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ABSTRACT 
 
The burning of oil spilled soils practiced by some farmers in Niger Delta to reclaim 
their farmlands was studied. Oil residues extracted from soil samples collected 
from burnt oil spilled farmland and the source crude oil were fractionated. 
Detailed compositional analysis of polycyclic aromatic hydrocarbons (PAHs) was 
achieved by gas chromatography with flame ionization detector (GC-FID). Total 
PAH concentrations in the samples were higher than the source oil. Cluster 
analysis showed the source oil was 58.21% similar to sub-surface soil samples in 
PAH compositions, but significantly differed from surface soil samples. This 
indicated that burning of the oil spilled soils caused significant alterations in PAH 
compositions at surface depth and moderate at sub-surface depth. Also variation 
in PAH composition among surface samples from 68.76 to 84.24% and sub-
surface samples from 88.61 to 91.42% indicated burning of the oil spilled soils 
was more efficient at surface than sub-surface depth. Principal component 
analysis (PCA) grouping of PAHs revealed two main types of alterations: reduction 
of petroleum characteristic PAHs, and increase in the high molecular weight PAHs, 
which are mostly carcinogenic. The effects of these alterations were more in 
surface soils than subsurface and enriched the Niger Delta farmland with 
carcinogenic PAHs. 
 
Key words: polycyclic aromatic hydrocarbon, oil spill, burn, distribution, Niger 
Delta. 

 
 
INTRODUCTION 
 
The Niger Delta region of southern Nigeria is a prolific 
hydrocarbon province. Through neglect, with intent or by 
accident, barrels of crude oil spill into lands, swamps, 
estuaries and coastal waters (Dublin-Green et al., 1998; 
Osuji and Adesiyan, 2005). This has led to the release of 
hydrocarbon compounds into the environment and 
subsequent destruction of the agricultural life-stay, fishing 
and farming, the main occupation of the Niger Delta people. 
Although clean-up measures are usually carried out 
sometimes, most oil spills are left to the reliance of natural 
(without human intervention) process of weathering.  

However, some natives especially farmers indulge in site 
burning as part of reclaiming their farmlands for 
agricultural activities. The consequence of burning off the 

spilled crude oil being neglected is based on the assumption 
that it decontaminates the affected soils by removing the 
spilled oil hydrocarbons. For environmental related oil spill 
studies, the large families of hydrocarbon compounds 
studied include saturated hydrocarbons (aliphatic 
hydrocarbons, polycyclic steranes and hopanes), volatile 
benzene, toluene, ethylbenzene and xylene isomers (BTEX) 
and polycyclic aromatic hydrocarbons (PAHs). 

PAHs are aromatic hydrocarbons with 2 to 6 rings fused 
together. They occur in crude oils, but are also generated 
from the incomplete combustion of organic matter (Wang, 
2009). PAHs are widespread contaminants and persistent 
in the environment (Peters et al., 2005). Owing to these 
characteristics, PAHs are a valuable hydrocarbon class used  
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Figure 1: Photograph of the burnt oil spilled farmland showing section planted.  

 
 
in many environmental forensic investigations, including 
16 parent PAHs classified by the US-EPA as priority 
pollutants due to their carcinogenic and mutagenic effects 
(Brown and Boehm, 1993; Olajire and Brack, 2005).  

PAHs are used for environmental damage assessment to 
identify pollution sources, distinguish between sources of 
contaminants, monitor degradation processes and 
unambiguously characterize and correlate hydrocarbons in 
contaminated samples by quantitative, qualitative and 
statistical comparisons (Guo et al., 2007; Sun et al., 2009; 
Maioli et al., 2010). 

Characterization of oil residues extracted from burnt oil 
spilled soil samples in Niger Delta by Onyema et al. (2015) 
revealed that the concentrations of aliphatic hydrocarbons 
(AHCs) were exceptionally low with AHCs ≤ C12 and the 
volatile BTEX compounds not detected in all the samples. 
This paper focused on the use of detailed compositional 
analysis of polycyclic aromatic hydrocarbons using gas 
chromatography flame ionization detector (GC-FID) to 
investigate the implication of burning crude oil spilled soils 
practiced by some farmers in the Nigeria’s Niger Delta 
region. 
 

