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Abstract

The distribution of polyaromatic hydrocarbons (PAHs) at different georeferenced sampling points:
Nwata A, Nwata B, Nwata 3’, Ochani and Eyeyaro in one of the most contaminated mangrove
swamp in Nigeria, Ejamah-Ebubu oil spill site was studied. The physico-chemical analysis of the
sediment samples and trace metals were also conducted. PAHs were analyzed using gas-chroma-
tography flame ionization detection while metals with atomic absorption spectrophotometry
(AAS). The result showed that the total PAHs (summation of 16 US EPA priority PAHs) were present
at all sampling points and the concentration ranged from 0.070 to 5.521 ppm with Nwatu A >
Nwatu B > Ochani > Egeyaro > Nwatu 3’. The pH of the site is acidic. The concentration of trace
metals for most sampling points is iron > chromium > lead > nickel > vanadium. Our result indi-
cates that the concentration of PAHs is at level higher than the permitted level therefore; it is
recommended that Ejamah-Ebubu oil spill site be remediated.
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1. Introduction

Polycyclic aromatic hydrocarbon (PAH) is a common term for high molecular aromatic hydrocarbons. PAHs
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constitute a class of hazardous organic chemicals consisting of two or more fused benzene rings in linear, angu-
lar, or cluster arrangements [ 1] [2].

The carcinogenicity of PAHs has been known since the 1930s. But it was not until the 1970s that an under-
standing of the mechanisms of carcinogenesis by PAHs emerged [3]. The pioneering research of Miller and
Miller [3] has shown that cancer induction by PAHs is a complex and multistep process that depends on many
factors. These factors include size of the PAH molecule, polarity constraints, stereochemistry and chemical ac-
tivity of the metabolites, and electronic factors that affect the binding of metabolite to macromolecules [4].
PAHs are known for their carcinogenic effects, while their ecotoxicological effects are less emphasized, since
they are not considered to have acute toxicity of any significance. This is normally linked to the very low water
solubility and bioavailability of these compounds, but this also means that it is extremely difficult to design and
carry out toxicity tests [5].

PAHs behave alike in soil or water. They are not easily degraded by microorganisms. Polycyclic aromatic
hydrocarbons provide more detailed compositional data that can be used to identify both the source and extent of
degradation of released crude oil [6]-[8] largely because PAHs are more complex and more resistant to biode-
gradation than alkanes. Although PAHs commonly represent less than 2% of the bulk composition of crude oil,
they include toxic compounds that can be of concern in the longer term. Polycyclic aromatic hydrocarbons
(PAHs) are of most concern due to their toxicity, low volatility, resistance to microbial degradation and high af-
finity for sediment [9]. Recently concern has turned to the interference of PAHs with hormone system and their
potential effects on reproduction, as well as their ability to depress immune function [10].

The objectives of our study were i) to estimate the level of PAHs in a historic contaminated site of more than
40 years; ii) to establish a georeferenced distribution of molecular pollutants in a typical Niger Delta wetland; iii)
to determine physico-chemical parameters and trace metals present at the site.

2. Methodology
2.1. Microcosm Setup for Molecular Georeferening

Sediment sample was collected by stratified sampling method at depths 20 cm and 40 cm, from Egbara Stream
(Ewenta Egbara) in Eleme, Rivers State, Nigeria. Egbara Stream is a swampy wetland and its choice was in-
formed by the heavy crude oil it received from a damaged Trans Niger pipeline belonging to Shell Petroleum
Development Company (SPDC) Limited more than 50 years ago. The location of sampling points was marked
using global positioning system. (Model GPSMAP76, Am, serial no: 91090835). The GPS reading of the sam-
pling points are: Egeyaro (A) (N04°45'23.8"E 007°09'47.0"), Ochani (B) (N04°46'19.9"E 007°09'33.5"), Nwatu
A (C1) (N04°46"22.4"E 007°08'49.8") Nwatu B (C2) (N04°46'22.2"E 007°08'51.6") Nwatu 3’ (C3) (N04°46'
23.9"E 007°09'07.0"). Analyzed samples would indicate the distribution of molecules of potential concern
(MOPC)-polyaromatichydracarbons-with time (Figure 1).

