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INTRODUCTION 
Polycyclic aromatic hydrocarbons (PAHs) and 
other harmful compounds have been released 
into the environment as a result of petroleum 
spills in Nigeria, where petroleum exploration is 
a major economic activity (Nwankwoala et al., 
2020). According to Iwegbue et al. (2016), the 
volume of petroleum spillages is projected to 
be over 600,000 metric tons per year. Also, 
Emoyan (2020) stated that the discharge of 
petroleum to the environment, whether 
unintentionally or as a result of human 
activities such as oil bunkering resulting in 
petroleum spillages, is a major cause of soil 
contamination caused by petroleum. This 
frequently results in major environmental 
issues that endanger both human health and 
beneficial microbial communities in the soil (Li 
et al., 2018). The discharge of petroleum into 
the soil by spillage has the implication that the 

soil may remain unsuitable for agricultural 
practices until the hydrocarbons are degraded 
to an acceptable level (Kadili et al., 2021).  
This is because petroleum hydrocarbons in soils 
produce conditions that enable vital nutrients 
to be unavailable to plants (Bi et al., 2016). 
Furthermore, the accumulation of PAHs in food 
crops and other biota via food chains may pose 
a risk to human health (Keyte et al., 2016; Li et 
al., 2018). 
PAHs are released into the environment by both 
natural (such as oil seeps, forest fires, and 
volcanic activity) and anthropogenic sources, 
such as petroleum exploration and other 
petrochemical industrial/combustion operations 
(Itodo et al., 2018). They are primarily caused 
by petroleum spills and/or incomplete 
combustion of organic matter such as wood, 
fossil fuels, and petroleum products (Kadili et 
al., 2021).   
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Abstract 
Polycyclic aromatic hydrocarbons (PAHs) are widespread environmental contaminants that 
are produced by the incomplete combustion of organic sources and are widely found in soils. 
This present research was carried out to evaluate the concentrations and toxicological risk 
assessment of the United States Environmental Protection Agency's sixteen priority 
polycyclic aromatic hydrocarbons (16 priority PAHs) in soils from the vicinity of an oil 
spillage site in Delta State of Nigeria. The level of pollution and potential toxicological 
health hazards of the PAHs were assessed in surface soil samples using soxhlet extraction of 
and Gas Chromatography-Mass Spectrometry (GC-MS). Thirteen out of the sixteen USEPA 
priority PAHs were detected in the soil sample. The concentrations of PAHs in the 
petroleum-contaminated soils in this investigation ranged from 0.01181 ppm to 1.16054 
ppm, with the total estimated concentration of the 16 priority PAHs being 5.6713 ppm. 
Furthermore, the distribution of the PAHs in the study area was predominated by LMW PAHs 
(62%) over HMW PAHs (38%). Additionally, the total toxicity equivalency quotients TEQ 
(B[a]Peq) result of the carcinogenic potency of the USEPA priority PAHs was calculated as 
0.08689 ppm (8.689%) and was discovered to be within the Canadian TEQ (B[a]Peq) 
threshold of 0.6 ppm. This suggests that the soil in the study area is safe based on the 
Canadian TEQ (B[a]Peq) standard and does not constitute a carcinogenic risk. However, the 
long-term bioaccumulation of these low quantities of PAHs in human has been found to 
constitute a potential health concern due to bioaccumulation in living systems.  
Keywords: Polycyclic aromatic hydrocarbons, toxicity equivalency quotient, carcinogenic 
potency, petroleum spillage. 
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Due to their ubiquity, stability, and long-term 
enrichment in soils, PAHs and other kinds of 
organic pollutants are frequently regarded as 
suitable reservoirs in the soil system (Keyte et 
al., 2016). According to Nam et al. (2009), 
large amounts of PAHs have been identified in 
numerous surface soils around the world, posing 
potential hazards to the ecological environment 
and human health. Furthermore, Sun et al. 
(2018) revealed that PAHs are rapidly absorbed 
by organic matter in soil and difficult to 
breakdown in the terrestrial environment. 
Additionally, Bandowe et al. (2019) stated that 
the special attention paid to PAHs is due to 
their toxicity and other properties, such as low 
water solubility, high affinity for lipids, ability 
to convert into alkylated compounds and 
tendency to be adsorbed to particulate matter. 
These properties accounts for the persistence 
and toxicity of PAHs in the environment 
(Okedere and Elehinafe, 2022). 
The Agency for Toxic Substances and Disease 
Registry (ATSDR, 2017) has classified PAHs as 
ubiquitous, hydrophobic, and persistent priority 
pollutants that pose a health risk to humans 
and animals when exposed to PAH-
contaminated air, water, or soil. These effects 
include neurological, respiratory, and 
reproductive effects (Adeniyi et al., 2021). 
Furthermore, PAHs are of environmental and 
human concern due to their toxic, 
carcinogenic, and mutagenic qualities 
(Afegbua, 2015; Raji, 2016; Davie-Martin et al., 
2017). The World Health Organization and the 

