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Abstract 
Polycyclic aromatic hydrocarbons (PAHs) are highly teratogenic, persistent, 
carcinogenic, and ubiquitous environmental contaminants. They present po-
tential threats to the ecological environment and human health. Nine compo-
site soil samples (three from each town) were collected at a depth of 0 – 30 cm 
using soil auger from the vicinity of selected petrol handling facilities (petrol 
stations) within three major towns in Kogi State-Nigeria, between September 
and October, 2020. The samples were analyzed for concentrations, distribu-
tion, sources and toxic potentials of emission of 16 USEPA priority polycyclic 
aromatic hydrocarbons (PAHs), since no such comprehensive study had been 
conducted in the area. The total concentrations of PAHs (∑PAHs) in soil 
samples from the vicinity of nine petrol stations within three major towns in 
Kogi State-Nigeria ranged from 2.66 to 5.64 µg/kg at Ankpa, 1.58 to 7.58 µg/ 
kg at Anyigba and 3.72 to 4.98 µg/kg at Idah, with an average of 4.03 µg/kg. 
Lower molecular weight PAHs (2 - 3 ring PAHs) dominated the PAH pro-
files, accounting for 69.2% of total PAH mass. The levels of individual PAHs 
in all the soil samples were below the Dutch maximum permissible concen-
tration (MPC) for urban residential and agricultural soils. The average ben-
zo[a]pyrene equivalent concentration (BaPeq) of the detected PAHs in the 
study area was 0.245 µg/kg, indicating a relatively low toxicity and carcino-
genic potential. Diagnostic ratios of the results showed that PAHs in surface 
soil samples from the study area were of mixed origin (petrogenic and pyro-
lytic sources). The Pearson product moment correlation (PPMC) coefficient 
(r) explored the correlation between the environmental properties and the 
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occurrence of PAHs. Among the physicochemical parameters studied, organ-
ic carbon and soil organic matter showed high positive correlation with PAHs 
concentration. When compared with the Maximum Permissible Concentra-
tions for soil, statistical test at P < 0.05 revealed that the difference in PAHs 
concentrations is not significant. This is an indication that filling station soils 
in the study area within the period of investigation was safe. However, strict 
adherence to Department of Petroleum Resources (DPR) guidelines is highly 
recommended in siting and operating petrol handling facilities to further mi-
tigate the presence of these pollutants. 
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1. Introduction 

An important group of highly ubiquitous environmental pollutants are the Po-
lycyclic Aromatic Hydrocarbons (PAHs). They are released into the environment 
from both natural (e.g., oil seeps, forest fires and volcanic activity) and anthro-
pogenic sources (e.g., petrochemical industrial effluents, coal tar processing wastes, 
combustion processes) [1]. They are produced primarily as a result of oil spillage 
and/or incomplete combustion of organic materials including wood, fossil fuels 
and petroleum products [2]. Point sources of pollution are usually derived from 
industrial activities, transport, industrial wastewaters, road runoffs and acciden-
tal fuel spills. Thus, due to their frequency and/or associated risk, the U.S. Envi-
ronmental Protection Agency [3] has selected 16 PAHs as priority pollutants. 
Their physicochemical properties are shown in Table 1. Due to their low solu-
bility (hydrophobic in nature) and high octanol-water partition coefficient, PAHs 
may accumulate in the organisms and undergo long-range transport [4] [5] [6]. 
The occurrence of PAHs in the environment has raised serious concern and has 
become the subject of many studies. This is because, they are mutagenic and 
some are carcinogenic [1] [7].  

In the terrestrial environment, soil is considered the primary steady sinks for 
PAHs, because they are readily absorbed by organic matter in soil and difficult 
to degrade [8] [9] [10]. Furthermore, the accumulation of PAHs in soil may lead 
to contamination of food chains, which could cause a potential risk to human 
health [11]. Moreover, the contamination of soil with PAHs may lead to accu-
mulation in vegetables and other biota via food chains, which could cause a po-
tential risk to human health [11] [12]. A possible source of groundwater conta-
mination is leaching of PAHs from contaminated soils [13]. 
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Table 1. USEPA’s Priority PAHs and their selected properties [18]. 

PAHs 
Number 
of Rings 

Molecular 
Weight 

(g∙mole−1) 

Solubility in 
Water 

(mg∙L−1) 

Vapor Pressure 
(Pa) 

Log Kow 

Naphthalene 2 128.17 31 11.866 3.37 

Acenaphthene 3 154.21 3.8 0.500 3.92 

Acenaphthylene 3 152.2 16.1 3.866 4.00 

Anthracene 3 178.23 0.045 3.40 × 10−3 4.54 

Phenanthrene 3 178.23 1.1 9.07 × 10−2 4.57 

Fluorene 3 166.22 1.9 0.432 4.18 

Fluoranthene 4 202.26 0.26 1.08 × 10−3 5.22 

Benz[a]anthracene* 4 228.29 0.011 2.05 × 10−5 5.91 

Chrysene* 4 228.29 0.0015 1.04 × 10−6 5.91 

Pyrene 4 202.26 0.132 5.67 × 10−4 5.18 

Benzo[a]pyrene* 5 252.32 0.0038 6.52 × 10−7 5.91 

Benzo[b]fluoranthene* 5 252.32 0.0015 1.07 × 10−5 5.80 

Benzo[k]fluoranthene* 5 252.32 0.0008 1.28 × 10−8 6.00 

Dibenz[a,h]anthracene* 6 278.35 0.0005 2.80 × 10−9 6.75 

Benzo[g,h,i]perylene 6 276.34 0.00026 1.33 × 10−8 6.50 

Indeno[1,2,3-cd]pyrene* 6 276.34 0.062 1.87 × 10−8 6.50 

*Carcinogenic PAH. 