 
MATERIALS AND METHODS 
 
Site description and sampling 
 
The sampling site is Mogho community located in Ogoni 
region of the oil rich Niger Delta, southern Nigeria. In 
Ogoni,  
there are 96 oil wells connected to 5 flow stations through 
numerous pipelines that traverse communities in the area 

(Zabbey, 2008). The people of Mogho are predominantly 
farmers. Sampling was carried out at a section of a pipeline 
from where crude oil spilled onto a farmland in the 
community. As at sampling time, the farmland had been 
burnt, soil covering added and planting had commenced 
(Figure 1). 

Soil samples were collected from four (4) points of the 
burnt oil spilled farmland at surface (0 to 15 cm) and sub-
surface (15 to 30 cm) depths each. The source crude oil was 
also collected for comparison and information on the 
alteration of polycyclic aromatic hydrocarbon compositions 
by burning provided. Soil samples were collected with the 
aid of a stainless steel scoop, put in pre-cleaned glass jars, 
appropriately labelled and transported to the laboratory.  

 
 
Sample extraction and fractionation  
 
Five grams (5 g) of air dried burnt oil spilled soil samples 
were extracted by soxhlet method with hexane and 
dichloromethane (1:1) mixture used as the solvent. The 
source crude oil was deasphalted in excess pentane and the 
pentane soluble fraction carefully filtered into an extraction 
bottle using a filter paper fitted into a Buchner funnel. Oil 
residues extracted from the burnt oil spilled soil samples 
and the pentane soluble fraction were concentrated by 
evaporation at room temperature in a fume cupboard. Glass 
capillary column (30 cm × 1 cm) stocked with glass wool at 
the lower end and packed with activated silica gel was used 
to fractionate the concentrated extracts. The aromatic 
hydrocarbons were eluted from the column with 
dichloromethane and concentrated by evaporation at room 
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Table 1: Concentrations of PAHs (mg/kg) in the burnt oil spilled soil and source oil. 
 

Compound Oil 

 

BT-SF BT-SS 

Mean amount  ± Standard deviation 

Naphthalene (Nap) 85.8 87.9 ± 4.2 87.4 ± 4.0 

Acenaphthylene  (Acy) 64.4 137.8 ± 16.8 174.2 ± 20.5 

Acenaphthene (Ace) 43.1 47.6 ± 8.8 168.2 ± 31.5 

Fluorene (Fle) 61.8 55.4 ± 1.2 85.9 ± 1.9 

Phenanthrene (Phe) 58.6 31.4 ± 7.5 82.3 ± 20.8 

Anthracene (Ant) 5.0 27.0 ± 9.0 27.1 ± 8.2 

Fluoranthene (Fth) 10.7 191.4 ± 65.3 24.4 ± 7.5 

Pyrene (Pyr) 557.2 73.0 ± 12.0 124.7 ± 18.8 

Benzo (α) anthracene (BaA) 4.6 12.3 ± 5.9 18.6 ± 4.9 

Chrysene (Chr) 336.5 15.2 ± 8.2 25.3 ± 10.4 

Benzo(b)fluoranthene (BbF) 11.4 218.5 ± 84.1 25.3 ± 8.7 

Benzo(k)fluoranthene (BkF) 5.9 160.4 ± 70.9 30.4 ± 12.0 

Benzo(e)pyrene (BeP) 19.2 211.3 ± 90.2 92.4 ± 35.4 

Benzo(a)pyrene (BaP) 15.9 243.9 ± 33.5 80.7 ± 10.8 

Indeno(1,2,3-cd)pyrene (IP) 146.1 931.8 ± 9.7 389.8 ± 3.9 

Dibenzo(a,h)anthracene (DA) 24.9 956.4 ± 172.4 345.6 ± 61.6 

Benzo(g,h,i)perylene (BP) 90.7 184.8 ± 14.6 76.9 ± 5.8 

Total PAH 1541.6 3586.4 ± 614.3 1859.1 ± 266.6 
 

Oil: Source crude oil; BT-SF: Burnt oil spilled soil samples at surface depth; BT-SS: Burnt oil spilled soil samples at 
subsurface depth. 