United States Environmental Protection Agency 
currently classify sixteen PAHs as priority PAHs 
(Keith, 2015; Szopiska et al., 2019). 
Despite the health hazards associated with 
PAHs, Olayinka et al. (2018) stated that public 
awareness of their nature, toxicity, and 
presence in the Nigerian environment, 
particularly in the Niger Delta region where 
petroleum exploration is taking place, is still 
very low. This may be related to the lack of a 
regulatory framework on the permissible limits 
of PAHs in various aspects of Nigeria's 
environment, as well as the few publications in 
the literature on the assessments and negative 
impact of PAHs in the oil-rich Niger Delta 
region (Chikere et al., 2018). As a result, this 
study was carried out in order to evaluate the 
concentrations and toxicological risk 
assessment of the16 USEPA priority PAHs in soils 
from the vicinity of an oil spillage site in Delta 
State of Nigeria. 
 
MATERIALS AND METHODS 
Sampling area and sample collection 
The soil samples for this investigation were 
collected from an oil spillage site at Kokori- 
Erhoike petroleum flow station area in Ethiope 
East Local Government Area of Delta State, 
Nigeria, with coordinates of 5°38'30.85"N and 
6° 3'58.16"E (Figure 1). Kokori has a land mass 
that is about 196 square kilometers in size. 
Composite sampling technique adopted by Raji 
(2016) was used for the purpose of sample 
collection. 

 
 

