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KEYWORDS Abstract Detailed compositional analysis by gas chromatography—flame ionization detection
Fingerprinting; (GC-FID) was employed to elucidate an oil spill in the Niger delta by fingerprinting tech-
PAHs; nique. Distribution patterns of normal alkanes and isoprenoids show nCg to nCyy petroleum
Isoprenoids; hydrocarbons. The diagnostic ratios such as Pr/Ph ranged from 1.52 to 2.17; Pr/nC;; ranged
Diagnostic ratios; from 0.31 to 0.51; Ph/nC;g ranged from 0.14 to 0.99; nC,5/nC;g ranged from 0.93 to 3.52; CPI
Gas chromatography ranged from 0.97 to 1.13; (Pr + nC;7)/(Ph + nCg) ranged from 1.10 to 2.25; Ph/anth ranged

from 0.28 to 1.11; BaA/Ch ranged from 0.57 to 2.90; FI/Py ranged from 1.24 to 2.90. The
ratio FI/Py which is greater than unity (>1) is an indication of the petrogenic source of
PAHs. Statistical analyses such as principal component analysis and cluster analysis were also
applied as supporting tools. PCA loadings and scores plots carried out on selected parameters
obtained from the analysis of the oil spill show that PC1 and PC2 together represented 95.4%
(55.8% and 39.6% respectively) of the variability. The high similarity level of the results
obtained from the cluster analysis which is 98%, shows that the spilled oil originated from

a common source.
© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research
Institute. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction oil is spilled into marine waters and onto soil by tankers,
barges, vessels, and from land pipelines. The oil spill causes
Oil spill has become a global problem, both in developing and extensive damage to marine life, terrestrial life, human health,

industrialized countries. This is because million of gallons of and r.latural.re§ources [1]: ‘ _
Fingerprinting techniques require using a gas chro-
T .. matograph in analyzing the spilled crude oil for hydrocarbon
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Chemical fingerprint represents the relative concentration
of compounds present in the analyzed oil. This is usually rep-
resented in a chromatogram which is obtained on completion
of the analysis with a hydrocarbon range from C,— to —Cys, It
shows the components of the analyzed oil and these compo-
nents can be used in calculating various diagnostic ratios.

Several instrumental and non-instrumental techniques have
been employed in analysis of spilled oil on the impacted site.
Some of these techniques which are currently used in the anal-
ysis of crude oils, and oil spill include hydrocarbon fingerprint-
ing or gas chromatography (GC), gas chromatography — mass
spectrometry (GC-MS), high performance chromatography
(HPLC), thin layer chromatography (TLC), and ultra violet
(UV) spectroscopy [1,3.4].

Gas chromatographic technique has been used successfully
in the determination of hundreds of hydrocarbons and
other organic compounds including Total Petroleum
Hydrocarbons (TPH) and polycyclic aromatic hydrocarbons
(PAHs). It is an ideal tool in analyzing gas and liquid samples,
thus allowing the researcher to identify both the type of molec-
ular species present, their concentrations, and also obtain
information from hydrocarbon samples (free product) by
determining the composition of the hydrocarbons present [5,6].

2. Materials and methods

2.1. Description of sampling site

The study site, Agbada oil field falls within latitude 6° 490'E to
7° 530’E and longitude 4° 470'N to 5° 1430'N (Fig. 1). Itis a
moderately populated sub-urban environment in Ikwerre
Local Government Area of Rivers State, Nigeria. Agbada is
vulnerable to crude oil pollution due to the network of pipeli-
nes connecting Rumuekpe and Ibaa communities located in
the outskirts of Port Harcourt City in Rivers state. This is a
source of crude oil leakage into the environment. At the time
of the sampling, the total quantity of crude oil spill was not
known.