 
Several studies ([14] [15] [16] and [17]) have assessed the pollution and health 

risks of soil PAHs in the vicinity of petrol stations across Nigeria and other parts 
of the world. However, no data on concentrations of PAHs in petrol stations soils 
in any part of Kogi State have been reported. Such data are required for under-
standing the potential risk of PAHs to both humans and animals inhabiting the 
area. Therefore, the main objectives of this study were: to determine concentra-
tions of PAHs, to assess the potential sources using PAHs diagnostic ratio analy-
sis and to evaluate the possible carcinogenic risk of PAHs in soil samples from 
the vicinity of petrol handling facilities in Kogi State-Nigeria. This will help in the 
compilation of baseline data on PAHs in soil samples from the vicinity of petrol 
stations in the area, thus providing reference data that are essential in monitor-
ing the extent of contamination by toxic substances. 

2. Materials and Methods 
2.1. Materials 

A global positioning system (GPS), Vortex mixer, Hewlett Packard (HP) 6890 
GC/MS, equipped with dual injector, column and other routine laboratory ap-
paratus were employed in this research. Prior to extraction, all glass wares and 
storage vessels were washed with liquid detergent, soaked in 10% Nitric acid for 
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48 h and rinsed with distilled water. 

2.2. Reagents 

Reagents used include analytical grade Acetone, Dichloromethane and standard 
solutions of the 16 PAHs under investigation (procured from GFS Chemicals, Co-
lumbus), silica gel 60 - 200 mesh (Lab tech Chemicals), and anhydrous sodium 
sulphate (Merck, Germany). These reagents were procured through various sales 
representatives of the producing companies resident in Nigeria. The reagents were 
utilized without prior purification, except otherwise stated. 

2.3. Site Description 

Ankpa (7˚26'N, 7º38'E), Anyigba (7˚41'N, 7º01'E) and Idah (7˚05'N, 6˚45'E) are 
major towns in Ankpa, Dekina and Idah Local Government Areas respectively in 
the Eastern Senatorial Zone of Kogi State, Central Nigeria (Figure 1). The towns 
cover 1200, 420 and 36 Square Kilometers with estimated population of 267,353; 
189,976 and 79815 respectively and temperatures ranging from 28 to 31ºC. The 
area is the Agricultural and commercial hub of the State, with petrol vending as 
one of the most lucrative business endeavors. This study’s major focus was to 
assess the quality of soil in the immediate vicinity of petrol handling facilities in 
the area. 
 

 
Figure 1. Topographic map of Kogi State showing the soil sample locations. 
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2.4. Sampling 

Three (3) petrol stations each were randomly selected from each town where 
samples were taken for analysis. A hand soil auger was used to collect soil sam-
ples from each station by taking about 6-10 auger borings from five different 
points to depth of 0 - 30 cm ([17] [19] [20] [21] [22]). At each town, a control 
sample was taken from a pristine site, where petrol station, Agricultural, mining 
as well as industrial activities were absent, using the same procedure. This was 
used to determine the background levels of PAHs in areas without pollution 
sources for comparison. Soil samples at each petrol station were homogenized to 
give a composite sample. A total of 9 composite soil samples (F1, F2 - F9) and 3 
control (C1, C2 and C3) collected from 9 petrol filling stations vicinity in 3 ma-
jor towns in Kogi East were investigated for toxic petroleum derivatives. Geo-
graphical locations of the sampling areas were mapped out by Geographical Po-
sitioning System (GPS). The auger was cleaned with water and rinsed with me-
thanol after each sampling point. 

Immediately following completion of sampling, all soil samples (wrapped in 
aluminum foil) were collected in plastic bags and transported to the laboratory, 
naturally air-dried, homogenized and passed through a 2 mm sieve to remove 
non-soil materials such as plant roots and stones, stored in amber glass bottles at 
−4˚C prior to GC-MS pretreatment and analysis [17] [22]. Table 2 shows site 
description with GPS coordinates. 

2.5. Determination of Physico-chemical Properties of Soil  
Samples 

Soil Physico-chemical parameters were carried out using standard methods. Soil 
pH was carried out as adopted by [23] [24]. Particle Size Analysis was done us-
ing Hydrometer method as adopted by [25] [26]. Organic Carbon was deter-
mined using Wakley-Black acid digestion method as described by [27], Soil or-
ganic matter as adopted by [28] and Electrical conductivity was determined as 
described by [29]. 