2.2. Physico-Chemical Properties

2.2.1. Determination of Nitrate

Nitrate was estimated using the Brucine method as described by Allen ef al. [11]. The procedure involved
weighing about 1 ml of the test sample into a clean test tube, then 0.5 ml of 2.5% v/v Brucine solution in acetic
acid was added to the tube. Thereafter, 2 ml of conc. H,SO,was added and thoroughly mixed. This was allowed
to stand for about 15 - 30 minutes. The colour the developed was measured at 460 nm using distilled water as
blank. The nitrate concentration in the sample was extrapolated from standard graph prepared from the nitrate
stock.

Calculation

C(mg)x1000

NO; =N )=
’ (me/1) aliqout (vol ml)

where C=mg NO; =N obtained from the graph.

2.2.2. Determination of Phosphate
Phosphate was determined using the ascorbic acid method as determined in the standard methods for examina-
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Figure 1. Sample Map of Ejamah Ebubu, Eleme in Port Harcourt, River State,
Nigeria.

tion of water and waste water, APHA [12]. About 50 ml of sample was pipetted into a clean, dry 125 ml Erlen-
meyer flask. Then 0.05 ml (1 drop) of phenolphthalein indicator was added. A 5N H,SO, solution was added
drop wise with the development of a red colour. Then 8ml of the combined reagents made up of 50 ml, SN
H,S0,, 5 ml, potassium antimony tartrate solution (1.372 g, potassium antimony tartrate in 500 ml distilled wa-
ter, 15 ml ammonium molybdate solution) (20 g ammonium molybdate crystal in 500 ml distilled water); and 30
ml ascorbic acid solution (1.76 g ascorbic acid in 100ml distilled water) were added and thoroughly mixed and
allowed to stand for 10 - 30 minutes. The absorbance of each sample was measured at 880 nm using the reagent
blank as the reference solution.
Calculation

C(mg)x extraction vol.x 1000

PO} =P(mg/kg) =
" (mg/ g) aliquot vol(ml)xsample(g)

where C=mg PO, =P obtained from the graph.

2.2.3. Determination of Sulphate

The method used for the determination of sulphate was the turbidometric method adopted from APHA [12]. Ex-
traction was carried out by weighing 5 g of sediment sample into 100ml Erlenmeyer flask. To this was added 25
ml of the extracting solution and shaken for 30 minutes on a mechanical shaker. The suspension was filtered
through whatman No. 42 paper into a 25 ml volumetric flask to which was added 10 ml of the extract. To this,
distilled water was added to bring the volume to approximately 20 ml, one milliliter of gelatin-BaCl, reagent
was added and the volume made up to 25 ml with distilled water. The content was thoroughly mixed and al-
lowed to stand for 30 minutes. The standards were treated in the same way. The contents of the tube were sha-
ken and the optical density was measured at 420 nm within 30 minutes. The SO;  content of the sediment
sample was read off from the standard curve drawn using standard reading.

Calculation
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C(mg)x extractant vol x1000(ml)
aliquot vol (ml)x sample(g)

SO;” =S(mg/kg) =
where C=mg SO, =S obtained from the graph.

2.2.4. Procedure for Metal Analysis

Atomic absorption (using Buck Scientific Atomic Absorption Spectrometer 205A) has been found to be a satis-

factory technique for the determination of metals in samples. About 2 g of the sample was digested with 2 ml

conc. H,SO, and diluted to 30 ml. The 248.3 nm wavelength was selected and air and gas flows were adjusted.