2.2. Field reconnaissance and sampling

Field reconnaissance was carried out to delimit the area to be
sampled. Sampling used the grid method reported by [7]. Six
replicate soil samples were collected from the surface and sub-
surface at depths of 0-15 and 15-30 cm, respectively, using a
hand auger. The soil samples were transferred into acid-

Figure 1

| | I T
S AS0°E 6°S430°E T OO'E 7*530°E
5°1430°N s s~
‘ _ .Uborum
P —__*Apaini BH1
: frae oA e
: T"| - Umb-Anyanmele — D —
y | A B |
5*00'N — ! s .
} \ e " BHz2 590N |
/i e B SEWAGE DUMP SITE D
_eicle Ve e L
I'.' l\ ;"- .'I o s EH3
s'sson | /| T\ Omunwa Ame mae BHS I]u.}’b 5°350°N
|,l b lp?-.n ‘4_; ";:’ QC‘
«.___..v’l Ozuaha _Omue}:,he e
e I : DB"“
I ‘| Rumu-Eketu ]
a*s80'N [ Nkarahid | Rumd-ola
Azuminf Isickpo | -Omagwa-_ | \ rp——
. ! Rumu-Eke o lgwuruta
J——" ] WSewage Dump Site
iri IsidEiagta et |« | RUmuesara
7 Rupmu-lkume ~{ “Rurmuchilou
. impoka oo e L
4°5230°N S5 :f- - lRUmUQ‘D ﬁl- - ""-;Encka . R
--(:'-Chiobﬂ_"'];; —_ Omulgwe [‘.
[ Alakahfa .« /7 ] a2°s230°N |
L Nkgo . /| Rumiikbc :
et |\~ Obogora™ L |
— Rumolumeni (YBROECro St umanwbta {
s duregs Sile & e !
BH = Ao ahale k- ~Egbefu- » n Akpajo
*~ Commurity Le _<Alepuranwon’ N
ATATON -~ Bowsmdary \ ¢“?"mjg]bu osimirl” - A*470'N
— 1= River S e o0 3 6 KM
- Roads . 1 1 | |
£"ASC°E 6°S430°E 7 00'E e
Agbada Oil Field

Map of study area showing Agbada oil field.



Chemical Fingerprinting and diagnostic ratios of Oil Spill Impacted Sites in Nigeria

467

A ] |
14000 §

PRISTANE

12000

CA7-

100004 | |

--G48— PHYTANE

8000 -|

S

6000 -

4000

2000

ﬁﬁﬂ,

0
0

Figure 2

washed polyethylene bags and taken to the laboratory for
analysis

2.3. Sample preparation and whole — oil gas chromatographic
analysis

Five grams (5 g) of oil spill soil samples were weighed into a
clean dry beaker. 10 ml of hexane was used for the extraction
of the soil samples. The sample was filtered with watchman

Representative fingerprints showing TPH fractions of the samples.

filter paper and sent to the laboratory for gas chromatographic
analysis.

The crude oil extract from soil samples were subjected to
whole oil-gas chromatographic analysis (#Cg through nCys),
TPH and PAHs. This was performed on a Hewlett—Packard
(HP) 5890 gas chromatograph equipped with a flame-
ionization detector (FID) and an HP 7683 autosampler. The
sample (1 pL) was injected in splitless mode by means of
syringe through a rubber septum into the column. Detector
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Figure 3  Representative fingerprints showing PAHs fractions of the samples.
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(FID) and injector temperatures were kept at 250 and 280 °C
respectively. The oven temperature was programed from 60
to 280 °C at 4 °C/min with an initial hold time of 1 min and
a final hold time of 15 min. Helium at a linear velocity of
2 mL/min was used as carrier gas. The data were collected
from a retention time of 0-71 min [6].

2.4. Statistical analysis of data

Multivariate statistical analysis such as Hierarchical Cluster
Analysis (HCA) and principal component analysis based on
factor analysis (PCA/FA) was applied in conjunction with
quantitative oil analysis data to increase the precision of
obtained analytical data to differentiate similar oils. Some of
statistical analysis that has been used include principal compo-
nents analysis, discriminant analysis and cluster analysis. The
principal components analysis (PCA) is the most widely used
multivariate analysis technique. It is used to transform original
sample composition data into new, smaller and uncorrelated
variables called principle components. For data sets with a
large number of interrelated variables, PCA is a powerful tool
for analyzing the structure of the data and reducing the dimen-
sionality of the pattern vectors. The hypothesis is based on
expressing the total variance of the variables with two factors,
accounting for the maximum variance of the variables [1,8
10,11].

