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Abstract:  The analysis of polyaromatic hydrocarbons (PAHs) at different depths of soils in the vicinity of auto-mechanic 

workshops sites in three major towns (Makurdi, Gboko and Otukpo) within Benue State, Nigeria was carried out 

using GC-MS. The results shows that the total concentration PAHs at sample sites in Makurdi ranges from 532.8 -

1122.8 μg/kg, sites in Gboko ranges from 325 - 849.5 μg/kg and sites in Otukpo ranges from 370.9 - 702.2 μg/kg.  

The order of PAHs contamination in the auto-mechanic workshop sites was Makurdi > Gboko > Otukpo and this 

signify their patronage of workshop in those town. The overall pattern of soil contamination by PAHs investigated 

are as follows: Acenaphthylene  > Naphthalene > Acenaphthene > Phenanthrene > Anthracene > Pyrene > 

Fluoranthene > Indeno(1,2,3-c-d)pyrene  > Benzo(a)anthrcene  > Perylene  > Chrysene > Benzo(ghi)perylene > 

Fluorene > Benzo(k)fluoranthene > Benzo(b)fluoranthene > Dibenzo(a,h)anthracene. This shows that some of the 

sample sites are contaminated while others are not contaminated. 

Keywords:  Anthropogenic, Polyaromatic hydrocarbons, Automechanic workshop, Carcinogenic, Soil, Benue State 

 

 

Introduction  

Movement is one of the essential characteristics of living 

things. Man, in his desire to satisfy his need for easy mobility, 

has over the years constructed many types of equipment; 

some of which are powered by water or steam, petrol, wind, 

diesel and solar energy. Specifically, the combustion, of fossil 

fuel components releases pollutants to the environment, some 

of which include polyaromatic hydrocarbons (PAHs), heavy 

metals and many others. 

 In general, PAHs are organic pollutants that are toxic very 

persistent and widely distributed in the environment (Gao and 

Zhou, 2004). Different types of PAHs are formed based on 

combustion temperature, where high temperatures form 

simple PAHs; low temperatures create more complex PAHs 

(Harvey, 1997).  These organic pollutants are released into the 

environment through natural sources such as volcanoes and 

forest fires, but the most predominant sources which are also 

responsible for most atmospheric pollution are the 

anthropogenic sources (ASTDR, 1995; Harvey, 1997). The 

combustion of fossil fuels, including motor vehicle emission 

and power generation, wood burning, municipal and industrial 

waste incineration, and a host of others were typical examples 

of anthropogenic sources. PAHs are included in the “priority 

pollutants” listing of the US Environmental Protecting 

Agency (US EPA). The molecular structures of these priority 

pollutants can be found in Fig. 1 while Table 1 contained 

some of their properties. 

Although, PAHs are found everywhere, they are more 

concentrated in places such as auto-mechanic workshops 

sites, gas works, coal gasification sites and sites of oil spills 

(Wilson and Jones, 1993). Even though they are 

biodegradable, their sequestration and recalcitrance, 

complicates the process of biodegradability and availability to 

chemical attack    (Hatzinger and  Alexander, 1997). PAHs 

are also hydrophobic in nature with very low water solubility 

and high octanol-water partition coefficient, making them to 

adsorb strongly to organic matter in soil and less susceptible 

to biological and chemical degradation (Kelsey and 

Alexander, 1997). 

Many PAH compounds enter water, sediment, soil and 

biological resources through the atmosphere (Abbey et al., 

2011). The presence of PAHs in soils is an issue of concern 

because some of them are known to have carcinogenic, 

mutagenic and teratogenic effects (Joa et al., 2009). A lot of 

research has been carried out on PAHs in soil and the results 

obtained show that soil contamination by PAHs is considered 

to be a good indicator of the level of environmental pollution 

by human activities (Chung et al., 2007, Obini et al., 2013, 

Abbey et al., 2011, Bojes and Pope, 2007, Ojeyemi et al., 

2013). Similarly, it can provide information on regional 

pollution sources, the long-range transport of PAHs, the rate 

of pollutant retention and their ultimate destination. This work 

is aimed at determining PAHs in soils samples in the vicinity 

of auto-mechanic workshops and to study the variation in 

their concentrations along the soil profile. 
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Fig. 1: Structures of US EPA’s sixteen priority pollutant PAH (Lundstedt, 2003). 