2.6. PAHs Extraction and Analysis 

Extraction and clean-up of soil samples were carried out according to modified 
USEPA method (8270) [7] [30]. In summary, the milled sample was properly 
mixed and 10 g was weighed into a 50 ml centrifuge tube. Anhydrous sodium 
sulphate (1 g) was added and mixed with the sample to absorb any moisture 
present. The sodium sulphate was previously heated at 650˚C using oven (Lab. 
Hot air oven MRC LTD. 3566) for one hour and stored in a desiccator. The main 
extraction involved the addition of 20 ml of Acetone and Dichloromethane (1:1, 
v/v). The tube was closed and shaken vigorously by hand for 20 min using Vor-
tex mixer. To induce phase separation and PAH partitioning, a buffer-salt mix-
ture (consisting of 0.5 g sodium acetate and 3 g anhydrous MgSO4) was added to 
the suspension. The tube was closed, shaken vigorously by hand for 1 min, and  
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Table 2. Sample code, co-ordinates and description. 

Site/Control 
Code 

Depth 
(cm) 

Co-ordinates 
Site Description 

Latitude Longitude 

ANKPA     

F1 0 - 30 7.3799 7.6288 
Vicinity of Petrol station close to residential 

area, car wash 

F2 0 - 30 7.3889 7.6307 
Vicinity of Petrol station, with motor park, op-

posite automobile repair workshop 

F3 0 - 30 7.3558 7.6342 Vicinity of Petrol station, close to a cassava farm 

C1 0 - 30 7.3658 7.6495 Pristine site 

ANYIGBA     

F4 0 - 30 7.5007 7.1788 
Vicinity of Petrol station, close to residential 

area, car wash 

F5 0 - 30 7.4794 7.1736 
Vicinity of petrol station, with motor park, op-

posite an open market. 

F6 0 - 30 7.4519 7.1532 
Vicinity of Petrol station, close to a cassava farm 

and an abandoned petrol station. 

C2 0 - 30 7.5793 7.2076 Pristine site 

IDAH     

F7 0 - 30 7.1379 6.7426 
Vicinity of Petrol station close to residential 

area, car wash 

F8 0 - 30 7.1089 6.8069 Vicinity of Petrol station, close to car wash 

F9 0 - 30 7.1493 6.7928 
Vicinity of Petrol station, opposite automobile 

repair workshop 

C3 0 - 30 7.1585 6.9338 Pristine site 

F = Sampling Station; C = Control. 

 
centrifuged for 5 min at 2500 rpm. The supernatant was carefully transferred into 
a flask. The residue was further extracted twice as described above. The solution 
was then transferred to a sample tube and reduced to about 1 ml under a gentle 
stream of nitrogen gas using a nitrogen evaporator at 36˚C. 

2.7. Clean-up Procedure 

A column of about 15 cm (length) × 1 cm (internal diameter) was packed first 
with glass wool and then with about 10 g activated silica gel prepared in a slurry 
form in Dichloromethane. About 10 g of anhydrous sodium sulphate was placed 
at the top of the column to absorb any water in the sample or the solvent. Pre- 
elution was done with 30 mL of Dichloromethane, without exposing the sodium 
sulphate layer to air, so as to prevent the drying up of the silica gel adsorbent. 
The reduced extract was run through the column and allowed to sink below the 
sodium sulphate layer. Elution was done with 3 × 10 mL portions of the Dichlo-
romethane. The eluate was collected, dried with anhydrous sodium sulphate and 
evaporated to dryness under a stream of analytical grade nitrogen (99.99%) for 
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GC-MS analysis. 

2.8. Standard Calibration 

Stock solutions of the sixteen USEPA priority PAHs including naphthalene (NaP), 
acenaphthene (Ace), acenaphthylene (Acy), fluorine (Flu), phenanthrene (Phe), 
anthracene (Ant), fluoranthene (Flt), pyrene (Pyr), benzo(a)anthracene (BaA), 
chrysene (Chr), benzo(b) fluoranthene (BbF), benzo(k) fluoranthene (BkF), ben-
zo(a)pyrene (BaP), indeno(1,2,3-cd)pyrene (InP), dibenzo(a,h) anthracene(DBA), 
and benzo(g,h,i)perylene (BP) were prepared and then serially diluted to pro-
duce different concentrations ranging from 0.5 to 10.0 μg/L. Stock standard so-
lutions were stored in amber coloured bottles at 4˚C in a refrigerator and work-
ing standard solutions were prepared fresh before use. Standard solutions of the 
PAH were run on GC-MS under the set chromatographic conditions and mean 
peak areas were plotted against concentrations to obtain calibration curves of the 
PAHs. 

2.9. Quality Assurance/Quality Control 

O-terphenyl was used as a surrogate in checking the recovery of the equipment. 
5 μl of the 5.0 μg/l of the working standard of the surrogate was spiked to the 
1ml extract containing the PAHs. Control samples collected from pristine sites 
were also analysed for the PAHs for comparison with the analytical samples. The 
concentration of the O-terphenyl recovered was used to calculate the percentage 
recovery of the equipment as shown in Equation (1) [31] 

( )% Recovery Measured Conc. / Initial Conc. 100= ×           (1) 

The average recoveries of the spiked samples ranged from 94% to 101.6%. 