 
 
temperature in a fume cupboard. 
 
 
PAH analysis 
 
Detailed compositional analysis of PAHs was performed 
using a Hewlett Packard (HP) 6890 gas chromatography 
(GC) system fused with a silica capillary column (30 m and 
0.25 mm id) and equipped with a flame ionization detector 
(FID). The concentrated aromatic hydrocarbon fractions 
were transferred into labelled glass vials with Teflon 
rubber caps and 1 μl injected into the capillary column GC 
system in a splitless injection mode with an automatic 
liquid sampler. Helium was used as the carrier gas. GC oven 
temperature for the PAH analysis was programmed from 
50 to 300oC at 10oC/min with a 2 min hold at 50oC and a 10 
min hold at 300oC. Compound peaks identification was 
based on retention times as compared to standards. Area 
integration and quantification of compound peaks was 
processed by Agilent’s chemstation software while Minitab 
15 statistical package was used for data analysis. 
 
 
RESULTS AND DISCUSSION 
 
Distribution of PAHs 
 
GC analysis of the burnt oil spilled soil samples and source 
oil identified 17 PAHs which ranged from naphthalene to 

benzo[g,h,i]perylene. Total PAH concentration of 3,586.4 
mg/kg (from 3,236.6 to 4,190.0 mg/kg) in surface soils was 
considerably higher than 1,859.1 mg/kg (from 1692.9 to 
2063.4 mg/kg) in subsurface soils and 1541.6 mg/kg in the 
source crude oil (Table 1).  

According to Maliszewska-Kordybach (1996), PAH 
concentrations >1000 mg/kg indicated the burnt oil spilled 
soils in Niger Delta were heavily contaminated both at 
surface and subsurface depths. Compared to the source 
crude oil, PAH concentrations in the burnt oil spilled soils 
were significantly high in surface samples, but moderate in 
sub-surface samples. This showed that burning increased 
PAH levels in the oil spilled soils more at surface than sub-
surface depth. From Table 1, Dibenz(a,h)anthracene (DA) 
and Indeno(1,2,3-cd)pyrene (IP) were the most abundant 
PAH in the burnt oil spilled soils. Their mean 
concentrations of 956.4 and 931.8 mg/kg constituted 26.97 
and 25.98% of total PAHs in surface samples and 345.6 and 
389.8 mg/kg constituted 18.59 and 20.97% of total PAHs in 
subsurface samples, respectively (Table 1). These 
concentrations were higher than the concentrations of 
24.86 and 146.10 mg/kg in the source oil which constituted 
1.61 and 9.48% of total PAHs respectively.  

On the contrary, concentrations of Pyr 72.96 mg/kg and 
Chr 15.22 mg/kg which constituted 2.03 and 0.42% of total 
PAHs in surface samples and 124.73 and 25.28 mg/kg 
which constituted 6.71 and 1.36% of total PAHs in 
subsurface samples respectively, were lower than 
concentrations of 557.17 mg/kg (36.14%) and 336.46 
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Figure 2: Hierarchical cluster analysis (HCA) grouping of the samples according to similarities in the 
composition of PAHs

 
mg/kg (21.83%) in the source oil. Pyr and Chr are 
petroleum characteristic PAH compounds derived from 
crude oil, while IP and DA are high molecular weight 
(HMW) compounds which occur as minor components in 
crude oils (Wang, 2009).  

The results from this study revealed burning of the oil 
spilled soils significantly depleted the petroleum 
characteristic PAHs, Pyr and Chr and increased the 
amounts of DA and IP. These PAHs alterations were more at 
the surface than the sub-surface depth. 
 