 

Table 1: US EPA’s priority PAHs pollutant and their selected properties (Bojes and Pope, 2007) 

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 x 10-3 4.54 

Phenanthrene 3 178.23 1.1 9.07 x 10-2 4.57 

Fluorene 3 166.22 1.9 0.432 4.18 

Fluoranthene 4 202.26 0.26 1.08 x 10-3 5.22 

Benz[a]anthracene* 4 228.29 0.011 2.05 x 10-5 5.91 

Chrysene* 4 228.29 0.0015 1.04 x 10-6 5.91 

Pyrene 4 202.26 0.132 5.67 x 10-4 5.18 

Benzo[a]pyrene* 5 252.32 0.0038 6.52 x 10-7 5.91 

Benzo[b]fluoranthene* 5 252.32 0.0015 1.07 x 10-5 5.80 

Benzo[k]fluoranthene* 5 252.32 0.0008 1.28 x 10-8 6.00 

Dibenz[a,h]anthracene* 6 278.35 0.0005 2.80 x 10-9 6.75 

Benzo[g,h,i]perylene* 6 276.34 0.00026 1.33 x 10-8 6.50 

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

*PAHs classified by U.S. EPA as possible human carcinogens 

 

Materials and Methods  

All chemicals and reagents used were of analytical grade. The 

reagents were manufactured by Sigma Aldrich and purchased 

from Kritz Nigeria Limited High Level, Makurdi, Nigeria. 

Stock solutions of these reagents were prepared and kept in 

the refrigerator until needed.Glassware were thoroughly 

washed with detergent, rinsed with distilled water and dried 

prior to their use. GC-MS (QP2010) was employed in the 

analysis of extracted PAHs from the soil samples. 

Study area  

Benue State (latitude 7o 19I N and longitude 8o 45I E) is 

located in the North- Central region of Nigeria with 

population of 4,219,244 inhabitants.Three major towns in 

Benue State namely: Makurdi (latitude 7o 44I N and longitude 

8o 31I E)  with population of 292, 645 inhabitants  being the 

state capital is characterized by high vehicular movement in 

and out of the metropolis; while Gboko (latitude 7o 32I N and 

longitude 9o 00I E) with population of 380,600 and Otukpo 

(latitude 7o 12I N and longitude 8o 14I E) with population of 

160,830 inhabitants were Zonal headquarters within the state, 

characterized by relatively high human and industrial 

activities. Major roads link these towns with other parts of 

Nigeria. The road linking the state to the northern part of the 

country passes through Makurdi while the one leading to the 

Eastern and Southern parts of Nigeria passes through Otukpo.  

Sampling sites and sample collection  

A total of six sites were selected within the study areas, two 

from each town. Three of the sites were auto-mechanic 

workshops which are located along major roads and the other 

three sites were collected at a distance of 200 m from the 

auto-mechanic workshops to act as the control samples. Soil 

samples obtained from the mechanic sites were marked highly 

contaminated soil (HCS). The remaining three sites were 

marked control samples (C). The soil samples were collected 

from the top soils (0 – 20 cm), at 50 cm and 100 cm with the 

aid of a spade. The samples were then labelled, taken to the 

laboratory and stored in the refrigerator for further analysis. 

Extraction and clean-up of sample  

Exactly 5.0 grams of soil sample was weighed into a Soxhlet 

apparatus and extracted with 200 mL of 1:1 acetone/hexane 

for 16 hours, since this is the most effective solvent for PAHs 

extraction (Lau et al, 2010). The sample volume was reduced 

to 5.0 mL and clean-up was done with a column packed with 

10.0 g of activated alumina and 2.0 g of anhydrous sodium 

sulphate on top to act as the drying agent. The column was 

conditioned with 5.0 mL of hexane and 5.0 mL of extracting 
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solvent. The first elution using 10 mL of hexane was 

discarded because it contained non-polar saturated 

hydrocarbons (Ogungbuyi et al., 2013). The second elution 

which was carried out with 10 mL of 1:1 acetone/hexane 

mixed solvent and was reduced to 1.0 mL. Exactly 1.0 mL 

acetonitrile was added to it before analysing with GC-MS. 

Statistical analysis 
Statistical analysis was performed using Statistical Package 

for Social Sciences (SPSS 16.0) and analysis of variance was 

carried out to examine the level of PAHs contamination from 

each sampling stations. Statistical significance was accepted 

at a probability level of p = 0.05. A simple correlation matrix 

was used to determine their level of correlation between the 

constituent PAHS investigated. 

