[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[a]pyrene, 

dibenzo[a,h]anthracene, benzo[g,h,i]perylene and indeno[123-cd] pyrene was purchased from Sigma-Aldrich  

Lagos, Nigeria). The PAHs in the surface soil extracted sample were extracted using a gas chromatography-mass 

spectrometry Agilent GC:7890 MS. Helium was employed as the carrier gas, and the column head pressure was 

kept at 10 psi to accomplish an estimated flow rate of 1 mL/min. The injector port and transfer line were kept at 

2900C and 2500C, respectively. A measure of 1 μL volume was set as the injection volumes in a splitless mode. 

The initial column temperature was held at 700C for 4 minutes while it was steadily increasing to 3000C. In 
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conclusion, the temperature was kept at 3000C for 10 minutes. A 70 eV electron beam was used to ionize PAHs. 

Ions were separated using a single quadrupole and detected using an electron multiplier detector. The detector 

was set to obtain ions using the selected ion monitoring (SIM) mode. The mass range of 50-400 m/z was used to 

produce all spectra. The PAHs in the wastes dumpsite unhygienic soil sample were analyzed using a retention 

time and mass spectral match against the calibration standard. Correspondingly, the external standardization 

method of the generated calibrations curve of the USEPA sixteen (16) priority PAHs standard blend was used to 

quantify the USEPA sixteen (16) priority PAHs there in the sample. Evaluation of carcinogenic strength of the 

soil samples collected from each waste dumpsite. The carcinogenic potency of PAHs was estimated by calculating 

the concentrations of individual carcinogenic PAHs in stipulations of benzo(a)pyrene equivalent (BaPeq), 

otherwise called total BaP equivalent quotient (TEQ), and multiplying by the corresponding toxic equivalency 

factor (TEF) values proposed by Nisbet and LaGoy, (1992), as derived in Equation 1.    

Total BaP Equivalent Quotient (TEQ) =Ʃ(Ci x TEFi) 1 Where:  

Ci= Concentration of individual PAHs.  

TEFi= Corresponding toxic equivalency factor (TEF).  

 where naphthalene (Nap), acenaphthylene (Apt), acenaphthene (Aph), fluorine (Flu), phenanthrene (Phe), 

anthracene (Ant), fluoranthene (Fla), pyrene (Pyr), benzo(a)anthracene (Ban), chrysene (Chy), 

benzo(b)fluoranthene (Bbf ), benzo(k) fluoranthene (Bkf ), indeno(1,2,3-cd)pyrene (Idp), 

dibenzo(a,h)anthracene (Dbh), standard deviation (STD),  

 
RESULTS  

The experimental PAHs results obtained for surface soil samples was given in their mean concentration of the 

USEPA 16 priority PAHs analyzed across the wastes dumpsite as shown in Table 1. The mean concentration of 

the USEPA 16 priority PAHs analyzed during this study varied from 0.24280 ppm (Fluoranthene) to 22.55850 

ppm (Indeno(123-cd)pyrene). Naphthalene, Anthracene, Acenaphthylene, Acenaphthene, Benzo(ghi)perylene, 

and Benzo(b) fluoranthene etc, were not detected in most cases during this study. Furthermore, the sum total of 
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the PAHs (∑16 PAHs=131.1076 ppm) recorded in this study was found to exceed the DPR (2002) target value 

of 1 ppm but above the intervention limit of 40 ppm for soil contaminated along wastes dumpsite. 

