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ABSTRACT

Surface sediments from coastal areas of Bonny river in the Southeastern Niger Delta region of Nigeria were
characterized for n-alkane and polycyclic aromatic hydrocarbon (PAH) compositions using gas chromatography-mass
spectrometry (GC-MS) technique. The total n-alkane (TNA) concentrations in the study area ranged from 1.65-12.66
mg/kg dsw. The mean concentrations of n-alkanes Ci¢ - Cyg for the sediments ranged from 0.11- 10.31mg/kg dsw, with the
highest mean value recorded for n-alkane C,;. CPI values ranged from 0.31 - 1.65, and a predominance of odd/even carbon
n-alkanes with unimodal distributions were observed for the entire stations. Factor analyses reduced the data set into three
principal components (PCs) confirming mixed inputs from biogenic (71.48%), anthropogenic (11.61%) and
microbial/bacterial (7.90%) sources of n-alkanes. Twenty four (24) parent and alkylated homologous PAHs of dominant
pyrogenic origin were detected in stations from the study area, with total PAH concentrations in the range of 2.13-

16.72mg/kg.

Keywords: hydrocarbon sources, n-alkanes, polycyclic aromatic hydrocarbons, PAH distribution indices, factor analysis, Bonny river.

INTRODUCTION

Hydrocarbons are present in  worldwide
environmental ecosystems, and their potential to cause
adverse effects is usually associated with the concentration
of  polycyclic aromatic  hydrocarbons  (PAHS).
Hydrocarbons found in surface sediments reflect both
natural and anthropogenic inputs as well as diagenetic
processes taking place within the water column and during
transport and  sedimentation [1].  Hydrocarbon
contaminants have been released, over the years, into the
Niger Delta coastal environment from different sources
such as untreated effluents, domestic sewages, animal
droppings, bush/wood burning, atmospheric fallouts,
traffic boat engines and crude oil spills. Understanding
contaminant hydrocarbon sources, transport and fate in
estuaries is important as these are regions of both high
pollution input and resource use. In spite of anthropogenic
pressure, estuaries remain dynamic and productive
ecosystem of immense ecological, environmental and
economic value [2].

Polycyclic aromatic hydrocarbons (PAHSs) are
one of the major categories of pollutants entering the
marine environment and finally accumulating in the
sediments. Their occurrence raises major concerns for
human health, especially during coastal activities (bathing
waters, aquaculture, etc), having combined adverse effects
still largely unknown when they are present as mixtures.
Moreover, during their remobilization (e.g. dredging
activities), their bioavailability can increase resulting in a
risk for marine environment [3].

Anthropogenic sources of PAHs are from direct
runoff and discharges and indirect atmospheric deposition,
i.e.,, from waste and releases/spills of petroleum and

derivatives such as river runoff, sewage outfalls, maritime
transport, pipelines, and combustion or pyrolysis of
organic matter such as petroleum, coal, and wood [4-10].
Anthropogenic sources of PAHs can be broadly classified
as pyrogenic (combustion origin) and petrogenic
(petroleum origin). Whereas pyrogenic sources include
combustion processes (e.g., fossil fuel combustion, forest
fires, shrub and grass fires), the petrogenic input is closely
related to petroleum products (e.g., oil spills, road
construction materials).  And the pyrogenic inputs
(anthropogenic combustions) are largely prevalent in
aquatic environments. These compounds tend to interact
with different types of environments and are subjected to
many processes that lead to geochemical fates such as
physico-chemical transformation, biodegradation, and
photooxidation. Therefore, PAH characterization and the
correlation of PAHs to known or suspected sources
become a challenge.