 

Results and Discussions 

The results of GC-MS analysis for some of the PAHs 

determined in the soil at selected auto-mechanic dumpsites in 

Makurdi, Gboko and Otukpo areas of Benue State are shown 

in Tables 2 – 4.The concentrations of each constituent of the 

PAHs investigated along the soil profile were summed up at 

the right hand side of the Tables. The total concentrations 

(μg/kg) of PAHs from Makurdi, Gboko and Otukpo at varous 

depth profile were presented in Fig. 2 – 4. From the results, 

the total PAHs content from the Highly Contaminated Sites 

(HCS) was greatest at the top soils (1122.8 μg/kg) as 

compared to 594.0 μg/kg at 50 cm depth and 532.3 μg/kg at 

100 cm. This point to the fact that PAHs in these areas largely 

result from anthropogenic sources, and are mostly the low 

molecular weight ones, explaining the reason for the decrease 

in concentration from Top Soil across 50 cm to 100 cm. This 

trend was however not continuous for the blank samples (BS) 

as the highest total PAHs content for all the soil samples was 

at top soil (177.1 μg /kg) followed by 100 cm (115.8 μg /kg) 

and 50 cm (112.2 μg /kg). The reason for this can be traceable 

to anthropogenic and natural sources as affirmed by Thiele 

and Brummer (2002), “bio-formation of PAHs may have 

taken place under reduced condition in the presence of humic 

substances”. Also, the presence of PAHs in the blank Samples 

may be attributed to the fact that the location where the soil 

samples were obtained was contaminated by PAHs, 

originating from mechanic sites as a result of wind. 

. 

 

 

Table 2: Concentrations (μg/kg) of PAHs from Makurdi at various depth  

 

PAHs 

Top soil At 50cm At 100cm Total 

C HCS C HCS C HCS  

 Naphthalene 5.1 315.8 11.3 155.3 42.0 151.5 681 

Acenaphthylene 9.1 394.0 12.0 288.0 43.4 201.7 948.2 

Acenaphthene 40.0 283.0 6.2 127.0 9.9 142.5 608.6 

Flouranthene 0.6 6.6 0.5 5.1 0.3 1.9 15.0 

Pyrene 0.2 29.0 0.7 3.3 0.2 1.9 35.3 

Chrysene 0.1 9.2 0.2 2.0 nd 0.9 12.4 

Flourene 4.3 nd nd nd nd 3.1 7.4 

Phenanthrene 15.5 25.3 1.5 0.1 0.7 13.4 56.5 

Anthracene 0.9 8.0 nd nd 0.8 1.7 11.4 

Benzo(a)anthracene 0.5 10.1 nd 3.4 nd 2.4 16.4 

Benzo(k)Flouranthene 0.4 3.5 nd 3.4 nd 0.7 8.0 

Benzo(b)flouranthene 0.4 3.4 nd 1.2 nd 0.3 5.3 

Perylene 1.1 10.4 0.5 2.5 0.1 1.0 15.6 

Benzo(g,h,i)perylene 1.2 5.6 0.4 2.5 nd 0.8 10.5 

Dibenzo(a,h)Anthracene 0.6 nd 0.5 nd nd nd 1.1 

Indeno(1,2,3-cd)pyrene   nd 18.9 0.4 0.2 nd nd 19.5 

 

 

Fig. 2: Total concentrations of PAHs at auto-mechanic workshop in Makurdi along depth profile 
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Table 3: Concentrations (μg/kg) of PAHs from Gboko at various depth 

 

PAHs 

Top soil At 50cm At 100cm Total 

C HCS C HCS C HCS  

 Naphthalene 43.0 270.0 10.2 89.4 9.0 47.7 469.3 

Acenaphthylene 62.4 164.2 61.1 125.3 5.0 84.5 502.5 

Acenaphthene 52.2 381.5 8.9 127.1 6.5 183.5 759.7 

Flouranthene 9.1 3.2 0.5 0.5 0.3 0.5 14.1 

Pyrene 2.0 9.1 0.7 0.8 0.2 4.8 17.6 

Chrysene 0.8 2.0 0.2 0.7 0.2 0.6 4.5 

Flourene nd nd nd 2.4 nd 1.6 4.0 

Phenanthrene 1.8 6.9 1.0 6.2 1.0 1.4 18.3 

Anthracene nd 1.8 nd 2.0 nd 0.6 4.4 

Benzo(a)anthracene 1.4 2.0 nd 1.6 nd nd 5.0 

Benzo(k)Flouranthene 1.0 3.0 nd 3.0 nd nd 7.0 

Benzo(b)flouranthene nd nd nd nd nd nd nd 

Perylene 1.1 1.7 0.1 0.6 nd nd 3.5 

Benzo(g,h,i)perylene 2.3 3.6 1.5 1.0 nd 0.4 8.8 

Dibenzo(a,h)Anthracene nd nd nd 0.2 nd nd 0.2 

Indeno(1,2,3-cd)pyrene    nd 0.5 nd nd nd nd 0.5 

 