 
 Figure 1: Map of Kokori-Erhoike Petroleum Flow Station and Environs 
 Showing Sampling Points 
   Source: Map Gallery, Department of Geography, Ahmadu Bello University, Zaria (2021). 
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Sample preparation 
The method used by Olayinka et al. (2017) was 
adopted for sample preparation. Rock particles, 
sticks and pebbles were removed from the soil 
sample before being air dried in the laboratory 
for 72 h at room temperature. To acquire a fine 
texture, the sample was pounded with a pestle 
and mortar and sieved through a 2 mm mesh 
sieve. Prior to examination, the sieved soil was 
transferred into sterile amber-colored glass 
vials that were carefully sealed and labeled 
prior to analysis. 
PAHs extraction and clean-up from soil 
samples 
Soil sample for the determination of polycyclic 
aromatic hydrocarbons (PAHs) was processed 
using soxhlet extraction method as described by 
Anyakora et al. (2005). The extract was 
collected in a clean amber glass vial for 
cleaning to remove contaminants that could 
interfere with analysis in the gas 
chromatography column (GCMS). To remove 
non-polar aliphatic hydrocarbons, the column 
was washed with 10 mL of hexane, and the 
polycyclic aromatic hydrocarbon was collected 
by eluting 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 
watched until the extract in the round bottom 
flask was decreased to around 1mL. Upon 
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 carefully open to release the system 
from the reduced pressure. The round bottom 
flask was then removed from the rotavap and 
the extract was transferred into an amber vial 
for GC-MS analysis of polycyclic aromatic 
hydrocarbons (PAHs) compounds. 
GCMS identification and quantification of 
PAHs 
The qualitative and quantitative analysis of 
polycyclic aromatic hydrocarbons in soil 
samples was performed using the external 
standards approach described by Oluseyi et al. 
(2011). A standard mixture of the United State 
Environmental Protection Agency (USEPA) 16 
priority polycyclic aromatic hydrocarbons (2000 
µg/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 soil extract 
sample were analyzed using a gas 
chromatography-mass spectrometry Agilent GC: 
7890 MS: 5975C instrument equipped with a 
CTC A200S autosampler and a 30 m, 0.25 ID 
fused silica capillary column at the American 
University of Nigeria, Yola, Adamawa State, 
Nigeria. Helium was employed as the carrier 
gas, and the column head pressure was kept at 
10 psi to achieve an estimated flow rate of 1 
mL/min. The injector port and transfer line 
were kept at 290 oC and 250 oC, respectively. A 
measure of 1 µL volume was set as the injection 
volumes   in a splitless mode. The initial 
column temperature was held at 70 oC for 4 
minutes before gradually increasing to 300 oC. 
Finally, the temperature was kept at 300 
degrees Celsius 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 acquire 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 petroleum-
contaminated soil sample were detected using 
a retention time and mass spectral match 
against the calibration standard. Similarly, the 
external standardization method of the 
generated calibrations curve of the USEPA 
sixteen (16) priority PAHs standard combination 
was used to quantify the USEPA sixteen (16) 
priority PAHs present in the sample. 
Estimation of carcinogenic potency of the soil 
samples collected from a petroleum spillage 
site  
The carcinogenic potency of PAHs was 
estimated by calculating the concentrations of  
individual carcinogenic PAHs in terms of 
benzo(a)pyrene equivalent (BaPeq), also known 
as the total BaP equivalent quotient (TEQ), and 
multiplying by the corresponding toxic 
equivalency factor (TEF) values proposed by 
Nisbet and LaGoy, (1992), as shown 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). 
 
RESULTS 
PAHs content from soil samples  
Result of the concentration mean values of 
USEPA 16 Priority PAHs detected in the soil 
sample collected from an oil spillage site is 
presented in Table 1. 
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The mean concentration of the USEPA 16 
priority PAHs detected in this study ranged 
from 0.01181 ppm (dibenzo[ah]anthrathene) to 
1.16054 ppm (naphthalene). 
Benzo(ghi)perylene, Indeno(123-cd)pyrene and 
Benzo(b) fluoranthene were not detected in 
this study.  Furthermore, the sum total of the 
PAHs (∑16 PAHs= 5.6713 ppm) recorded in this 
study was found to exceed the DPR (2002) 
target value of 1 ppm but still within the 
intervention value of 40 ppm for soil 
contaminated with petroleum hydrocarbon. 
Similarly, the concentration levels of 
naphthalene (1.1605 ppm), anthracene (1.0766 
ppm) and phenanthrene (1.1079) were found to 
exceed the maximum permissible standard of 
0.690 ppm, 0.340 ppm and 1.060 ppm 
respectively set aside by the Dutch government 
for petroleum contaminated soils. Using 
Analysis of Variance (ANOVA), there was a 
significant difference (p-value= 0.000) among 
the USEPA 16 Priority PAHs (P ≤ 0.05). 

 
The percentage distribution of PAHs 
concentrations (with respect to LMW and HMW 
PAHs) in the study area is as presented in 
Figure 1. The 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 petroleum 
contaminated soils. Using Analysis of Variance 
(ANOVA), there was a significant difference (p-
value= 0.000) among the USEPA 16 Priority 
PAHs (P ≤ 0.05).  
The percentage distribution of PAHs 
concentrations (with respect to LMW and HMW 
PAHs) in the study area was presented in Figure 
2. The result indicates that the concentrations 
distribution of USEPA 16 priority PAHs in the 
study area was dominated by LMW PAHs with a 
percentage distribution of 62% while the 
percentage distribution of HMW was 38%. 