The multivariate statistical method makes it easy for the
relationships between multiple samples and variables (diagnos-
tic ratios) to be resolved and visualized using score and loading
plots. It is widely employed in environmental studies for
grouping different parameters in order to recognize pollution
sources. HCA used in the study was calculated using Ward’s
method where cluster membership is assessed by calculating
the total sum of squared deviation from the mean of a cluster
by using square Euclidean distance formulae. Multivariate sta-
tistical methods such as Hierarchical Cluster Analysis (HCA)
and principal component analysis (PCA) were used in analyses
of data. HCA was also carried out using the same variables.
Complete linkage method was adopted and the distance mea-
sured is Squared Euclidean, two (2) clusters were extracted and
a dendrogram was derived using Minitab version 17 for the
analysis data.

This paper is aimed at identifying and differentiating the
hydrocarbon source, the distribution patterns of normal alka-
nes, isoprenoids and the PAHs in the Agbada spill impacted
site using fingerprinting and multivariate statistical techniques.

3. Results and discussion

3.1. Oil spill identification

The profiles of the gas chromatogram, carbon range, and
major component distribution pattern of Total Petroleum
Hydrocarbon (TPH) and polycyclic aromatic hydrocarbons
(PAHs) were used to identify the oil spill as shown in Figs. 2
and 3 (Tables 1 and 2). The gas chromatogram shows they
are composed largely of n-alkanes and isoprenoids. The range
of the distribution of the n-alkanes in analyzed oil spill samples
is of nCg to nCy;. This chemical composition aligns with the
characteristic hydrocarbon range for crude oils [12,13]. Low
molecular weight hydrocarbons (<nCg) were not observed

(Table 1), probably because of evaporative loss during sample
processing or weathering of oil spill samples after the incident
and the chemical composition of aliphatic components had not
undergone significant alteration [12].

The ratios of isoprenoids to n-paraffin are often used for
oil-source correlation, maturation and biodegradation
studies.

PAHs are resistant to weathering than their saturated
hydrocarbon counterparts (n-alkanes and isoprenoids) and
volatile alkylbenzene compounds, thus making them one of
the most valuable classes of hydrocarbons for oil spill identifi-
cation [1,11,14]. The high molecular weight PAHs containing
4, 5, and 6 rings are more stable and are therefore useful as
diagnostic constituents of petroleum [15].

3.2. Distinguishing pyrogenic hydrocarbons from petrogenic
hydrocarbons

The distributions of the polycyclic aromatic hydrocarbons
were used to distinguish the pyrogenic PAHs from the
petrogenic hydrocarbons (Table 2). One of the features is the
dominance of the high molecular weight (4-6 ring) PAHs over

Table 1 Total Petroleum Hydrocarbon (TPH) content of
samples in mg/kg.

Samples
Hydrocarbon fraction 1 2 3 4
Cg — - - —
Cy - - - -
Cio 24.10 24.10 23.60 23.60
Cyy 29.98 29.98 24.65 24.65
Ci» 61.75 61.75 34.63 34.63
Ci; 59.65 59.65 34.73 34.73
Cis 64.88 64.88 36.39 36.39
Cis 64.82 64.82 36.46 36.46
Cie 43.32 43.32 66.32 66.32
Pristane 87.27 87.27 45.06 45.06
Ciy 278.05 278.05 89.04 89.04
Phytane 40.17 40.17 29.71 29.71
Cig 292.10 292.10 29.95 29.95
Cyo 248.02 248.02 83.55 83.55
Cyo 43.29 43.29 42.48 42.48
Cy 64.51 64.51 34.82 34.82
Cy 49.65 49.65 28.85 28.85
Co; 32.87 32.87 3.88 3.88
Coy 75.66 75.66 103.19 103.19
Cys 271.04 271.04 105.45 105.45
Cyg 270.38 270.38 91.64 91.64
Cy 238.55 238.55 100.48 100.48
Cyg 319.68 319.68 98.31 98.31
Cyo 264.00 264.00 104.84 104.84
Cso 288.24 288.24 113.97 113.97
Csy 330.53 330.53 125.95 125.95
Csy 255.22 255.22 89.59 89.59
Cs3 216.67 216.67 86.14 86.14
Csy 209.63 209.63 87.15 87.15
Css 165.29 165.29 64.54 64.54
Cae 67.44 67.44 - -
Cs; 79.29 79.289 - -
Cag 98.39 98.39 - -
Csg 79.21 79.21 - -
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Table 2 Polycyclic aromatic hydrocarbon content of samples
in mg/kg.

Table 4 Unrotated factor loadings and communalities of
diagnostic ratios.