2.10. GC-MS Analysis 

After extraction and clean-up, the levels of 16 USEPA priority polycyclic PAHs 
(naphthalene, acenaphthylene, acenaphthene, fluorene, phenanthrene, anthra-
cene, fluoranthene, pyrene, benzo(a)anthracene, chrysene, benzo(b)-fluoranthe- 
ne, benzo(k)fluoranthene, benzo(a)pyrene, indenol(1,2,3cd)pyrene, dibenzo(a,h) 
anthracene, benzo(ghi)perylene) in the extracts were determined using Gas Chro- 
matography-Mass Spectrometry (GC-MS) on a Hewlett Packard (HP) 6890 chro-
matograph equipped with dual injector and column, under the following condi-
tions (Table 3). 

2.11. Statistical Analysis 

Pearson Correlation coefficient (r) was used to compare the mean concentrations 
of PAHs in soil samples to the soil physico-chemical parameters at α = 0.05 level 
of significance. The detected PAHs and their maximum permissible concentra-
tions in soil were also subjected to One-way analysis of variance (ANOVA) us-
ing SPSS version 16 adapted for windows. 
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Table 3. GC/MS programming conditions. 

Components Conditions 

Injector Temperature 280˚C 

Oven Temperature Program 
130˚C hold for 1 minute (min) 5˚C/min to 300˚C,  

9 min at 300˚C 

Detector Temperature 320˚C 

Carrier Gas Helium 

Make-up Gas Argon/Methane 

Column Flow Rate RTX-XLB 2.0 milliliters/minute (mL/min); 

Rtx-CLPAH 1.0 mL/min 

Amount Injected 1 microliter (µL) 

Data System HP Chem Station 

3. Results and Discussion 
3.1. Physicochemical Parameters of Soil Samples 

The results of the physico-chemical analysis of the soil samples are given in Ta-
ble 4. The result shows that the soil samples are predominantly sandy with low 
percentages of silt and clay. The pH of the samples varied between 5.20 and 6.50, 
showing that the soil samples were slightly acidic compared to the control sam-
ples with pH range between 5.8 and 6.5. Soil pH is an important index that con-
trols various physicochemical reactions. They exhibit profound degradation ef-
fects on PAHs through abiotic and/or biotic routes [7]. According to [32], Soil 
pH is the most widely accepted parameter which exerts a controlling influence 
on the availability of micro-nutrients and heavy metals in the soil to plants. 
While the anthropogenic activities within and outside petrol stations may have 
had some direct impact in lowering the pH, it is more likely that production of 
organic acid by microbial metabolism is responsible for the difference [33]. The 
normal pH range for ordinary soils that favor plant and micro-organisms ac-
cording to [34] is between 5.7 and 6.5. In the current study, three samples (F2, 
F7 and F8) have pH below 5.7 which clearly shows that the soil samples could 
probably had undergone some level of pollution. These results are similar to 
those reported by [26] for soil samples from the vicinity of mechanic workshops 
in Benin City-Nigeria, but lower than the values (6.40 - 7.20) obtained for soil 
samples collected from the vicinity of selected petrol stations in Benue State- 
Nigeria by [35] and [17], who reported alkaline pH for petroleum hydrocarbon 
contaminated soils in the vicinity of petrol station at Hamedan City. 

Soil total organic matter determines the fate of PAHs in soil, and microbial de-
gradation of PAHs is restricted to bio-available fractions in soil-pore water and 
soil particles surface [36]. Organic matter contents in all the samples ranged from 
0.69% - 2.99%. Organic matter content should normally increase following the ad-
dition of carbonaceous substances, hydrocarbon fuels or condensates. However, 
the low levels of OM in the soil samples in the current study could probably  
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Table 4. Physicochemical Parameters of Soil Samples from the Vicinity of Petrol Stations. 

Sample Code pH OC % SOM % EC (µS/cm) Sand % Silt % Clay % 

ANKPA        

F1 6.50 0.600 1.05 21.0 81.5 13.5 5.00 

F2 5.20 1.35 2.35 13.0 68.3 20.2 11.5 

F3 6.40 0.820 1.43 22.0 79.4 10.5 10.1 

C1 5.80 0.450 0.780 28.0 80.5 12.3 7.20 

ANYIGBA        

F4 5.90 0.500 0.870 23.0 67.5 20.7 11.8 

F5 6.30 0.940 0.690 20.0 75.0 18.2 6.80 

F6 5.70 1.60 2.79 11.0 69.2 19.7 11.1 

C2 6.50 0.430 0.750 25.0 76.3 18.3 5.40 

IDAH        

F7 5.50 0.980 1.71 16.0 78.6 11.8 9.60 

F8 5.30 1.20 2.09 25.0 81.2 13.2 5.60 

F9 6.00 1.72 2.99 14.0 68.9 20.9 10.2 

C3 6.60 1.49 2.59 20.0 76.3 16.3 7.40 

OM = organic matter; SOM = soil organic matter; EC = electric conductivity. 

 
be due to the low levels of PAHs in the area or that a significant quantity of hy-
drocarbons has not undergone appreciable decomposition or a degradation process. 
According to [37], two decomposition processes are of significance to the present 
investigation: the decomposition of the soil organic matter and the decomposi-
tion of the added petroleum hydrocarbons. Both decompositions are however, 
the function of heterotrophic organisms. 