 
Table 1: Mean values of USEPA sixteen (16) priority PAHs present in petroleum contaminated soil 

 
Polycyclic Aromatic 
Hydrocarbon 

 
Number  
of Rings 

 
Relative 
Abundances (ppm) 
± SE 

Regulatory Standard  
ANOVA 
P- value 
 

MIWM 
Standard 
(ppm)* 

DPR Standard** 

Target Value 
(ppm) 

Intervention 
Value (ppm) 

 
Naphthalene  

 
2 1.1605± 0.004 

 
0.690E 

 
1.000 

 
40.000 

 
0.000 

 
Acenaphthylene  

 
3 0.1035± 0.001 

 
0.170 

   

 
Acenaphthene  

 
3 0.0267± 0.019 

 
0.680 

   

 
Fluorene  

 
3 0.0192± 0.003 

 
1.600 

   

Anthracene  
 
3 1.0766± 0.006 

 
0.340 E 

   

 
Phenanthrene  

 
3 1.1079± 0.001 

 
1.060 E 

   

 
∑ 2-3Ring PAHs (LMW) 

 
3.4944 

    

Fluoranthene  
 
4 1.0874± 0.018 

 
4.800 

   

Pyrene  
 
4 0.8212± 0.002 

 
1.800 

   

Benzo(a)anthracene 
 
4 0.0158± 0.005 

 
0.900 

   

Chrysene  
 
4 0.1063± 0.017 

 
1.600 

   

 
Benzo(b)fluoranthene  

 
5 0.000± 0.000 

 
0.790 

   

 
Benzo(k)fluoranthene 

 
5 0.0183±0.001 

 
0.790 

   

 
Benzo(a)pyrene  

 
5 0.1161±0.004 

 
0.160 

   

 
Dibenzo(ah)anthrathene  

 
6 0.0118±0.002 

 
0.180 

   

 
Indeno(123-cd)pyrene 

 
6 0.000±0.000 

 
0.380 

   

 
Benzo(ghi)perylene  

 
6 0.000±0.000 

 
0.490 

   

 
∑ 4-6 Ring PAHs (HMW) 

 
2.1769 

 
 

   

∑16PAH 
 

5.6713 
 
 

   

Key: MIWM*: Ministry of Infrastructure and Water Management, (MIWM, 2017); DPR**: Department of 
Petroleum Resources, (DPR, 2002); E: Concentrations exceeding MIWM standard; LMW: Low 
Molecular Weight PAHs; HMW: High Molecular Weight PAHs.  
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Correspondingly, result of the assessment of 
the carcinogenic potency of USEPA 16 priority 
PAHs present in the soil sample is 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 estimated 
from the TEF values ranges from 0.00002 ppm 
(fluorene) to 0.05905 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 0.08689 
ppm (8.669%) which was found to be less than 
the Canadian TEQ (∑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). 

 

 
Figure 2: Concentrations and distribution of low and high molecular weight polycyclic aromatic 
hydrocarbons in a petroleum contaminated soil 
Key: LMW: Low molecular weight PAHs, HMW: High molecular weight PAHs 
  
Table 2: Estimation of carcinogenic potency of USEPA sixteen (16) PAHs detected from the 
sampling site 

PAHs Number 
of Rings  

Molecular 
Weight 

TEF TEQ TEQ% 
 

Canadian 
TEQ 
(∑B[a]Peq) 
Standard 
(ppm) 

ANOVA 
P- value 
 

Naphthalene 2 128.2 0.001 0.00116 0.116 0.6** 0.000 
Acenaphthylene 3 152.2 0.001 0.00010 0.010   

Acenaphthene 3 154.2 0.001 0.00003 0.002   

Fluorene 3 166.2 0.001 0.00002 0.002   

Phenanthrene 3 178.2 0.001 0.00111 0.111   

Anthracene 3 178.2 0.01 0.01077 0.676   
Fluoranthene 4 202.3 0.001 0.00109 0.109   

Pyrene 4 202.3 0.001 0.00082 0.082   
Chrysene  4 228.3 0.001 0.00011 0.011   

Benzo(a)anthracene 4 228.3 0.01 0.00001 0.001   

Benzo(k)fluoranthene 5 252.3 0.1 0.00183 1.833   

Benzo(b)fluoranthene 5 253.3 0.1 - -   

Benzo(a)pyrene 5 252.3 0.1 0.01161 1.161   

Indeno(123-cd)pyrene 6 276.3 0.1 - -   
Dibenzo(a,h)anthrathene 6 278.4 5 0.05905 5.605   

Benzo(ghi)perylene 6 276.3 0.01 - -   

Total TEQ (∑ B[a]Peq)    0.08689 8.689   

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). 
 