Many PAH molecular ratios have reportedly been
used to help to identify the PAH sources, whether
petrogenic, biogenic, or pyrogenic in environmental
samples [4-8, 11, 12]. The difficulty remains with the
complexity of the samples themselves and the weathering
effects on the composition of the original source of the
compounds. Furthermore, PAHs from pyrogenic and
petrogenic sources exhibit different chemical behaviors
and distribution in marine sediments. In particular, PAHs
from pyrogenic processes are more strongly associated to
sediments and much more resistant to microbial
degradation than PAHs of petrogenic origin [13]. The
presence of high molecular weight (HMW) PAHSs
indicates likely pyrogenic source, while the presence of
low molecular weight (LMW) PAHs implies likely
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petrogenic origin of PAHs [14]. However, tracking the
sources of PAHs based on the molecular weight of PAHs
may not be an accurate procedure [15], since PAHSs
undergo chemical, physical and biological changes as they
are released into the environment [16]. Physical changes,
such as evaporation, transport by air or water from one
location to another; chemical changes such as
photooxidation of PAHs to daughter products; and
biological changes such as biotransformation of PAHSs,
change their profile in the environment. Differentiating the
sources of PAHs based on observed PAHs molecular
weights may be a useful tool if the samples analyzed for
PAHs are assumed not to be affected by any of these
changes.

Numerous studies for apportioning sources of
hydrocarbons, especially PAHSs, in the environment that
apply diagnostic indices based on chemical fingerprinting
have been made mainly in temperate climate countries [7,
8, 17-21]. In contrast, little is known about the sources and
fate of PAHSs in tropical environments such as Nigeria [22-
24]. Knowledge of PAH sources in the tropics is necessary
for understanding the global dynamics of PAHSs, because
they can be distributed worldwide once released into the
tropics [22]. It is against this background that the present
study on the sources of PAHs and n-alkanes in surface
sediments from coastal areas of Bonny River in
Southeastern Niger Delta region of Nigeria was carried
out. The objectives of this study are to: (a) quantitatively
characterise  n-alkanes and  polycyclic  aromatic
hydrocarbons (PAHS) in the solvent extractable lipids of
surface sediments from the coastal areas of Bonny river,
(b) use PAH source diagnostic indices to distinguish
between petrogenic and pyrogenic PAHSs, (c) determine
the sources of n-alkanes based on some compositional
indices. It is our ultimate aim that the results of this study
will complement the rather scanty and fragmentary
information on the sources and profile of hydrocarbons,
especially PAHSs, in the Niger Delta coastal environment.

Study area

The fan-shaped Niger Delta, which is the third
largest in the world after the Mississippi (USA) and
Pantanal (South-West Brazil), lies between latitudes (4
and 6)° north of the equator and longitudes (5 and 9)° east
of the Greenwich Meridian. The North-South extension,
north of the equator, is expressly defined by the Great
Atlantic Ocean in the South to Aboh (Delta State) in the
North where River Niger forks in Rivers Nun and
Forcados at a village called Obotor [25]. The East-West
extension is from the boundary of the Bonny River to
River Sapele, Delta State. The Bonny River is one of the
major distributaries of the Niger Delta Basin and empties
its tidal waters directly into the Atlantic Ocean.

The predominant coastal vegetation of the Bonny
river due to its tidal influence is the mangrove, whose
main species are the red and white mangroves which form
more than nineteen percent (19%) of the saline swamps
[26]. The white mangroves occur scattered among the red
mangroves and thrive in less water-logged places. The

Bonny river system is characterized by the interaction of
an estuarine and highly saline seawater located seaward of
the river mouth (typical of the Niger Delta coastal region),
and influenced by tide- and wind-driven surface currents.
The coastal areas of Bonny River play host to many
fishing settlements while the river itself is a major
navigational channel for oil vessels, countless outboard
engine boats, maritime and oil-related activities.

MATERIALS AND METHODS

Sampling

Samples of surface sediments were collected at
different stations along the coastal areas of Bonny river
as depicted in the map of the study area (Figure-1) using a
modified grab sampler (0.1m?). Samples were removed
from the middle of the grab to avoid contact with the inner
metallic surface of the grab sampler, wrapped in
aluminium foil and stored frozen at - 4 °C. The sampling
was carried out based on the nature of potential
anthropogenic inputs (Table-1). Prior to extraction, the
samples were freeze-dried, crushed and sieved through a
230 mesh (< 63um) sieve.