Soil conductivity is a measure of the soluble salt content in the soil and is used 
as an overall indicator of the level of macro- and micro-nutrients in the soil [17] 
[38]. Electrical conductivity for all the soil samples in the present study ranges 
from 11.0 to 25.0 µS/cm, and increases as the level of PAH decreases. This is in 
line with [1], who reported same trend for soil samples from around a bitumen 
field in Nigeria. 

Soil texture refers to the relative percentage of sand, silt, and clay within a soil 
layer. It is a very stable characteristic that influences soil biophysical properties 
[39]. Results for the particle size analysis of soil samples as shown in Table 4 re-
veals that the percentage of sand, silt and clay fractions in soil samples range 
from 67.5 - 81.5, 10.5 - 20.9 and 5.00% - 11.8% respectively. The soil grain size 
distribution shows that the study area is predominantly sandy in texture. The 
percentage clay content in this study is relatively low compared to sand fraction; 
hence the potential for PAHs adsorption and subsequent immobility. The ob-
served fine particle-size in this study implies that, soil in the study area would 
aid non-degradation of HPAHs. This is because of its high adsorption ability on 
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active fine-soil surfaces. According to [40], fine soil particles less than 0.002 nm 
have a larger surface area and hence, a measure of adsorption of contaminants 
such as PAHs. Reported studies [41] [42] have shown that soil particles with 
colloidal-size fractions less than 0.002 nm are major sites of chemical reactions 
due to the larger specific surface area when compared to sand fractions with larger 
particle size. However, favorable environmental factors, rate and direction of de-
gradation of PAHs in soil are governed by soil and PAHs characteristics, soil con-
tent, run-off, leaching, and sorption and desorption, volatilization and uptake by 
plants [41]. Results of particle size analysis in this study agrees with those ob-
tained by [35] [26] and [7] for soil samples from petrol stations, auto mechanic 
workshops and vehicle parks respectively. 

3.2. GC-MS Characterization of Polycyclic Aromatic Hydrocarbons 

Quantitative data revealed the results for the concentrations of individual PAHs 
detected in the soil extracts as presented in Figure 2 and Table 5. The results 
also show the mean concentrations and percent abundance of the detected PAHs 
(Table 6). Toxic equivalent quantities (TEQ), which reveals the extent of eco-
logical and human health risk in the area as well as diagnostic ratio of PAHs re-
vealing the origin of these pollutants are presented in Table 7 and Table 8 re-
spectively. 

All the 16 USEPA priority Polycyclic Aromatic Hydrocarbon (except Chry, 
BbF, BkF and InP) were detected in the study area. The total concentrations of 
PAHs (∑PAHs) in soil samples from the vicinity of nine petrol stations within 
three major towns in Kogi State-Nigeria ranged from 2.66 to 5.64 µg/kg at Ank-
pa, 1.58 to 7.58 µg/kg at Anyigba and 3.72 to 4.98 µg/kg at Idah, with the highest 
concentration (7.58 µg/kg) observed at sample site F6 at Anyigba and lowest 
value (1.58 µg/kg) at sample site F4 also at Anyigba (Figure 2), with an overall 
 

 
Figure 2. Total PAHs concentration in soil samples and control. 
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Table 5. Levels of PAHs (µg/kg) in soil samples from the vicinity of petrol stations. 

  ANKPA  ANYIGBA  IDAH 

PAH ABB F1 F2 F3 C1  F4 F5 F6 C2  F7 F8 F9 C3 

Naphthalene Nap 0.360 1.00 0.300 0.0800  0.180 1.06 1.00 0.540  0.940 0.820 0.480 1.00 

Acenaphthylene Acy 0.340 0.180 0.260 0.180  0.120 0.280 0.200 0.420  0.320 0.000 0.160 0.100 

Acenaphthene Ace 0.260 1.36 0.640 0.000  0.380 0.380 1.96 0.000  0.520 0.920 1.10 0.320 

Fluorene Flu 0.480 0.360 0.280 0.000  0.0800 0.220 0.560 0.000  0.220 0.300 1.44 0.460 

Anthracene Ant 0.140 0.780 0.500 0.000  0.180 0.360 0.180 0.000  0.360 0.360 0.960 0.360 

Phenanthrene Phe 0.380 0.260 0.180 0.000  0.220 0.000 0.220 0.000  0.180 0.160 0.220 0.000 

Fluoranthene Flt 0.220 1.10 0.340 0.000  0.420 0.440 1.56 0.000  1.18 1.16 0.240 0.300 

Pyrene Pyr 0.280 0.140 0.220 0.000  0.000 0.200 0.280 0.000  0.260 0.000 0.280 0.180 