Samples Variable Factor 1  Factor 2  Communality

Polycyclic aromatic hydrocarbons 1 2 3 4 Pr/Ph —0.99 0.06 1.00

Naphthalene 14.79 1.85 264  3.49 Pr/nC; 0.99 —0.06 1.00

Acenapthylene 7129 5537 1811 16.61 Pt g 099 —0.06 1.00

2-Bromonapthalene 5191 1903 849 987 nCas/nCs 099 —006 100

Acenaphthylene 56.63 4524 23.05 1371 CPI 0.17 0.80 0.66

Fluorene 5243 2202 568 1613 (Pr + nCy7)/(Ph + nCrg)  0.99 ~0.06 1.00

Phenanthrene 7292 3350 9.82 10.70 Clayailh -006 099 098

Anthracene 65.63 60.83 3497 14.72 BaA/Ch 0.06 0.99 0.98

Fluoranthene 43.63 4007 1797 444 Fl/Py 0.06 0.99 0.98

Pyrene 27.55 3244 1322 1.53 Variance 5.02 3.57 8.59

Benzo(a)anthracene 7.83 2979  9.00  0.90 % Var 0.56 0.40 0.95

Chrysene 13.65 14.07 3.10 0.42

Benzo (b, j, k)fluoranthene 39.09 4945 12.56 6.20

Benzo (a) pyrene 60.76 29.75  5.09 10.44

lhszas (1, 2, Sestl) pyireine 5893632 1851 4.56 Table 5 Eigen analysis of the correlation matrix for PCA.

Dibenzo (a, h) anthracene 3.36 2320 8.70 1.75

Benzo (g, h, i) perylene 0.82 7.10 1.40 0.69 Eigen value 5.02 3.57 0.41 0.00 0.00 —0.00
Proportion 0.56 0.40 0.05 0.00 0.00 —0.00
Cumulative 0.56 0.95 1.00 1.00 1.00 1.00

the low molecular weight (2-3 ring) PAHs [14]. Other criteria
used in differentiating petrogenic and pyrogenic PAHs from
others include the use of different ratios such as phenan-
threne/anthracene, fluoranthene/pyrene, benz(a) anthracene/
chrysene [16,17]. The phenanthrene/anthracene, ratios are
often used because phenanthrene is a common constituent of
crude oil while anthracene is relatively more abundant in pyro-
genics. Most crude oils usually show ratios less than 0.01.

Table 3 Calculated diagnostic ratios.

Heavy crude oil fractions such as Bitumen and other heavy
fuels show higher ratios in the range of 0.01-0.05 while soot
samples show ratios in the range of 0.8-2.0 [1]. The calculated
Ph/anth ratio from the impacted site ranges from 0.28 to 1.11
(Table 3). This ratio is greater than the range stipulated for
crude oils. The inference is that the area under study may have

Samp. Pr/Ph Pr/nC,; Ph/nCq nCys/nCig CPI (Pr + nCy7)/(Ph + nCig) Ph/anth BaA/Ch Fl/Py
1 2.17 0.31 0.14 0.93 1.03 1.10 1.11 0.57 1.58
2 2.17 0.31 0.14 0.93 1.03 1.10 0.55 2.12 1.24
3 1.52 0.51 0.99 3.52 1.13 2.25 0.28 2.90 1.36
4 1.52 0.51 0.99 3.52 0.97 2.25 0.72 2.14 2.90
Loading Plot of the calculated ratios of TPH and PAHs
FI/Py
10 BaA/Ch
0.5
S
2 (Pr + nC17)/(Ph + nC18)
Q C25/nC18
i Pi/Ph " eh/ncis
- 00 Pr/nC17
[
Q
(3]
)
-05
-1.0 Ph/anth
-10 -0.5 0.0 05 10
First Factor

Figure 4 PCA loading plot for the calculated ratios.
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Dendogram of the calculated ratios of TPH and PAHs
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Figure 5 Dendogram for Hierarchical Cluster Analysis of the calculated ratios.

been exposed to bush burning which is a common incidence in
this area.

The biogenic and petrogenic hydrocarbons can be differen-
tiated from each other. When there is a spill incident, hydro-
carbons often mix with background source in the impacted
area. Source of biogenic hydrocarbons are biological processes
which contribute to the background hydrocarbons in the
impacted area. These biogenic hydrocarbons are from land
plants, phytoplankton, animals, bacteria, macroalgae and
microalgae [1].