A calibration curve was prepared from the standard range by setting the top standard to suitable scale deflection

and 0 ppm standard. The calibration was used to obtain the ppm of the metal of choice in the sample solution.
Calculation

C(ppm)x solution volume(ml)

Metal(mg/IOO g ) = 1()><sample(wt)g

2.2.5. pH and Conductivity Measurement
The pH of the sediment was measured using a pH meter (Jenway 015 model) while the conductivity was meas-
ured using the conductivity meter (SC-300).

2.2.6. Gas Chromatographic (GC) Analysis

Gas chromatographic analysis was done to determine the level of specific crude oil components in the samples
before and after treatment. It was also to determine the extent of crude oil disappearance resulting from either
biodegradation or other physical/chemical weathering processes. One way of distinguishing one from the other
is by evaluating the ratios of target hydrocarbon concentration of the biomarkers pristine and phytane.

Gas chromatographic analysis was performed using Unican Pro GC. Crude oil was extracted from the sedi-
ment using dichloromethane as extracting solvent. The column length was 30 m with an ID of 0.25 mm. The ini-
tial and final column temperatures were 60°C and 300°C respectively with 20 minutes and 28 minutes as initial
and upper times, respectively. Injector temperature was 300°C and detector temperature was 350°C with helium
as carrier gas at 15 psi. Hydrogen was used as fuel at psi and compressed air as oxidant at 25 psi.

2.3. Statistical Analyses

Analysis of Variance (ANOVA) was applied to test if there is significant difference between means of various
tested parameters

3. Results and Discussion

The result of the analysis of physico-chemical properties and the metal content of the sediment sample are con-
tained in Table 1. The pH of the various sampling points is acidic, ranges from 3.45 to 5.34. Nwatu B recorded
3.45 which is higher than Nwatu A, Ochani also have a high pH but down the stream pH decreases. The conduc-
tivity of sampling points is high indicting the present of ions. Nwatu B recorded higher value (20us/cm) than
Nwatu A (12 us/cm). Nwata 3’ recorded the highest value of 250us/cm. The conductivity of the various sam-
pling points increases down the stream toward the Bonny River (Table 1). This is supported with the increase in
the concentration of salts, ions and metals that are measured.

3.1. Salt Content

The Nitrate concentration of sampling points ranges from 4.2 - 8.9 (ppm). Nwata A has a higher nitrate concen-
tration than Nwata B 4.2 ppm. Nwatu3’ have the highest value of 8.9 ppm The Phosphate level of the sampling
point ranges from 38.63 - 53.80 (ppm). Nwata A recorded a higher phosphate concentration 41.6 ppm than
Nwatu B while Nwatu3’ have the highest value 53.80 ppm.

The sulphate level of the sampling point ranges from 20 ppm - 75 ppm. Nwatu A recorded a higher sulphate
level 32 ppm than Nwatu B 20 ppm. Ochani recorded the highest level. The Nitrate, phosphate and sulphate salts
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Table 1. Physciochemical properties, salts, TPH and PAHs of various sampling points.

Parameter Nwata A Nwata B Nwata 3’ Egeyaro Ochani
pH 4.54+0.07 3.45+0.08 5.34+0.07 426+0.14 3.46 £0.05
Cond (us/cm) 12£2 20+2 250+2 158 +2 150 +2
PO” (ppm) 527+0.1 420+0.3 8.90+0.2 497+0.2 5.67+0.2
PO, (ppm) 41.60+0.7 39.19+0.4 53.80+£0.9 45.70+0.9 38.63+1.4
SO4 (ppm) 32+2 20+2 38+2 54+2 75+ 1
TPH (ppm) 9892.2+£9.7 7578.46 £ 6.8 98.04 +0.4 312.17+2.0 11653+1.2
PAH (ppm) 5.521+£0.01 4.155+0.01 0.070 + 0.002 0.131+0.002 0.768 + 0.003

are present at all sampling points. When a major oil spill occurs, the supply of carbon is dramatically increased
and the availability of nitrogen and phosphorus generally becomes the limiting factor for oil degradation [13],
[14] this is evidence in the result (Table 1). Nitrate concentration is very low (Table 1) since 150 mg of nitrate
is required to convert 1 g hydrocarbon [15] to cell material hence persistence of the contaminant. Nitrate is li-
miting at all sampling points except Nwatu 3’ which has nitrate concentration of 8.90 (ppm) and TPH 98.04
(ppm)