Benz[a]anthracene* BaA 0.000 0.260 0.300 0.000  0.000 0.000 0.000 0.000  0.000 0.000 0.000 0.000 

Chrysene* Chr 0.000 0.000 0.000 0.000  0.000 0.000 0.000 0.000  0.000 0.000 0.000 0.000 

Benzo[b]fluoranthene* BbF 0.000 0.000 0.000 0.000  0.000 0.000 0.000 0.000  0.000 0.000 0.000 0.000 

Benzo[k]fluoranthene* BkF 0.000 0.000 0.000 0.000  0.000 0.000 0.000 0.000  0.000 0.000 0.000 0.000 

Benzo[a]pyrene* BaP 0.000 0.000 0.000 0.0400  0.000 0.000 1.62 0.000  0.000 0.000 0.000 0.000 

Dibenzo[a,h]anthracene* DBA 0.000 0.200 0.000 0.000  0.000 0.0800 0.000 0.000  0.0800 0.000 0.100 0.0800 

Indenol[1,2,3-cd]pyrene* InP 0.000 0.000 0.000 0.000  0.000 0.000 0.000 0.000  0.000 0.000 0.000 0.000 

Benzo[g,h,i]perylene BP 0.200 0.000 0.000 0.000  0.000 0.000 0.000 0.000  0.000 0.000 0.000 0.000 

∑16PAH  2.66 5.64 3.02 0.300  1.58 3.02 7.58 0.960  4.06 3.72 4.98 2.80 

∑7 *PAH  0.000 0.460 0.300 0.0400  0.000 0.0800 1.62 0.000  0.0800 0.000 0.100 0.0800 

F = Sampling Site; C = Control; *Carcinogenic PAH. 
 

Table 6. Mean concentration (µg/kg) and percent abundance of PAHs in the study area. 

PAH ABBR 
Number of 

Rings 
MEAN SD 

Abundance 
(%) 

MPC 
(µg/kg) 

Naphthalene Nap 2 0.682 0.349 16.9 690 

Acenaphthylene Acy 3 0.207 0.107 5.14 170 

Acenaphthene Ace 3 0.836 0.559 20.8 680 

Fluorene Flu 3 0.438 0.402 10.9 1,600 

Anthracene Ant 3 0.424 0.281 10.5 340 

Phenanthrene Phe 3 0.202 0.100 5.01 3,600 

∑ 2-3 Ring PAHs - - 2.79 1.79 69.2 - 

Fluoranthene Flt 4 0.740 0.506 18.4 4,800 

Pyrene Pyr 4 0.184 0.114 4.57 1,800 

Benz[a]anthracene* BaA 4 0.0620 0.124 1.54 190 

Chrysene* Chr 4 0.00 0.00 0.00 1,600 

∑ 4 Ring PAHs - - 0.986 0.744 24.5 - 

Benzo[b]fluoranthene* BbF 5 0.00 0.00 0.00 790 

Benzo[k]fluoranthene* BkF 5 0.00 0.00 0.00 790 

Benzo[a]pyrene* BaP 5 0.180 0.540 4.47 160 

Dibenzo[a,h]anthracene* DBA 6 0.0510 0.0700 1.27 180 

Indenol[1,2,3-cd]pyrene* InP 6 0.00 0.00 0.00 380 

Benzo[g,h,i]perylene BP 6 0.0220 0.0670 0.55 490 

∑ 5-6 Ring PAHs - - 0.253 0.677 6.29 - 

∑16 PAHs - - 4.03 3.22 100 - 

SD = Standard Deviation; MPC = Maximum Permissible Concentration. 
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Table 7. List of TEF and Total Benzo(a)Pyrene-Equivalent Concentration (BaPeq). 

PAH ABBR TEF MEAN ± SD BaPeq (µg/kg) 

Naphthalene Nap 0.001 0.682 ± 0.349 0.0007 

Acenaphthylene Acy 0.001 0.207 ± 0.107 0.0002 

Acenaphthene Ace 0.001 0.836 ± 0.559 0.0008 

Fluorene Flu 0.001 0.438 ± 0.402 0.0004 

Anthracene Ant 0.01 0.424 ± 0.281 0.0042 

Phenanthrene Phe 0.001 0.202 ± 0.100 0.0002 

Fluoranthene Flt 0.001 0.740 ± 0.506 0.0007 

Pyrene Pyr 0.001 0.184 ± 0.114 0.0002 

Benz[a]anthracene* BaA 0.1 0.0620 ± 0.124 0.0062 

Chrysene* Chr 0.01 ND ND 

Benzo[b]fluoranthene* BbF 0.1 ND ND 

Benzo[k]fluoranthene* BkF 0.1 ND ND 

Benzo[a]pyrene* BaP 1 0.180 ± 0.540 0.18 

Dibenzo[a,h]anthracene* DBA 1 0.0510 ± 0.070 0.051 

Indenol[1,2,3-cd]pyrene* InP 0.1 ND ND 

Benzo[g,h,i]perylene BP 0.01 0.0220 ± 0.067 0.0002 

∑16 PAHs - - 4.03 ± 3.22 0.245 

*Carcinogenic PAH; TEF = toxicity equivalent factor; SD = standard deviation. 