Correspondingly, the concentration levels of Acenaphthylene (9.2285 ppm), chrysene (7.8343 ppm), fluorene 

(6.6757 ppm) and Benzo(a) pyrene (5.6109 ppm)) were found to surpass the maximum permissible limits of 0.690 

ppm, 0.340 ppm and 1.060 ppm respectively set aside by the Dutch government for wastes dumpsite soils. Using 

Analysis of Variance (ANOVA), there was a momentous difference (p-value= 0.000) among the USEPA 16 

Priority PAHs (P ≤ 0.05). The fraction circulation of PAHs concentrations (with respect to LMW and HMW 

PAHs) within  

 
The obtained result indicates that the concentrations of naphthalene (1.1605 ppm), phenanthrene (1.1079 ppm) 

and Anthracene (1.0766 ppm) were found to exceed the maximum permissible standard of 0.690 ppm, 1.060 ppm 

and , 0.340 ppm respectively set aside by the Dutch government for wastes dumpsite contaminated soils. Using 

Analysis of Variance (ANOVA), there was a significant difference (p- value= 0.000) among the USEPA 16 

PriorityPAHs (P ≤ 0.05). The percentage distribution of PAHs concentrations (with respect to LMW and HMW 

PAHs) in the study area was presented in Figure 3. The result indicates that the concentrations distribution of 

USEPA 16 priority PAHs in the study area was dominated by HMW PAHs in percentage distribution of 75% 

whilst the percentage distribution of LMW was 25%. Correspondingly, the estimation of carcinogenic potency of 

USEPA sixteen (16) PAHs analyzed from four wastes dumpsites surface soil sample were presented in Table 2. 

The result revealed that, the individual TEQ values (B[a]Peq) of the USEPA 16 Priority PAHs analyzed in this 

study anticipated from the TEF values ranges from 0.00047 ppm (Pyrene) to 6.83 ppm (Dibenzo (a,h) 

anthrathene). The result also revealed that the TEQ (∑B[a]Peq) of the USEPA 16 priority PAHs within the period 

of investigation was 8.95178 ppm (895.178%) which was observed to be higher than the Canadian TEQ 

the study  vicinity   could be   accessible   in   Figure 3 .    

  

Fig 3 . The percentage distribution of PAHs concentrations   

75  %  

25  %  

LMW PAHs (2 - 3   Rings) 25%  

HMW PAHs (4 

6   Rings) 75%  
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(∑B[a]Peq) standard of 0.6 ppm. There was a significant difference (p-value= 0.000) among individual TEQ 

values (B[a]Peq) of the USEPA 16 priority PAHs investigated in this study using analysis of variance (ANOVA) 

(P ≤ 0.05).  

Table 2: Estimation of carcinogenic potency of USEPA sixteen (16) PAHs analyzed from four wastes dumpsites  

 
PAHs  Numb Molecul TEF  TEQ  TEQ% Canadian  ANOV 

er  ar  TEQ(∑B[a]Pe A  

of  Weight  q)  P-  

Rings  Standard  value  

(ppm)  

 
Naphthalene  2  128.2   0.00 

1  

0.0000 

0  

0.000  0.6  0.000  

Acenaphthylene  3  152.2  0.00 

1  

0.0060 

9  

0.609      

Acenaphthene  3  154.2  0.00 

1  

0.0000 

0  

0.000      

Fluorene  3  166.2  0.00 

1  

0.0000 

0  

0.000      

Phenanthrene  3  178.2  0.00 

1  

0.0030 

9  

0.309      

Anthracene  3  178.2  0.01  0.0000 

0  

0.000      

Fluoranthene  4  202.3  0.00 

1  

0.0052 

4  

0.524      

Pyrene  4  202.3  0.00 

1  

0.0004 

7  

0.047      

Chrysene  4  228.3  0.00 

1  

0.0074 

1  

0.741      

Benzo(a)anthracene  4  228.3  0.01  0.0486 

2  

4.862      

Benzo(k)fluoranthen 

e  

5  252.3  0.1  0.1721  17.21      

Benzo(b)fluoranthen 

e  

5  253.3  0.1  0.3253  32.53      

Benzo(a)pyrene  5  252.3  0.1  0.5118  51.18      

Indeno(123cd)pyrene  
6  276.3  0.1  0.9976  99.76      

Dibenzo(a,h)anthrath ene  
6  278.4  5  6.83  68.3      

Benzo(ghi)perylene  6  276.3  0.01  0.0440 

6  

4.406      

Total TEQ (∑ B[a]Peq)  