 
PAH compositional variation among samples 
 
Chemical fingerprinting interpretations used for oil spill 
source identification, differentiation and correlation are 
most reliable when supported by statistical analysis 
(Aboul-Kassim and Simoneit, 1995; Stout et al., 2001; 
Christensen et al., 2004). Hierarchical cluster analysis 
(HCA) is a multivariate statistical approach employed to 
sort out differences and test for correlations between and 
within sample groups (Hostettler et al., 2004; Onyema et al., 
2013). HCA was used for comparison of PAH composition 
data between the burnt oil spilled soil samples and source 
oil. The PAH compositional similarities of the samples were 
put in a pictorial form to make correlation easier (Figure 2).  

Figure 2 presents a HCA grouping of the source oil and 
burnt oil spilled soil samples according to their PAH 
compositional similarities  namely; variations. HCA 

dendogram showed PAH composition of the source oil 
differed significantly from the burnt oil spilled soil samples 
at surface depth, but moderately similar to samples at 
subsurface depth (58.21%). This indicated that burning of 
the oil spilled soils was effective at surface depth and 
altered the PAH composition significantly, while at sub-
surface depth moderate similarity was due to ineffective 
burning.  

PAHs composition similarity among surface soil samples, 
BT-03, BT-05, BT-07 and BT-09 ranged from 68.76 to 
84.24% and among sub-surface soil samples BT-23, BT-25, 
BT-27 and BT-29 ranged from 88.61 to 91.42%. The 
reduced similarity and wider range among surface samples 
indicated burning of the oil spilled soils was more efficient 
at surface than the sub-surface depth. 
 
 
PAH correlation and alteration pattern  
 
Principal component analysis (PCA) was applied to test for 
correlation among PAHs in the samples and provide 
information on their alteration caused by burning of the oil 
spilled soils. This statistical tool was adopted in 
environmental forensic studies. It depicts relationships 
among variables and assesses each variable’s contribution 
to the overall variance of the data (Burns et al., 1997; Stella 
et. al., 2002; De Luca et al., 2004). PCA result showed that 
94.5% of the total variance among PAHs was explained by 
four principal components. Principal component 1 (PC1)
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Figure 3: Principal component analysis plot showing the correlation among individual PAHs. Nap: naphthalene, Acy: 
acenaphthylene, Ace: acenaphthene, Fle: fluorene, Phe: phenanthrene, Ant: anthracene, Fth: fluoranthene, Pyr: pyrene, 
BaA: benzo[a]anthracene, Chr: chrysene, BbF: benzo[b]fluoranthene, BkF: benzo[k]fluoranthene, BeP: benzo[e]pyrene, 
BaP: benzo[a]pyrene, IP: indeno[1,2,3-cd]pyrene, DA: dibenzo[a,h]anthracene, BP: Benzo[g,h,i]perylene. 

 
 

Table 2. Concentrations of PAH groups (mg/kg) in the samples. 
 

Sample Group 1 Group 2 Group 3 Group 4 

Oil 159.80 163.52 893.63 324.69 

Concentrations of PAH groups at surface depth (mg/kg) 

BT-03 266.45 129.42 77.64 3056.76 

BT-05 231.66 135.11 78.34 2791.53 

BT-07 309.33 141.01 117.56 3622.08 

BT-09 252.98 132.26 79.18 2924.15 

Mean 265.10 134.45 88.18 3098.63 

 

Concentrations of PAH groups at subsurface depth (mg/kg) 

BT-23 350.14 351.27 187.62 1174.38 

BT-25 311.60 311.27 129.66 1049.56 

BT-27 305.83 344.72 156.79 1070.79 

BT-29 261.52 338.17 125.96 967.20 

Mean 307.27 336.36 150.01 1065.48 
 

 
 
explained 55.8% of total variance, PC2 (28.4%), PC3 
(10.2%) and PC4 (3.8%). 