The phosphate concentration is moderate since 30 mg of phosphate is required to convert 1 g of hydrocarbon.
Phosphate is limiting at Nwatu A and Nwatu B sampling points due to the high amount of TPH at these points,
Nwatu A {9892.2 (ppm)} and Nwatu B {7578.46 (ppm)}. At Nwatu 3°, Egeyaro and Ochani sampling points
phosphate is not limiting, as evidence in the result (Table 1).

The presence of sulphate at the various sampling points (Table 1) point to the fact that other non oxygen ter-
minal electron acceptors; could be utilized by anaerobic bacteria which are often present in oxygen depleted en-
vironment. Meckenstock ef al. [16] demonstrated that sulphate can be use as a terminal electron acceptor when
they enriched a sulphate-reducing culture from a contaminated aquifer material by adding naphthalene as sole
carbon and energy source. The sulphate concentration increases down the stream toward the Bonny River.

3.2. TPH and PAHs Content

The TPH concentration of the sampling point ranges from 98.04 ppm to 9,892.20 ppm with Nwata A recorded
the highest value. The PAH concentration ranges from 0.070 ppm - 5.291 ppm with Nwatu A recorded the
highest value. The concentration of polyaromatic hydrocarbons (PAHs) in the sediment from various sampling
points of Ejamah Ebubu oil spill contaminated site at 0.05 (95%) level of confidence indicates significant dif-
ference between means of various sampling points Nwata A (N04°46'22.4" E 007°08'49.8") and Nwata B
(N04°46'22.2"E 007 08'51.6") (Table 1) both have concentrations of PAHs above the target value of 1mg/kg for
a total of ten PAHs set by the Department of petroleum resources (DPR) in Nigeria (EGASPIN), [17]; while
Nwata 3” (N04°46'23.9"E 007°09'07.0"), Egeyaro (N04°4523.8"E 007°09'47.0") and Ochani (N04°46'10.5"E
007°09'28.3") showed lower. The result shows the down the stream towards the Bonny River the concentration
of PAHs decreases, this could be attributed to factors like spreading, evaporation, biodegradation. It supports the
general observation that concentration of PAHs in sediment decreases with increasing distance to point source
[18].

About 13 (81.25%) of the 16EPA PAHs were detected at all the sampling points (chromatogram not showed).
Napthalene, acenaphthene, fluorene, phenanthrene, anthracene, fluoranthene, benzo (a)anthracene, chrysene,
benzo (b)fluoranthene, benzo (a)pyrene, dibenz (a, h,) anthracene, indeno (1,2, 3-cd)pyrene and indeno (1, 2,
3)pyrene which is not a “16 EPA PAHs” showing that the environment is among the area labeled as contami-
nated sites. Benzo@anthracene, chrysene, benezo (b)fluoranthene, benezo (a)pyrene, Indeno (1, 2, 3) pyrene,
dibenz (a, h) anthracene and indeno (1, 2, 3-cd) which are suspected as carcinogens and mutagens [10] [19] are
presence at all points.