Extraction and fractionation

To minimize contamination, all glassware was
cleaned with detergent solution, rinsed with distilled
water, heated in an oven at 550°C for eight hours to
combust traces of surface organic matter, and finally
rinsed with ANALAR grade dichloromethane. The total
organic carbon (TOC) contents were determined using a
LECO CNS analyzer. Extraction of the crushed and sieved
(< 63um) sediment samples for extractable organic matter
(EOM) was carried out using a soxhlet apparatus [27]. The
thimbles and glass wool used in the extraction were
soxhlet-extracted with dichloromethane for 20 minutes on
a water bath. Powdered sediment sample (50g) was then
placed in the extracted thimble. The thimble with glass
wool was filled with dichloromethane and extracted for
18hrs. Extracts were desulphurized by addition of 30g
activated copper (copper immersed in 20ml of 0.1M
concentrated hydrochloric acid for ten minutes) into the
round-bottom flask during extraction. Extracts obtained
were evaporated to near dryness using a vacuum
evaporator. The weight of extracts was determined as a
measure of the amount of extractable organic matter
(EOM), made up of asphaltenes and maltenes.
Precipitation of asphaltenes from the extractable organic
matter (EOM) was carried out following the procedure
described by [28] with amixture (1:30) of
dichloromethane /petroleum ether (b.p. 40-60°C), and
centrifuged at 3, 000 rpm for about 20min. The
asphaltenes precipitated from EOM were discarded after
weighing. The separation of maltenes obtained from the
extracts into aliphatic, aromatic and hetero-fractions was
carried out by column chromatography (column 30
x1.2cm) using activated silica gel (20g activated by
heating in an oven for two hours at 400°C) and alumina
(neutral, 10g activated by heating in an oven for two hours
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at 500°C) on top of the silica gel. The concentrated extract
(2ml) was carefully added to the top of the column already
clamped to position. The saturated (aliphatic) fraction was
eluted with 50ml hexane, while 200ml of 1:1
dichloromethane/hexane mixture was used for the elution
of the aromatic fraction [18]. Finally, a mixture (1: 2,
60ml) of methanol /dichloromethane was used to remove
the heterofractions.

Gas chromatography-mass spectrometry (GC-MS)
analysis

The gas chromatography-mass spectrometry (GC-
MS) analyses of the aliphatic and aromatic fractions from
the sediment extracts were performed using an Agilent
6890 Series gas chromatograph (GC) interfaced to an
Agilent 5973 Network Mass Selective Detector (MSD)
and Agilent 7683 Series Injector. The GC Separation was
achieved on a fused silica capillary column coated with
DB 35 (60m x 0.25mm i.d., 0.25um film thickness). The
GC oven temperature was programmed from 50°C
(isothermal for 1 minute) to 120°C at a rate of 20°C/ min,
then to 300°C at a rate of 3°C/ min. The final temperature
was held for 45 minutes. Helium was used as the carrier
gas. Samples were introduced into the cool on-column
injector under electronic pressure control. The GC column
outlet was connected directly to the ion source of the mass
spectrometer. The GC-MS interface was kept at 280 °C,
while the ion source and quadrupole analyzer were at 230
and 150°C, respectively. The mass spectrometer was
operated in the electron impact (EI) mode at 70eV
ionization energy. Mass spectra were recorded from 45-
550 dalton (0 - 40min) and 50 - 700 dalton (above 40
min). Quantification by peak area integration was obtained
by acquiring mass chromatograms at the molecular masses
for the individual PAHSs, and total ion current (TIC) for n-
alkanes using the HP-MSD Chemstation Integrator.
Individual compounds were identified by comparison of
mass spectra with literature and library data.

RESULTS AND DISCUSSIONS

The sampling stations, total organic carbon
(TOC) contents, concentrations of different n-alkanes,
total n-alkanes (TNAs), total polycyclic aromatic
hydrocarbons (TPAHSs) as well as some source diagnostic
indices derived from n-alkane and PAH compositions are
presented in Table-1. The total organic carbon (TOC)
contents for the sediments ranged from 0.87 to 1.67%,
with a maximum value for station BNO5 in the upper zone
of the study area. Variations in the total n-alkane (TNA)
and mean concentrations of n-alkanes Cis - Cy in
sediments from the study area are depicted in Figure-3,
while the mean concentrations of individual parent and
alkylated homologous PAHs detected in the sediment
samples are shown in Figure-4a. Spatial variations in
concentrations of TPAHSs are given in Figure-4b.