 
Table 8. Diagnostic Ratio of PAHs Adopted by [7] [53] [54]. 

PAHs Ratio Value Origin (source) Source (Study Area) 

LMW/HMW >1.0 Petrogenic Petrogenic 

Phen/anthracene >15 Petrogenic Pyrolytic 

Anth/178 <0.1 Petrogenic Petrogenic 

BaA/228 <0.2 Petrogenic Petrogenic 

Chry/BaA <0.4 Petrogenic NA 

Anth/Anth + Phen <0.1 Petrogenic Pyrolytic 

Flt/Flt + Pyr <0.4 Petrogenic Pyrolytic 

Pyr/Flt >1 Petrogenic Pyrolytic 

BaA/BaA + Chry <0.2 Petrogenic NA 

Inp/Inp + BP <0.2 Petrogenic NA 

NA—Not Applicable, since Chry and InP were not detected. 

 
average of 4.03 µg/kg. The component of PAHs that is typically of greatest inter-
est in terms of potential cancer hazard is BaP. This compound has been known 
to exhibit a high carcinogenic activity in animals and has been listed as a proven 
human carcinogen [43]. BaP was detected in only one sample location (F6) with 
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a total concentration of 1.62 µg/kg and in one of the control samples (C1) with a 
concentration of 0.04 µg/kg. 

As shown in Figure 3, Figure 4 and Table 6, PAH prevalence as percent 
abundance at each sample location revealed that higher percentage values ob-
tained are predominantly those for Low Molecular Weight (LMW) PAHs (2 - 3 
rings). The ring-wise trend of PAHs prevalence is clearly revealed at each sample 
location and in the entire study area. The Σ2 - 3 ring PAHs are the most domi-
nant PAH compounds with concentration of 2.79 µg/kg (69.2%). Acenaphthylene 
(5.14%) and Phenanthrene (5.01%) are the least in this group. This is followed 
by the four membered rings (Σ4PAHs) with concentration of 0.986 µg/kg and 
percent abundance of 24.5%. The least dominant is the five-six membered rings 
shown as Σ5 - 6 ring PAHs with values as low as 0.253 µg/kg (6.29%). According 
to [44], PAHs accumulate in the surface soil by adsorption because of their per-
sistence and affinity for soil organic matter. [45] also noted that the low molecu-
lar weight (LMW) PAHs, are easily lost into the atmosphere by volatilization, 
while some are carried into the soil by water since LMW PAHs have higher wa-
ter solubility than high molecular weight (HMW) PAHs [46]. 

The levels of PAHs concentration reported in the current study was generally 
lower compared to PAHs concentration from similar studies in Nigeria [15] [23] 
[26] and other parts of the world [47] [17]. This is probably due to major spillage 
of fuel and other anthropogenic activities as well as more natural presence of 
hydrocarbon containing materials in those areas. 

3.3. Ecological/Health Risk Assessment 

Pollution levels of PAHs in soil as classified by [48] has 4 categories based on the 
16 USEPA priority pollutants, namely, unpolluted (200 µg/kg), weakly polluted  

 

 
Figure 3. Percent abundance of total PAHs concentration in the samples. 
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Figure 4. Percent abundance of total PAHs concentration in the study area. 
 
(200 - 600 µg/kg), polluted (600 - 1000 µg/kg) and severely polluted (1000 
µg/kg). By this classification, since the levels of PAHs across all the sites in the 
area were still under 200 µg/kg, it follows therefore, that the area is unpolluted. 
However, the low over-all concentration of PAHs in the area should not be taken 
for granted. This is because health risk assessment of carcinogenic PAHs cannot 
be related only to overall concentration since each PAH has a different carcino-
genic potential [49]. Health risk assessment associated with PAHs uptake is of-
ten estimated on the basis of the BaP concentrations. Almost every study refers 
to BaP as the highest carcinogenic contributor [50]. The Toxicity equivalency 
factors (TEFs) as compiled by [51] (Table 7) and adopted by [49] were used to 
quantify the carcinogenic potential of other PAHs relative to BaP and to estimate 
benzo[a]pyrene-equivalent concentration (BaPeq). 

The carcinogenic potencies of individual PAHs are determined by multiplying 
their concentration with the appropriate TEF. The toxicity equivalent concentra-
tion (TEQ) is given by Equation (2) [49]. 

( )BaPeq C TEF= ×∑                        (2) 

where C is the determined concentration of individual PAH in soil. 
The average benzo[a]pyrene equivalent concentration (BaPeq) of the detected 

PAHs in the study within the period of investigation was 0.245 µg/kg, indicating 
a relatively low carcinogenic potential, compared to related studies [22] [49] in 
polluted areas where 1245 and 157.6 µg/kg were reported respectively. Moreover, 
[52] noted that the Canadian soil environmental quality standard stipulates a 
safety value for ∑16BaPeq in soil of 600 µg/kg. It follows therefore, that soils in 
the vicinity of petrol stations in the study area during the period of this study 
were safe. 