      8.9517 

8  

895.17 

8  

    

 
Key: TEF: Toxic Equivalency Factor (TEF); TEQ: Total BaP Equivalent Quotient (∑B[a]Peq);**: Canadian TEQ (∑B[a]Peq) 

standard Yu et al. (2020); TEF values by Nisbet and LaGoy, (1992).  
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DISCUSSION  

Leveraging on their abundance, immovability, and durable enrichment in soils, PAH compounds were thought to 

be an exceptional reservoir of organic pollutants, together with their soil system (Edori et al., 2019). Despite the 

insinuation that there are over 500 different PAHs, off which the USEPA recognized 16 priority pollutants in 

1970s due to their doggedness, noxious effects within the environment and experimental attributes (Krauss, 2005). 

Recall Ekpete et al. (2019) put forward that the 16 priority PAHs should be routinely beleaguered for assessment 

and monitoring while affirming de facto global standard. The analyzed PAHs concentrations were moderately 

lower than those of Ortega et al., 2022 in their study, Determination of polycyclic aromatic hydrocarbons extracted 

from lichens by gas chromatography–mass spectrometry, but higher in quantity when compared to concentrations 

reported by Nuerla et al. (2022) during their study, Levels, sources, and risk assessment of PAHs residues in soil 

and plants in urban parks of Northwest China. The concentration levels of acenaphthylene (9.2285 ppm), chrysene 

(7.8343 ppm), fluorene (6.6757 ppm) and Benzo(a) pyrene (5.6109 ppm) were found to exceed the maximum 

permissible limits of the Dutch government using the Dutch Government (NMHE, 1994) standard. This arose 

tempers and worries when compared with Nisbet and LaGoy (1992); Obayori et al. (2017); Protano et al., (2014); 

Rodriguez et al. (2010); and Alexandrino et al. (2022) affirmed that these individual PAHs have the prospective 

to cause cancer thereafter bioaccumulation in living cells of most organisms at an elevated concentrations. In 

order to buttress, the appreciably soaring abundance of the aforesaid PAHs (naphthalene, anthracene, and 

phenanthrene) indicates that they were chiefly from low and reasonable temperature incineration processes, as 

opposed to earlier report by Guo et al. (2011). Paradoxically, the percentage ring shrewd allotment of PAHs in 

this psychoanalysis showed a prevalence of HMW PAHs (75%) over LMW PAHs (25%), signifying current 

authentication of these compounds. In the nutshell, Li et al. (2006) establish that LMW PAHs are habitually 

associated with petroleum spillages (petrogenic sources), which gives credits to this study. In an affirmative report 

by Amolo and Egede (2023), they attribute the occurrences of HMW PAHs in the environment to unfinished 

incineration of fossil fuels such as crude oil and natural gas (pyrogenic sources). Thus, the resultant analysis 

postulation was both petrogenic and pyrogenic in nature, as previously reported by both Edori et al. (2019) and 

Ekpete et al. (2019). Also recalling, Ekanem et al. (2019), PAHs habitually accumulate in surface soil as a result 

of adsorption due to their persistence and similarity for soil organic matter. The total amount of the 16 priority 

PAHs (16 PAHs= 131.1076 ppm) observed in this study exceeded the permissible limits of 1 ppm thereby  

surpassing the intervention threshold of 40 ppm set by DPR, 2002 for secure industrial soils. These insinuate that 

the surface soil sample collected at various wastes dumpsite were severely contaminated with PAHs debris littered 

all over the dumpsite. As a result, the sum total of the 16 priority PAHs (16 PAHs) gotten during this study was 

observed to be more than the 112.981 ppm concentration reported in Concentrations of polycyclic Aromatic 

hydrocarbons from selected dumpsites within Port Harcourt Metropolis, Rivers State, Niger Delta, Nigeria by 