Normal alkane distributions and sources
Normal alkanes in the range Cis - Cy were
present in almost all stations from the study area. The total

n-alkane (TNA) concentrations in the entire study area
varied between 1.65 - 12.66 mg/kg dsw (Table-1), with an
average value of 5.73mg/kg. The maximum TNA value of
12.66 mg/kg dsw was recorded for station BNO5 in the
upper zone of the study area. The n-alkane envelopes
depicted unimodal distribution for sediments from bonny
coastal areas with evidence of petroleum contamination
(presence of UCM, example Figure-2a). The n-alkanes Cy4
- Cy9, maximizing at C;; and C,, (Table-1) detected in
virtually all stations along the coastal areas of Bonny river
possibly originated from both terrestrial/biogenic and
anthropogenic sources, with a stronger biogenic signal.
Higher-plant n-alkanes in the range C,; - C,9 Were barely
present in samples from Bonny coastal areas (Figure-3b)
giving supportive evidence to other possible biogenic
organic matter inputs such as submerged/floating
macrophytes as earlier reported by [29].

An odd/even predominance (OEP) in the n-
alkanes > C,3 has often been used as a marker for a direct
input of terrestrial plant waxes into geological and
environmental samples [30]. Conversely, an even/odd
predominance has been reported to be associated with
recent sediments having organic matter input from
phytoplanktonic organisms such as diatoms and some
bacteria [24, 31]. Our results, however, differ slightly from
the even/odd predominance of n-alkanes Cy4- C,, reported
by [32] for Cretaceous sediments from the upper Benue
Trough, Nigeria which was tentatively attributed to
hypersalinity. In this study, the odd/even predominances in
the Cy7 - Cyg range (Table-1) observed for most stations in
the study area was attributed to mixed origin of
biogenic, bacterial/microbial and anthropogenic organic
source inputs; with stronger biogenic signal based on the
results of the factor analysis conducted on the data set.

The identification of the homologous n- alkanes
in the hydrocarbon fractions allowed the determination of
the carbon preference index (CPI) and Carbon maximum
(Cmax) for each sample set, which give supportive evidence
for the relative incorporation of the different n-alkane
sources. The CPI, a measure of biologically synthesized n-
alkanes [33, 34], indicates the relative contributions of n-
alkanes from natural (biogenic/terrestrial; CPI > 1)
compared to anthropogenic (CPl< 1) sources. The carbon
preference index (CPI) was calculated according to [35]
using the same odd-carbon and even-carbon number n-
alkane concentrations in the respective samples as follows:

CPI1 = (Cys +Cy5 +Cy7 +Cp9 + C31)/ (Cp4 +Cy6 +Cog +Cq)

Values of CPI ranged from 0.31-1.65 for the
entire stations, with maximum value (1.65) for station
BN15 in the Ilower zone (Table-1), suggesting
terrigenous/biogenic sedimentary sources of n-alkanes.
Conversely, the calculated CPI values for stations BN02,
BNO8 and BN15 were less than one, indicating a relatively
higher proportion of n-alkanes from anthropogenic
(mostly petroleum) sources. These results corroborate
earlier reports by [35, 36].
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In order to evaluate the origin of long-chain n-
alkanes (i.e., whether the long-chain n-alkanes are derived
from either higher plant waxes or macrophytes) in coastal
sediments from the study area, the parameter, Alkane
Proxy (Pq) was calculated according to [29] as follows:

Pag = (Ca3 + Co5)/ (Co3 + Cos + Cog + Ca1)

Values of P, (Table-1) ranged from 0.7-1.60 for
the entire stations. According to [29], values of P, ranging
from 0.01 to 0.23 are linked to terrestrial plant waxes
whereas those in the range of 0.48 to 0.94 are associated
with submerged/floating species of macrophytes. Results
of this study showed the contributions of
submerged/floating species of macrophytes to the long-
chain sedimentary n-alkanes in our study area.