 
 

62%

38%

LMW PAHs (2-3 Rings)
HMW PAHs (4-6 Rings)
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DISCUSSION 
Owing to their abundance, stability, and long-
term enrichment in soils, PAH compounds are 
thought to be an excellent reservoir of organic 
pollutants, including the soil system (Bandowe 
et al., 2021).  Despite the fact that there are 
many PAHs, the United States Environmental 
Protection Agency (USEPA) identified 16 of 
them as priority pollutants in the mid-1970s 
based on their toxicity, persistence in the 
environment, and ability to be tested or 
detected from samples (Keith, 2015).  
Furthermore, Andersson and Achten (2015) said 
that the sixteen PAHs are routinely targeted for 
monitoring and assessment, and have thus 
established a de facto global standard. 
The PAHs in the soil sample analyzed in this 
study were found to be lower in quantity when 
compared to PAHs concentrations reported by 
Ehis-Eriakha et al. (2020) in their study on 
crude oil polluted soil sample from an aged spill 
site located at Komkom community of Rivers 
State, Niger Delta region of Nigeria, but higher 
in quantity when compared to concentrations 
reported by Ekanem et al. (2019) in their study 
on polycyclic aromatic hydrocarbons (PAHs) 
contamination of soils around Eket metropolis, 
Akwa Ibom State, Niger Delta, Nigeria. The 
concentration levels of naphthalene (1.1605 
ppm), anthracene (1.0766 ppm), and 
phenanthrene (1.1079) were found to surpass 
the maximum allowed standard set aside by the 
Dutch government using the Dutch Government 
(NMHE, 1994) standard. This raised serious 
concerns because previous research by Nisbet 
and LaGoy (1992); Ramesh et al. (2004); 
Korashy and El-Kadi (2006) and Obayori et al. 
(2017) found that these individual PAHs have 
the potential to cause cancer and 
bioaccumulation in living cells at high 
concentrations. In addition, the significantly 
high abundance of the aforementioned PAHs 
(naphthalene, anthracene, and phenanthrene) 
suggested that they were primarily from low 
and moderate temperature combustion 
processes, as previously reported by Guo et al. 
(2011). What's more, the percentage ring wise 
distribution of PAHs in this analysis shows a 
predominance of LMW PAHs (62%) over HMW 
PAHs (38%), indicating recent deposition of 
these compounds. Also, Li et al. (2006) found 
that LMW PAHs are frequently related with 
petroleum spillages (petrogenic sources), which 
is the situation in this study.  
The abundance of three-ring PAHs in the 
studied area is consistent with Adedosu et al. 
(2013) investigation of an oil-polluted site in 
Nigeria's Niger Delta region.  It was reported by 
the author that unlawful refining of petroleum 
products could be a significant contributor to 