 

 

Fig. 3: Total concentrations of PAHs at auto-mechanic workshop in Gboko along depth profile 

 

Table 4: Concentrations (μg/kg) of PAHs from Otukpo at various depth  

 

PAHs 

Top soil At 50cm At 100cm Total 

C HCS C HCS C HCS  

 Naphthalene 13.0 189.9 91.0 260.5 84.0 151.3 789.7 

Acenaphthylene 5.0 232.0 6.1 114.0 20.0 130.5 507.6 

Acenaphthene 10.0 151.8 10.2 11.0 9.0 81.0 273.0 

Flouranthene 0.7 14.5 0.4 8.1 0.3 0.5 24.5 

Pyrene 0.1 12.7 0.6 9.6 0.2 0.3 23.5 

Chrysene 0.5 1.6 0.3 1.8 0.1 0.2 4.5 

Flourene 0.6 1.4 nd 6.4 nd nd 8.4 

Phenanthrene 2.7 43.5 1.7 32.5 1.4 3.4 85.2 

Anthracene nd 35.5 nd 2.7 nd 0.1 38.3 

Benzo(a)anthracene 0.8 5.3 0.4 2.5 0.2 2.2 11.4 

Benzo(k)Flouranthene 0.8 3.1 0.3 1.5 0.1 0.2 6.0 

Benzo(b)flouranthene nd 0.8 nd nd nd nd 0.8 

Perylene 0.9 2.3 0.4 0.9 0.1 0.3 4.9 

Benzo(g,h,i)perylene 1.4 3.4 0.8 1.9 0.4 0.9 8.8 

Dibenzo(a,h)Anthracene nd nd nd nd nd nd nd 

Indeno(1,2,3-cd)pyrene   3.4 4.4 nd nd nd nd 7.8 
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Fig. 4: Total concentrations of PAHs at auto-mechanic workshop in Otukpo along depth profile. 

 

Table 5: One-way descriptives analysis of PAHs in major auto-mechanic workshops in Benue 

Station Soil Profile N Mean Std. Error 
95% Confidence Interval for Mean 

Lower Bound Upper Bound 

 

Makurdi 

Top soil 14 80.2 36.9 0.545 160 

50 cm 13 45.7 24.8 8.39 99.8 

100 cm 14 37.4 18.8 3.27 78.1 

 

Gboko 

Top soil 13 65.3 34.9 10.7 141 

50 cm 13 18.0 11.2 6.42 42.4 

100 cm 10 32.6 19.0 10.4 75.6 

 

Otukpo 

Top soil 14 49.8 21.2 4.06 95.6 

50 cm 13 34.9 20.6 10.1 79.8 

100 cm 12 30.9 16.3 4.95 66.8 

 

 

Generally, it was observed that at the top soil, total PAHs 

concentration was greatest at Makurdi soil (1122.8 μg/kg) as 

compared to Gboko (849.5 μg/kg) and Otukpo (702.2 μg/kg). 

This may be due to the metropolitan nature of Makurdi as 

characterized by high vehicular movement. It has been 

reported that elevated concentrations of polyaromatic 

hydrocarbons are found in urban soils and roadside soils 

(Jones et al., 1989; Johnston and Harrison, 1984; Wild and 

Jones, 1995). In addition, the soils were sampled from 

mechanic sites situated along major road which means that 

combustions of petroleum products (Petrogenic) could be the 

main source of PAHs deposition at the soil surface. At 50 cm 

and 100 cm for all the soils used, total PAHs concentration 

decreased with depth: 594.0 μg/kg at 50 cm and 532.3 μg/kg 

at 100 cm for soil samples in Makurdi, 360.8 μg/kg at 50 cm 

and 325.0 μg/kg at 100 cm for soil samples in Gboko, 453.4 

μg/kg at 50 cm and 370.9 μg/kg at 100 cm for soil samples in 

Otukpo. This could be due to degradation by microbial 

activities that occurs as the PAHs enter deeper into the soil. 