Factor analysis

For a better understanding of the principal
sources and biogeochemical processes responsible for the
sedimentary n-alkanes in coastal sediments from Bonny
river, South eastern Niger Delta of Nigeria, varimax
rotated factor analysis using Statistica version 7.0 was
carried out for the data suites. The varimax rotated factor
analysis was calculated using eigen values greater than 1.0
and sorted by results having values greater than 0.6 being
considered significant influences towards the principal
sources. Three factors or principal components (PCs)
explained 90.99% for the n-alkanes in stations from bonny
coastal areas, with different percentages of total variance
for the entire data structure. Factor 1, which was positively
loaded with CPI, accounted for 71.48% of the total
variance for n-alkanes in stations from coastal areas of
Bonny River. This factor was attributed to
biogenic/terrestrial sources. The second factor obtained
using n-alkanes and compositional indices explained
11.61% of the total variance for n-alkanes in stations from
coastal areas of Bonny River; and were found to be
negatively associated with compositional indices (CPI,
OEP, Paqg) in the entire data structure. This factor was
attributed to petrochemical sources. The third factor
contributed 7.90% of the total variance for n-alkanes in
stations from coastal areas of Bonny River. This factor,
which was negatively loaded with CPI, OEP and Pq, was

attributed to microbial/bacterial source inputs to
sedimentary n-alkanes.
PAH distributions and sources

Twenty four (24) parent and alkylated

homologous PAHs were detected and quantified in
aromatic fractions of sediments from coastal areas of the
study area. The range of 2.13 - 16.72mg/kg recorded as
total PAH concentrations in this study are comparable to
some values reported in literature (Table-2). Highest mean
concentration of methylfluorene (C1F) was recorded while
naphthalene (N) and its C1- and C2-alkylated homologues
(CIN and C2N) were not detected in coastal sediments
from the study area (Figure-4a). Spatial variations in the
concentrations of total PAHs were equally observed in the

entire sample stations, with station BNO5 at the lower zone
of the study area recording a maximum value of
16.72mg/kg (Table-1). The high total PAH concentration
observed at the lower course of Bonny river (station
BNO5) could be attributed to the mixing of sea and river
water ( which causes particles in the river water to rapidly
flocculate, leading to elevated accumulation of
sedimentary PAHSs), sediment resuspension and tidal
changes. Highest levels of total PAHSs in outer shelf and
coastal areas of East China Sea due to sediment
resuspension, tidal changes and lateral transport have been
reported [20]. Our results corroborate earlier report by [37]
on high total anthropogenic PAHSs at the mouth of lower
Cross River estuary. On global comparison (Table-2), total
PAH concentrations recorded for stations from coastal
areas of Bonny river are categorized as low to moderate
with pyrogenic sources most probably derived from wood
burning and emissions from outboard engine boats due to
intense maritime transport. Characteristic isomeric series
of four- or five-ring PAHs are considered to be produced
by microbial and oxidative degradation or transformation
of pentacyclic triterpenoids present in vascular plant
waxes or woody tissues [38]. Four-ring PAHSs, for
example parent and alkylated homologous fluoranthene
and pyrene, were barely present in stations from our study
area (Figure-4a). Thus, the likelihood of contributions
from microbial and oxidative degradation or
transformation of pentacyclic triterpenoids present in
vascular plant waxes or woody tissues to sedimentary
PAHs detected in this study is rather tenuous. The
significant differences (p < 0.05) recorded in the mean
concentrations of individual PAHs with respect to
compound types and stations further underscore the effects
of fluvial geochemistry (tidal changes and lateral
transport) on PAH distributions [20, 39] at the different
stations along the coastal areas of Bonny river.