Ekpete et al. (2019). While, Emoyan et al. (2011) observed values were more than the 0.82 ppm concentration 

reported in soils from a petroleum polluted site in Abraka River, Delta State, Nigeria. Thus, categorized soil 

pollutions of PAHs into four categories based on the 16  

USEPA priority contaminants (∑16PAHs) namely; uncontaminated (less than 0.2 ppm), feebly contaminated 

(0.2- 0.6 ppm), contaminated (0.6- 1 ppm) and sternly contaminated (1 ppm and above). According to this 

classification, the sampling stations was sternly infected with PAHs (16 PAHs= 131.1076 ppm), inserting it 

unhealthy for agricultural utilization connoting human health risk, as well as cancerous, as envisaged by Bandowe 
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et al. (2021). PAH-contaminated soils have previously been linked to human health risks, stunted plants growth, 

aquaculture depletion, livestock disorderliness, and wildlife strain, as well as ecotoxicological risks to the soil 

biome (CCME, 2010; IARC, 2010). On the side line, Blasco et al. (2022) emphatically agreed to the fact that 

physical risk condition appraisal unified with PAHs absorption in soil habitually based on Benzo[a]pyrene 

(B[a]Peq) concentrations. This may be due to the fact that (B[a]Peq) has been extensively analyzed and establish 

to be tremendously carcinogenic (Liu et al., 2010). Recalling, WHO (2017), a benzo[a]pyrene concentration of 

0.7 ppm correlates to a natural life cancer risk. Thus, the BaP-equivalent (B[a]Peq) is used to appraise 

carcinogenic risk from PAH-contaminated soil (Adeniyi et al., 2021). Depicting that B[a]Peq does not only 

associate with the risk of B[a]P but equally calculates each carcinogenic potencies of every PAHs, whereas the 

carcinogenic potency of both PAH is projected in relation to the carcinogenicity of B[a]P (Adeniyi et al., 2021).  

Interestingly this findings recognize B[a]P as the chief carcinogenic factor (Sule et al., 2023). Hence, the toxicity 

equivalency factors (TEFs) developed by Nisbet and LaGoy (1992) and used by Sule et al. (2023) and Edori et 

al. (2019) were used to quantify and estimate the carcinogenic potential of other individual PAHs by multiply 

their concentrations by their suitable TEF values. The total benzo[a]pyrene different concentration (B[a]Peq) of 

the observed PAHs during the research was calculated as 8.95178 ppm, representing an abruptly high carcinogenic 

potency based on the Canadian soil environmental excellence B[a]Peq standard of 0.6 ppm stipulated for 

PAHpolluted soil, therefore depicting noxious carcinogenic risk (Amolo et al., 2023). In Conglomeration, as 

prohibited debris continue to pile up along various unlined wastes dumpsite in the city of Yenagoa for more than 

the stipulated days is required to stay thereby decaying before evacuation. More and more depleting wastes 

products will continually litter the city, producing detrimental wastes all over its environed if not adequately 

check. At the tail end, PAHs contaminations should be routinely beleaguered for assessment and monitoring.  

CONCLUSION  

The soil sample analyzed during this research indicates that the 16 USEPA priority PAHs were present. 

Comparably, it was revealed that the total amount of the 16 USEPA priority PAHs measured in the surface soil 

samples (16 PAHs=60.91517 mg/kg) exceeded the DPR (2002) target value of 1 ppm but fell dumpy of the 40 

ppm interference value. Furthermore, it was evidential that the concentrations of Acenaphthylene (9.2285 ppm), 

chrysene (7.8343 ppm), fluorene (6.6757 ppm) and Benzo(a) pyrene (5.6109 ppm)) were found to surpass the 

Dutch government's maximum permitted standard. On the other hand, due to the estimated benzo[a]pyrene 

equivalent (B[a]Peq] value of 8.95178 ppm obtained during this research, the estimated B[a]Peq value showed 

an abrupt increase of carcinogenic potency based on the Canadian soil environmental quality B[a]Peq standard 

of 0.6 ppm maximum permissible limits for wastes polluted soil by PAHs, invariably posing huge carcinogenic 

risk.  
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