3.4. Source Identification of PAHs 

According to [55], PAHs are derived from natural or petrogenic sources (in-
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cluding geogenic, forest fires and volcanic activities) and anthropogenic or py-
rogenic sources (including oil leakages, oil spills and combustion of fossil fuels). 
The sources of PAHs in the study area was evaluated by the ratio of detected 
PAHs mean concentrations and presented in Table 8. In general, as revealed by 
the diagnostic ratio of PAHs, the ratio LMW/HMW (2.2), Anth/178 (0.002), and 
BaA/228 (0.0002) indicates petrogenic source. On the other hand, the ratio 
Phen/anthracene (0.5), Anth/Anth + Phen (0.67), Pyr/Flt (0.2) reveals pyrolytic 
sources of the detected PAHs. It follows therefore, that the PAHs detected in the 
study area were both of petrogenic and pyrolytic origins. Pyrolytic contribution 
generated mainly through incomplete combustion of organic matter at carbona-
tion temperatures (within 400 degrees) and may probably have resulted from fuel, 
coal and wood combustion etc. in residential as well as agricultural areas sited close 
to the petrol stations. The pyrolytic sources are mainly associated with higher- 
molecular-weight PAHs while the petrogenic sources are commonly associated 
with lower-molecular weight PAHs [56]. However, in the present study, some de-
tected LMWPAHs were found to be of petrogenic origin. This is because, PAHs 
with 2 - 4 rings are highly volatile and hence are easily transported from one 
point to another point of impact [54]. 

3.5. Correlation Study 

Pearson correlation coefficient (r) PAHs concentrations versus physicochemical 
parameters was studied and presented in Table 9. According to [47], strength of 
association expressed by correlation coefficient can be classified according to its 
value as follows: no association (0 - 0.2); weak (0.2 - 0.4); medium (0.4 - 0.7); 
strong (0.7 - 0.9); very strong (0.9 - 1.0). From the Pearson correlation coeffi-
cients results, both positive and negative correlations were observed. Total PAHs 
concentrations as shown in Table 9 reveals strong significant positive correla-
tions with total organic carbon (0.872) and soil organic matter (0.848) while pH, 
electrical conductivity and sand contents show medium (−0.479), high (−0.807) 
 
Table 9. Pearson correlation coefficient matrix for TPAHs concentrations versus soil 
physicochemical parameters. 

 TPAHs pH TOC SOM EC Sand Silt Clay 

TPAHs 1        

pH −0.479 1       

TOC 0.872 −0.456 1      

SOM 0.848 −0.529 0.927 1     

EC −0.857 0.307 −0.726 −0.688 1    

Sand −0.396 0.265 −0.412 −0.375 0.579 1   

Silt 0.338 −0.189 0.413 0.305 −0.485 −0.925 1  

Clay 0.358 −0.299 0.272 0.363 −0.538 −0.787 0.493 1 
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and medium (−0.395) negative correlations respectively with total PAHs con-
centrations in the study area. The high positive significant correlation of PAHs 
with soil organic matter in this study agrees with previous study [57] which re-
ported the same trend in Hong Kong soil. The positive correlation of PAHs with 
total organic carbon and soil organic matter confirms that samples with high con-
centrations of organic matter show greater levels of PAHs as shown in Table 9. 
This also agrees with previous studies [26] which reports that organic matter 
content should normally increase following the addition of carbonaceous sub-
stances, hydrocarbon fuels or condensates. The strong positive correlation may 
indicate a common source while the negative correlation probably reveals an ad-
ditional pollution source(s) contributing to the levels of pollutants observed in 
the study area. However, the major sources of pollutant in the study were mainly 
anthropogenic. 

At α = 0.05 level (2-tailed) of significance, concentration of PAHs in soil sam-
ples shows no significant relationship with their respective control samples. Moreo-
ver, one-way ANOVA of PAHs concentrations in soil samples and their respec-
tive maximum permissible concentrations (MPC) in soil shows p > 0.05, indi-
cating that the PAHs’ concentrations detected are not significant and hence, the 
soil is safe.  

4. Conclusion 

Results of the present study reveal that 14 of the 16 USEPA priority polycyclic 
Aromatic Hydrocarbons were detected in some soil samples collected from the 
vicinity of petrol stations in three major towns in Kogi State, Central Nigeria. 
The detected PAHs were of mixed contributory sources (petrogenic and pyro-
genic). Pearson correlation coefficient reveals both positive and negative correla-
tion between PAHs and physicochemical parameters. Difference in concentra-
tion of PAHs in soil samples and their control samples are not significant at p > 
0.05. Similarly, the over-all concentrations of pollutants in the study area were 
below the maximum permissible limit and therefore, pose no ecological and/or 
human health risks. However, appropriate measures such as strict adherence to 
set guidelines and regular monitoring of these pollutants are necessary in ensur-
ing further mitigation of these pollutants in the environment. Moreover, future 
research perspectives should include the analyses of marketed edibles and plants 
grown in filling station vicinity for PAHs and other petroleum derivatives to de-
termine any threats to potential consumers. 
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