the occurrence of LMW PAHs as also recorded in 
this study. In a similar report also by Jiao et al. 
(2017), they attribute the occurrences of HMW 
PAHs in the environment to incomplete 
combustion of fossil fuels such as crude oil and 
natural gas (pyrogenic sources). As a result, the 
PAHs found in the current study region were 
both petrogenic and pyrogenic in nature, as 
previously reported by both Neff et al. (2003) 
and Itodo et al. (2019). 
According to Kadili et al. (2014), PAHs often 
accumulate in surface soil as a result of 
adsorption due to their persistence and affinity 
for soil organic matter. Similarly, Andersson et 
al. (2003) and Iwegbue et al. (2016) observed 
that low molecular weight (LMW) PAHs are 
absorbed into the soil by water due to their 
higher water solubility than high molecular 
weight (HMW) PAHs. Furthermore, the 
persistence of oil spillages observed in the 
current study region, as well as other human 
activities such as illegal refining of petroleum 
products, may account for the greater 
percentage of LMW PAH reported in this study. 
Similar findings have been reported by Kadili et 
al. (2014) and Ana et al. (2009). Despite the 
high levels of LMW PAHs concentration reported 
in the current study, these concentrations were 
found to be relatively low when compared to 
PAHs concentrations reported in other studies 
in Nigeria by Kadili et al. (2014); Ameh, (2014); 
Ana et al. (2009); Anegbe et al. (2016) and 
other parts of the world by Guo et al. (2011); 
Rabajczyk and wiercz, (2018). This is most 
likely owing to the presence of PAH degrading 
bacteria in the study site, as LMW PAHs are 
easier to use as an energy source during 
biodegradation than HMW PAHs (Li et al., 
2010). 
The total amount of PAHs (16 PAHs= 5.6713 
ppm) observed in this study exceeded the 
target value of 1 ppm but remained within the 
intervention threshold of 40 ppm set by DPR, 
2002 for safe industrial soils. This suggests that 
the soil sample collected at the petroleum-
affected site as a result of oil leakage and 
illegal refining going on at the site is 
contaminated with PAHs but not substantially 
polluted. As a result, the sum total of PAHs (16 
PAHs) from this investigation was found to be 
more than the 0.82 ppm concentration reported 
in soils from a petroleum polluted site in 
Abraka, Rivers State, Nigeria by Emoyan et al. 
(2011). Oketola and Akpotu (2015) observed a 
lower concentration of 16 PAHs of 2.790 ppm in 
a study done in Nigeria's Niger Delta region. On 
the contrary, the value (16 PAHs= 5.6713 ppm 
concentration) reported in this study was found 
to be lower than the level reported by Nganje 
et al. (2007), where a 16 PAHs of 12.450 ppm 
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was recorded in soil samples from a petroleum 
polluted site in Calabar, Cross Rivers State in 
Nigeria's Niger Delta region. Other studies from 
the Niger Delta region of Nigeria that showed 
16 PAHs levels higher than the current study 
include Adedosu et al. (2015) (5.649ppm), 
Nduka et al. (2013) (6.151 ppm), Nganje et 
al.(2007) (17.3 ppm), and Ekanem et al. (2019) 
(12.9 ppm). 
Further ecological evaluation of the impact of 
PAHs pollution levels in soil for agricultural 
purpose as classified by Malizewkwa-Kordybach 
(1996) and adopted by Kadili et al. (2014) has 
classified soil contaminated with PAHs into four 
categories based on the 16 USEPA priority 
pollutants (∑16PAHs) namely; unpolluted (less 
than 0.2 ppm), weakly polluted (0.2- 0.6 ppm), 
polluted (0.6- 1 ppm) and severely polluted (1 
ppm and above). According to this 
categorization, the study site is severely 
polluted with PAHs (16 PAHs= 5.6713 ppm), 
making it unfit for agricultural use and posing a 
risk to human health, including cancer as 
reported Bortey-Sam et al. (2014).  
PAH-contaminated soils have previously been 
linked to health risks to humans, plants, 
livestock, and wildlife, as well as 
ecotoxicological risks to the soil biome (CCME, 
2010; IARC, 2010). Furthermore, Tsai et al. 
(2004) state that the health risk assessment 
related with PAHs absorption in soil is 
frequently based on Benzo[a]pyrene (B[a]Peq) 
concentrations. This is because (B[a]Peq) has 
been widely examined and found to be 
extremely carcinogenic (Adeniyi et al., 2021). 
Furthermore, according to the WHO (2017), a 
benzo[a]pyrene concentration of 0.7 ppm 
correlates to a lifetime cancer risk. As a result, 
the BaP-equivalent (B[a]Peq) is used to assess 
carcinogenic risk from PAH-contaminated soil 
(Adeniyi et al., 2021). This is for the reason 
that B[a]Peq does not only includes the risk due 
to B[a]P but also calculates all the carcinogenic 
potencies of other PAHs, where the 
carcinogenic potency of each PAH is estimated 
in relation to the carcinogenicity of B[a]P 
(Adeniyi et al., 2021).  As a result, most 
research identify B[a]P as the primary 
carcinogenic factor (Halek et al., 2008). In this 
study, the toxicity equivalency factors (TEFs) 
developed by Nisbet and LaGoy (1992) and used 
by Tsai et al. (2004) and Bortey-Sam et al. 
(2014) were used to quantify and estimate the 
carcinogenic potential of other individual PAHs 
by multiplying their concentrations by their 
appropriate TEF values.  
The total benzo[a]pyrene equivalent 
concentration (B[a]Peq) of the detected PAHs 
in this study during the investigation period was 
calculated as 0.08689 ppm, indicating a 
relatively low carcinogenic potency based on 