Generally, the proportions of parent and alkyl
PAHs depend on the combustion temperature [40].
Petrochemicals or vehicular emissions usually exhibit a
pattern of low amounts of phenanthrene and maximum at
C1-homologues, and a direct input from crude oil spill is
characterized by a distribution increasing uniformly from
less to more alkylated homologues up to C5 [40]. Our
results showed relatively high amounts of phenanthrene
and an erratic distribution pattern for the alkylated
homologues up to C4, which unarguably reduces the
possibility of petrochemicals or vehicular emissions as
major source input to the PAH profile in the sediments
from the study area. Typical examples of the mass spectra
of anthracene and phenanthrene detected in our samples
are shown in Figure-2. The absence of dibenzothiophene
(Figure-4a), a constituent of coal, crude oil and coal
products [6, 41] in stations from the study area also
suggests that they did not contribute to the total PAH
profile. The coastal vegetation of Bonny River is
dominated by swamp with thick mangrove forest (the
inhabitants utilize wood obtained from this forest for
cooking and agricultural purposes). When grass is burned,
it produces a higher proportion of high molecular weight
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PAHSs than wood [42]. The PAHSs detected in coastal areas
of Bonny river are low molecular weight (LMW),
reducing the likelihood of a significant contribution from
grass burns. The presence of C2-phenanthrene (C2-Phe) is
particularly useful for identifying wood combustion-
derived PAHSs as reported by [37]. Several scholars have
reported a strong effect of TOC contents on distribution of
PAHSs [19, 20, 37]. Results from this study clearly showed
a strong and positive relationship (r = 0.88) between TOC
contents and total PAH concentrations (Figure-4d), which
is supportive of earlier reports.

In order to distinguish between pyrogenic and
petrogenic sources of PAHs in marine sediments, several
scholars [6, 7, 8, 10, 18, 19, 43] have relied on the use
of PAH diagnostic indices.

For example, ratios of phenanthrene/anthracene, f
luoranthene/pyrene, anthracene/(anthracene + phenanthren
e), and fluoranthene/ (pyrene + fluoranthene) have been
reportedly used in source determination of sedimentary
PAHs globally. To determine the principal sources of
sedimentary PAHs detected in this study, two PAH
diagnostic indices, pyrogenic index (Pl) and An/ (An +
Phe), were calculated and used. The Pl was calculated
according to [18] as follows:

Pl = 2(3-6 ring PAHSs)/ (4 alkylated PAH series), where
(4 alkylated PAH series = Alkylated naphthalenes,
fluorenes, dibenzothiophenes, phenanthrenes).

These indices were used because they are very
effective in discriminating pyrogenic from petrogenic
PAHs [18, 44]. According to these scholars, Pl values
greater than 0.5 suggests petrogenic; while values less than
0.5 indicate pyrogenic sources of PAHs. All the stations in
the study area recorded PI values less than 0.5 suggesting
pyrogenic sources. Another reliable and effective
diagnostic ratio, An/ (An + Phe), was also used in source
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determination of PAHSs in the study area. Values of An/
(An + Phe) greater than 0.1 indicate pyrogenic, and less
than 0.1 petrogenic [45]. Again, all the stations recorded
An/ (An + Phe) values greater than 0.1 (Table-1), pointing
to pyrogenic sources of sedimentary PAHSs.

The double-ratio plot of phenanthrene/anthracene
(Phe/An) versus fluoranthene/pyrene (FI/Py) has been
frequently used to distinguish a mixture of petrogenic and
pyrogenic input for sediments [10, 46] despite the low
discrimination capacity of Phe/An. A similar parental
double ratio plot of anthracene/ (anthracene +
phenanthrene) versus fluoranthene/ (fluoranthene +
pyrene) was proposed and used by [7, 44]. In this study,
the double-ratio plot of PI and An/ (An + Phe) clearly
shown in Figure-4c was proposed and used to distinguish
between pyrogenic and petrogenic sources of sedimentary
PAHSs in sediments from coastal areas of Bonny river. A
strong correlation (r = 0.72) between Pl and An/(An +
Phe), and the fact that PAHs from pyrogenic processes are
more strongly associated to sediments thereby resisting
microbial degradation than PAHs of petrogenic origin
[13], provide additional support to the pyrogenic source
input of PAHSs in sediments from coastal areas of Bonny
river.