Some researchers such as [18-20] have shown some of the
characteristics of these biogenic hydrocarbons which include:
high carbon preference index (CPI). This value is approxi-
mately 1 for crude oils and High pristane/phytane ratios.
The result in Table 3 shows CPI ranged from 0.97 to 1.03
(approximately 1) and a relatively high Pr/Ph ratio of 1.52—
2.30. This depicts the source of the spill is crude oil or
petroleum.

3.3. Application of multivariate statistical analysis in oil spill
identification

The multivariate statistical methods make it easy for the rela-
tionships between multiple samples and variables (diagnostic
ratios) to be resolved and visualized using score and loading
plots. It is widely employed in environmental studies for
grouping different parameters in order to recognize pollution
sources [1].

Principal component analysis (PCA) loadings and scores
plots were carried out on selected parameters obtained from
the analysis of the oil spill soil samples (Fig. 4, Table 4). The
estimated eigenvalues of the two factors of principal compo-
nent (PC), PCl1 to PC3 were 5.02 and 3.57 respectively
(Table 5). Generally, higher eigenvalues, account for more
variance that can be accounted for by the corresponding fac-
tors [21,22]. PC1 and PC2 together represented 95.4%
(55.8% and 39.6% respectively) of the variability, while PC3
represented 4.6% only. Therefore, PC1 and PC2 can be used

to interpret the relationship between oil spill samples. The cor-
relation between each variable and each principal component
is very significant showing a single source of the oil spill
samples.

Cluster analysis encompasses a number of different meth-
ods which organize objects (observations) into groups called
clusters. Objects within the clusters are similar, whereas objects
in different clusters are dissimilar [11,23]. Results of cluster
analysis are shown in Fig. 5. Two groups of variable associa-
tions with eigenvalue >1 were extracted in the analysis. The
ratios were fused into clusters because of their relative similar-
ity at each site and their coefficients. The first group comprises
Pr/Ph, Ph/anth, CPI, BaA/Ch, and F1/Py. The level of similar-
ity of the variables is between 53% and 75%. The second
group comprises of Pr/nC;;, Ph/nCis, (Pr + nC,;/Ph
+ nCig) and nCys/nC;g (Fig. 5). The similarity level of these
variables is about 98%. These parameters belonging to the
same cluster/group are likely to have originated from a com-
mon source. The high level of similarity of the later variables
is a strong conformation of common source of the spilled oil
[24,25].

4. Conclusion

The results of the chemical fingerprinting obtained in this
study presuppose a high level of contamination at the affected
site. The calculated diagnostic PAHs ratios showed mixed
sources of hydrocarbons (petrogenic and pyrogenic). The
principal component analysis (FA/CA) applied to the
ratios of isoprenoids to n-paraffin showed high-level similarity
which indicates a common source of the oil spill. The high
level of hydrocarbon in the soil may affect the occupation of
the people which is predominantly farming. The presence of
such levels or range of hydrocarbons at the study site might
impede agricultural productivity because large amounts of
hydrocarbon in soils discourage plant growth which in turn
affects animals that depend on these plants for food and
shelter.



Chemical Fingerprinting and diagnostic ratios of Oil Spill Impacted Sites in Nigeria 471

Acknowledgements

The authors are grateful to the staff of Plant anatomy and
physiology research laboratory of the University of Port Har-
court, Choba, Rivers state Nigeria for their assistance during
the laboratory analyses.

References

[1] Z. Wang, M. Fingas, D.S. Page, J. Chromatogr. A 843 (1999)
369-411.

[2] I.A. Udoetok, L.C. Osuji, J. Environ. Monit. Assess. 141 (2008)
359-364.

[3] I.R. Kaplan, Y. Galperon, in: T.J. Boisll, B.J. Luther (Eds.),
Ground Water and Soil Contamination: Technical Preparation
and Litigation Management, Wiley, New York, 1996.

[4] Z.D. Wang, M.F. Fingas, Mar. Pollut. Bull. 47 (2003) 423-452.

[5] J.M. Hunt, Petroleum Geochemistry and Geology Freeman and
Company, New York, USA, 1996, pp. 231-238.

[6] K.E. Peters, C.C. Walters, J.M. Moldowan, The Biomarker
Guide: Interpreting Molecular Fossils in Petroleum and Ancient
Sediments, Cambridge University Press, Cambridge, 1999.