the Canadian soil environmental quality 
B[a]Peq standard of 0.6 ppm stipulated for 
PAH-contaminated soil, and thus does not pose 
carcinogenic risk (Yu et al., 2020). 
Furthermore, the B[a]Peq (0.08689 ppm) 
obtained in this study was low when compared 
to analogous investigations conducted in 
petroleum polluted areas by Cao et al. (2019) 
and Bortey-Sam et al. (2014), which revealed 
1.245 ppm and 0.158 ppm B[a]Peq values, 
respectively. The low value of B[a]Peq revealed 
in this study, however, should not be taken for 
granted. This is due to the fact that the health 
risk assessment of the carcinogenic effect of 
PAHs cannot be based solely on the overall 
concentrations of the 16 PAHs (B[a]Peq), 
because each PAH has a different carcinogenic 
potential, as compiled by Nisbet and LaGoy 
(1992) and adopted by Kadili et al. (2021). 
Furthermore, since illegal oil refining has 
continued in the study region for decades and 
recurring annual instances of oil spillages have 
been observed there for some time. These 
activities could raise the amounts of these 
PAHs, which are not yet disclosed in this study, 
posing health risk in the future.  
Also, the continuous bioaccumulation of these 
low quantities of PAHs in humans throughout 
time has been observed in earlier studies 
conducted by Cao et al. (2019); Yu et al. 
(2020); Kadili et al.(2021) to pose a health 
danger in the future due to bioaccumulation in 
the system. Also, the exposure of soil 
microorganisms, plants and humans to samples 
containing mixtures of PAHs and metals can 
result in synergistic toxic effects as reported by 
Maliszewska-Kordybach and Smreczak, (2003); 
Thavamani et al.(2012); Wang et al.(2015). 
Additionally, the BaP concentrations are 
frequently used to predict the health risks 
related with PAH absorption this is because, 
almost every investigation cites BaP as the 
leading carcinogen (Kadili et al., 2021). Finally, 
investigations from various parts of the world 
that reported elevated levels of B[a]Peq 
concentrations in soil samples polluted with 
PAHs includes; , Lisbon 2.29 ppm (Cachada et 
al., 2012), Shanghai 2.36 ppm (Wang et al., 
2015), Guwahati, India 5.57 ppm (Hussain and 
Hoque, 2015). 
 
CONCLUSION  
The soil sample examined for this investigation 
contained thirteen of the sixteen USEPA 
prioritized PAHs.  Similar to this, it was 
discovered that the total amount of the 16 
USEPA priority PAHs measured in the soil 
samples (16 PAHs= 5.6713 ppm) exceeded the 
DPR (2002) target value of 1 ppm but fell short 
of the 40 ppm intervention value. Additionally, 
it was discovered that the concentrations of 
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naphthalene (1.1605 ppm), anthracene (1.0766 
ppm), and phenanthrene (1.1079 ppm) 
exceeded the Dutch government's maximum 
permitted standard. However, based on the 
estimated benzo[a]pyrene equivalent (B[a]Peq] 
value of 0.08689 ppm from this study, the 
estimated B[a]Peq value indicated a relatively 
low carcinogenic potency based on the 

Canadian soil environmental quality B[a]Peq 
standard of 0.6 ppm stipulated for soil 
contaminated with PAHs, therefore does not 
pose a carcinogenic risk. 
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