CONCLUSIONS

Hydrocarbons from different sources are
prevalent in coastal areas of the Bonny River,
Southeastern Niger Delta. The present study showed that
sedimentary n-alkanes Cis - Cy in stations from the study
area were of mixed biogenic, anthropogenic and
microbial/bacterial sources. Anthropogenic PAHs detected
in sediments from the study area were predominantly
pyrogenic in origin; with the highest total PAH
concentration recorded for station close to the mouth
(lower zone) of the Bonny River.
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Figure-2. Examples of (a) Gas chromatogram (TIC) showing distributions of n-alkanes and UCM in aliphatic fraction of
station BN15, (b) Mass spectrum of anthracene, and (c) Mass spectrum of phenanthrene in aromatic fraction of sediments

from coastal areas of Bonny River.
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Figure-4. (a) Mean concentrations of PAHSs, (b) spatial variations in concentrations of total
PAHSs, and (c) Double ratio plot of PI versus An/ (An + Phe) in sediments from coastal
areas of Bonny river (d) Effects of TOC on TPAHS.
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Table-1. Concentrations of n-alkanes and hydrocarbon source diagnostic indices for sediments from coastal areas of Bonny River.

n-alkane concentrations (mg/kg) Source diagnostic indices
a . TOC

Zone Station | An/An
(%) | Cy [Ci [Cis |Cou | Csz | Cos [ Cos | Cos | Cas | Car| Cas | Cos | TNA | *TPAH | Crax | CPI | OEP Pag | PI +Phe
Upper | BN15 | 0.97 | - 0.16 | - 0.26 | 0.26 | 0.21 | 0.21 | 0.08 | 0.04 | - 0.01 | - 1.65 | 4.57 C,, 031078 | 1.00 | 0.17 | 0.45
Middl BNO2 | 145 |0.20 |1.32|0.08 |0.37 |0.83|096|0.29|0.37|045 | - 0.12 | - 532 | 6.17 Cy; 090 1.18 | 1.00 | 0.28 | 0.50

iddle
BNO8 | 1.43 | 0.08 | 0.82 | 0.76 | 1.24 | 0.17 | 0.47 | 0.15 | 0.08 | 0.01 | - 0.05 | - 3.05 | 931 Cy; | 050 | 3.16 | 1.00 | 0.27 | 0.55
Lower | BN13 | 0.87 | 032 | 1.27 | 059 | 0.42 | 1.13 | 1.00 | 0.53 | 0.34 | 0.24 | - 0.07 | 0.05| 596 | 2.13 Cy; | 1.65|1.06 | 1.60 | 0.10 | 0.40
BNO5 | 1.67 | 0.67 | 2.76 | - 0.75 325|234 | 145|083 |0.46 | - 0.10 | 0.05 | 12.66 | 16.72 Cyy | 160|083 |0.70 | 0.21 | 0.40

Based on possible anthropogenic inputs: Upper zone =Domestic sewage as a result of fishing settlements, Middle zone = Engine boat pollution and fishing activities,
Lower zone = Qil spills, pollution from maritime transport, oil vessels and untreated sewage.

*Sum of PAHs detected in each station, CPI = Carbon Preference Index, OEP = Odd/even predominance (Cy; - Cys),

P1 = Pyrogenic Index, An/An +Phe = Anthracene/ (Anthracene + Phenanthrene)

Paq = n-Alkane Proxy, Cpmax = Carbon maximum

Table-2. Literature data on total PAH concentrations (mg/kg dsw) of sediments from some coastal
sites in the world.

Location No. of PAHs | Concentration References
analysed range (mg/kg)
May Bay, Korea 24 0.21- 2.67 [17]
San Francisco Bay, USA 17 2.65 - 27.68 [47]
Brisbane River Estuary, Australia 17 2.84 -13.47 [48]
Guanabara Bay, Brazil 38 0.56 - 58.44 [18]
Egyptian Mediterranean coast 16 0.09 - 6.34 [49]
Rivers and Estuaries in Shanghai, China 17 0.11- 1.71 [19]
Rijeka Bay Area, Northern Adriati, Croatia 16 3.01- 6.31 [21]
Bonny Coastal Area, Niger Delta, Nigeria 24 2.13-16.72 Present study
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Figure-1. Map of study area showing sample stations.
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