Looking at the results, it is also observed that the PAHs with 

high concentrations are the low molecular weight (LMW) 

ones, which are easily lost into the atmosphere by 

volatilization (Wild and Jones, 1993), while some are carried 

into the soil by water since LMW PAHs have higher water 

solubility than high molecular weight (HMW) PAHs 

(Andersson et al., 2003) . The overall result for all the soil 

samples showed total PAHs as follows: Acenaphthylene 

(942.2 μg/kg) > Naphthalene (789.7 μg/kg) >Acenaphthene 

(759.7 μg/kg) > Phenanthrene (85.2 μg/kg) > Anthracene 

(38.3 μg/kg) > Pyrene (35.3 μg/kg) > Fluoranthene (24.5 

μg/kg) > Indeno (1,2,3-c-d)pyrene (19.5 μg/kg) > 

Benzo(a)anthrcene (16.4 μg/kg) > Perylene (15.6 μg/kg) > 

Chrysene (12.4 μg/kg) > Benzo(ghi)perylene (10.5 μg/kg) > 

Fluorene (8.4 μg/kg) > Benzo(k)fluoranthene (8.0 μg/kg) > 

Benzo(b)fluoranthene (5.3 μg/kg) > Dibenzo(a,h)anthracene 

(1.1 μg/kg). 

Previous research carried out in Abalikaliki by Obini et al 

(2013), only six of the sixteen EPA PAHs were detected in all 

the soil samples: Phenanthrene (0.0172-0.0193 mg/kg), 

Benzo(a)anthracene (0.0162 mg/kg), Chrysene (0.0209 

mg/kg), Benzo(b)fluoranthene (0.0453 mg/kg), 

Benzo(k)fluoranthene (0.0389 mg/kg), Fluorene (0.0193 

mg/kg).  In another research carried out in Aroje and Owode, 

the total PAHs in the soil were 4.33583 μg/kg for samples 

from Aroje and 4.37730 μg/kg for soil samples from Owode 

(Ojeyemi et al., 2013). This result is similar to the result 

gotten from some of the sample points in this work.  

The Institute of Soil Science and Plant Cultivation in Pulawy 

proposed classification of agricultural soil contaminated with 

sixteen PAHs (Wcislo, 1998), this classification shows that 

total PAHs greater than 10,000 µg/kg were considered as 

“heavily contaminated”. The other classes were classified as 

between 600 – 10,000 µg/kg as “contaminated” and  less than 

200 µg/kg as “not contaminated”. By these criteria, all the soil 

samples obtained at the top, except for the blanks samples, 

can be classified as contaminated. 
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Table 6: Robust tests of equality of means 
Station Test Statistic a df 1 df 2 p-value (Sig.) 

Makurdi Welch 0.520 2 23.8 0.601 

 B-F 0.674 2 29.4 0.517 
Gboko Welch 0.911 2 18.5 0.419 

 B-F  1.10 2 20.2 0.351 

Otukpo Welch 0.268 2 23.4 0.768 
 B-F  0.235 2 32.6 0.792 

B-F = Brown-Forsythe 

 

 

Table 7: Levene statistic test of homogeneity of variances 

across stations 

Soil Profile Statistic a df 1 df 2 p-value (Sig.) 

Top Soil 1.67 2 38 0.202 

50 cm 2.09 2 36 0.139 

100 cm 0.331 2 33 0.721 

 

Statistical analysis 
The descriptive statistic of One-way ANOVA for Makurdi 

soil samples along the three soils profile was presented in 

Table 5. Pearson correlation was significant at the 0.05 level 

between the control top soils and the samples soil from 

Makurdi, Gboko and Otukpo. The Robust tests of equality of 

means using Welch and Brown-Forsythe statistics were used 

to ascertain the level significant (Table 6) because when a 

usual one-way ANOVA is performed, it is assumed that the 

group variances are statistically equal. If this assumption in 

not valid, then the resulting F – test is invalid. Levene’s test is 

an inferential statistic used to assess the equality of variances 

for a variable calculated for two or more groups and the test 

shows significant between the profiles of soils investigated as 

presented in Table 7. Analyses of variance between and 

within data stations show that there was significant difference 

between the stations for the measured PAHs in the soil (p < 

0.05). However, within the stations, there were no significant 

differences (p > 0.05). The results disclose that there is 

positive significant relationship (p < 0.05) with PAHs 

determined. 

 

Conclusion 

The high concentration of PAHs in the auto-mechanic 

workshop soils is used as an indication of environmental 

contamination. This work has revealed that PAHs are present 

in variable concentrations at all the locations where soil 

samples were collected. Also, that acenaphthylene was the 

predominant PAHs in the top soil while the least was dibenzo 

(a, h) anthracene. The concentrations of PAHs obtained in this 

work are within the range of contamination level reported by 

other researchers from soils samples in other areas. This could 

be due to the fact that processes which release PAHs 

especially anthropogenic processes have for long been on-

going in these areas.  Correlation was significant at 

the 0.05 level between the control top soils and the samples 

soil from Makurdi, Gboko and Otukpo. Finally, analyses of 

variance between and within data stations indicate that there 

was significant difference between the stations for the 

measured PAHs in the soil at p = 0.05. 
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