[7] L.C. Osuji, C.M. Onojake, Chem. Biodivers. 1 (2004) 1708—
1715.

[8] W. Odden, O.M. Kvalheim, Appl. Geochem. 15 (2000) 611-627.
[9] K. Cheng, Y. Xiong, X. Zeng, Acta Pet. Sin. 23 (2002) 13-17.
[10] Y. Xiong, K. Cheng, Z. Yang, Pet. Explor. Dev. 31 (2004) 36—

39.
[11] M.C. Onojake, N.C. Oforka, L.C. Osuji, Geosci. J. 18 (3) (2014)
365-371.

[12] Z. Wang, M.F. Fingas, L. Sigouin, LCGC 18 (10) (2000) 1058—
1067.

[13] M.C. Onojake, N.C. Oforka, L.C. Osuji, Scholars Res. Libr.
Arch. Appl. Sci. Res. 4 (1) (2012) 246-253.

[14] S.C. Brassel, G. Eglinton, J. Albaiges, Analytical Techniques in
Environmental Chemistry, Pergamon Press, Oxford, 1980, pp.
1-22.

[15] L.C. Osuji, D.I. Iniobong, C.M. Ojinnaka, Environ. Forensics 7
(2006) 259-265.

[16] K.T. Benlahcen, A. Chaoui, H. Budzinski, J. Bellocq, P.H.
Garrigues, Mar. Pollut. Bull. 34 (5) (1997) 298-305.

[17] J.C. Colombo, E. Pelletier, C. Brochu, M. Khalil, J.A. Catoggio,
Argentina, Environ. Sci. Technol. 23 (1989) 888-894.

[18] G.S. Douglas, A.E. Bence, R.C. Prince, S.J. McMillen, E.L.
Butler, Environ. Sci. Technol. 30 (1996) 2332-2339.

[19] D.S. Page, P.D. Boehm, G.S. Douglass, A.E. Bence, W.A.
Burns, P.J. Mankiewiezi, Environ. Toxicol. Chem. 15 (8) (1996)
1266-1281.

[20] Z. Wang, M.F. Fingas, D.S. Page, J. Chromatogr. 843 (1999)
369-411.

[21] T. Reemtsma, V. Ittekott, Org. Geochem. 18 (1992) 121-129.

[22] K. Stojanoviz, B. Jovancizevie, D. Vitorovie, Y. Golovko, G.
Pevneva, A. Golovko, J. Serb. Chem. Soc. 72 (2007) 1237—-1254.

[23] M.C. Onojake, S. Abrakasa, L.C. Osuji, Egypt. J. Pet. 24 (2015)
139-143.

[24] M.C. Onojake, O. Omokheyeke, J.O. Osakwe, Eur. Chem. Bull.
3(2) (2014) 179-182.

[25] Z.D. Wang, C. Yang, M. Fingas, B. Hollebone, X. Peng, A.
Hansen, J. Christensen, Environ. Sci. Technol. 39 (2005) 8700—
8707.


http://refhub.elsevier.com/S1110-0621(15)30060-X/h0005
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0005
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0010
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0010
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0015
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0015
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0015
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0015
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0015
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0015
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0020
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0030
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0030
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0030
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0030
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0035
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0035
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0040
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0045
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0050
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0050
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0055
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0055
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0060
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0060
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0065
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0065
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0130
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0130
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0130
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0130
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0075
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0075
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0080
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0080
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0085
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0085
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0090
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0090
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0095
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0095
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0095
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0100
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0100
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0105
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0135
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0135
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0115
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0115
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0120
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0120
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0125
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0125
http://refhub.elsevier.com/S1110-0621(15)30060-X/h0125

	Chemical fingerprinting and diagnostic ratios of Agbada-1 oil spill impacted sites in Niger Delta, Nigeria
	1 Introduction
	2 Materials and methods
	2.1 Description of sampling site
	2.2 Field reconnaissance and sampling
	2.3 Sample preparation and whole – oil gas chromatographic analysis
	2.4 Statistical analysis of data

	3 Results and discussion
	3.1 Oil spill identification
	3.2 Distinguishing pyrogenic hydrocarbons from petrogenic hydrocarbons
	3.3 Application of multivariate statistical analysis in oil spill identification

	4 Conclusion
	Acknowledgements
	References