Figure 3 showed that PCA plot separated the PAHs into 
four groups based on their composition similarities in the 
samples. The first group include Nap, Acy, Ant and BaA. 
They are 2 to 4 ring PAHs and are loosely clustered on the 
PC plot. The second group include Ace, Fle and Phe which 
are closely clustered on the PC plot. They are all 3-ring 
PAHs and petroleum characteristic, while the third group 
include Pyr and Chr. They are 4-ring PAHs and petroleum 
characteristic (Wang et al., 2003). Pyr and Chr are the most  

abundant PAH in the source oil with total concentration of 
893.6 mg/kg which accounted for 57.97% of total PAHs. 
The fourth group include Fth, BbF, BkF, BeP, BaP, DA, IP 
and BP and are 4 to 6 ring PAHs. They are clustered tightly 
on the PC plot. These high molecular weight (HMW) PAHs, 
some of which are known carcinogens, are minor 
components in crude oils (Wang, 2009).   

Table 2 shows the total concentrations of the four PAH. 
Total concentrations of the first group PAHs ranged from 
231.7 to 309.3 mg/kg in surface samples and 261.5 to 350.1 
mg/kg in sub-surface samples (Table 2). Their mean

http://en.wikipedia.org/wiki/Benzo(k)fluoranthene
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concentrations, which accounted for 7.39 and 16.50% of 
total PAH in surface and subsurface samples respectively, 
were slightly higher than concentration of 159.8 mg/kg in 
the source oil. This indicated the first group PAHs, Nap, Acy, 
Ant and BaA increased in small amounts in the burnt oil 
spilled soils.  

Total concentrations of the second group PAHs ranged 
from 129.4 to 141.0 mg/kg in surface samples and 311.3 to 
351.3 mg/kg in sub-surface samples. Their mean 
concentrations accounted for 3.78 and 18.16% of total PAH 
in surface and sub-surface samples respectively. These 
concentrations varied from concentration of 163.5 mg/kg 
in the source oil suggesting a slight degradation of the 
second group 3-ring PAHs, Ace, Fle and Phe in the burnt oil 
spilled soils at surface depth. The third group PAH, Pyr and 
Chr are petroleum characteristic PAHs. They are the most 
abundant 4-ring PAH in the source oil with total 
concentration of 893.6 mg/kg, which accounted for 57.97% 
of total PAHs. Reduced concentrations of Pyr and Chr in 
surface samples, from 77.6 to 117.6 mg/kg and in sub-
surface samples from 126.0 to 187.6 mg/kg, indicated 
extensive degradation of the third group PAH by burning 
the oil spilled soils. Total concentration of the fourth group 
PAHs in the source oil was 324.7 mg/kg and accounted for 
21.06% of total PAHs. In the burnt oil spilled soils, total 
concentrations of the fourth group PAHs range from 2791.5 
to 3622.1 mg/kg in surface samples and 967.2 to 1174.4 
mg/kg in sub-surface samples (Table 2). Total 
concentrations of the fourth group PAHs, which range from 
2791.5 to 3622.1 mg/kg in surface samples and 967.2 to 
1174.4 mg/kg in sub-surface samples, were higher than 
324.7 mg/kg in the source oil. Their concentrations 
dominated PAH composition profile in the burnt oil spilled 
soils at surface (86.39%) and sub-surface (57.33%) depths 
and indicated that burning enriched the oil spilled soils 
with the fourth group PAHs, Fth, BkF, BbF, BeP, BaP, IP, DA 
and BP, most of which are carcinogenic.  
 
 
Conclusions 
 
This study revealed the burnt oil spilled soils were heavily 
contaminated by PAHs with concentrations higher than in 
the source oil. Distribution of PAHs from GC-FID analysis 
showed dominance of HMW over LMW with DA and IP 
being most abundant. Statistical analysis of GC data 
revealed burning the oil spilled soils altered the PAH 
compositions significantly at surface depth and moderately 
at sub-surface depth. The alterations are of 2 main types: 
degradation of petroleum characteristic 3 to 4 ring PAH and 
enrichment of the HMW 4 to 6 ring PAHs, most of which are 
carcinogenic. 
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