The fingerprints showed the level of high-molecular-weight (HMW) PAHs detected at various sampling
points are higher than low-molecular-weight (LMW) PAHs (chromatogram not showed) indicating greater per-
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centage of combustion-related PAHs (pyrogenic sources) than petroleum products [20]. The high-molecu-lar-
weight PAHs such as the four-, five-, six-ring PAHs are relatively stable and therefore, can be useful as diagnos-
tic constituents of petroleum; the low-molecular-weight PAHs such as naphthalene and phenanthrene are more
attributable to biodegradation and other forms of attenuation. The dominance of a group of PAHs a group of
PAHs ( eg benezo (b)fluranthene, indeno (1, 2, 3-cd) pyrene, indeno (1, 2, 3) pyrene etc) which are pyrolytic
PAHs over other identified as fossil PAHs (eg chrysene, phenanthrene), may be an indication that pyrolysis
might have taken place; this is in agreement with Boll, et al. [20]. This may be why phenanthrene/anthracene
(Ph/An) of all sampling points are below unity (one) while the benzo (a) anthrancene/ chrysene (BA/Ch) ratio is
above unity.

The distribution of the n-alkane components of the analyzed sample presented in Table 1 has the concentra-
tion of total petroleum hydrocarbon (TPH) of all sampling point is above the DPR target [17]30mg/kg. The
chromatograms (chromatograms not showed) indicate n-Cg—Cyo with the isoprenoids pristine and phytane for all
sampling point. This is in agreement with result of other workers [14] that saturates usually are the most abun-
dant constitutes in crude oil. Alkanes in the C; to Cy range are considered the most readily and frequently uti-
lized hydrocarbons [21] [22].

The presence of n-Cg—C,y and the isopreniods at the various sampling points after the spill of greater than
forty years shows the state of the contamination; the isoprenoids which are used as biomarkers for evaluation of
biodegradation [23] since they are somewhat more resistant to biodegradation than n-alkane with similar boiling
points (C;7,Cyg), but they are used to monitor the earliest stages of biodegradation treatment program, as they are
known to be biodegradable under natural conditions [24]. The ratio of pristane to phytane (Pr/Ph) of all sam-
pling points is above unity which is in agreement; that Pr/Ph ratio is a source indices of the spilled o0il’s deposi-
tional environments. The high Pr/Ph ratios support phytoplankton inputs to the oil [25].

The chromatograms indicate high concentrations of n-Cyg, n-Cyj, n-Cy4, n-Cy5, n-Cy, n-Cy7, n-Cy7, n-Cyg, n-Cyg,
n-Cyp, 1-Cyy, 1-Cpy, 1-Cps, n-Cog, n-Cyg and n-C; for sampling point Nwata A. Nwata B had n-C,,, n-Cy4, n-Cys,
1’1-C16, Il-C17’ Il-C17, 1’1-C1g, Il-C]g, l'l-Cz(), l'l-Czl, and 1'1-C27.

Iron concentration of the various sampling point is very high. Values range from 363.75 ppm to 2112.8 ppm
with Nwata 3’ recorded the highest value. Nickel concentration of the sampling point is Ochani > Egegaro >
Nwatu 3’ > Nwata A > Nwata B. Chromium concentration is Nwatu 3’ > Nwata B > Egegaro > Ochani > Nwata
A.Vanadium concentration is Ochani > Egeyaro > Nwata 3 > Nwata A > Nwata B. Lead concentration of the
various sampling points range from 163 ppm-10.87 ppm. Nwatu A has a higher value than Nwata B. Egeyaro
recorded the highest value of 10.87ppm. Trace metal such as iron, nickel, chromium, vanadium and lead are de-
tected at all sampling points, the content of all trace metal increase down the stream. The iron content is very
high. At the onset of anaerobic condition in most freshwater sediment, Fe (III) is the most abundant potential
electron acceptor for organic matter oxidation [26]. This is in agreement with the result obtained as indicated in
Table 2 having iron as the highest metal present at the site. The observed accumulation of Fe (II) during anae-
robic transformation of organic materials in pristine and contaminated aquifers suggest that Fe (III) can be a po-
tential electron acceptor in a wide variety of sub-surface environments and Ejamah-Ebubu oil spill site is no ex-
ception.

The vanadium/nickel ratio at various sampling points (Table 2) support the fact that V/Ni ratio is a good pa-
rameter for differentiating crude oil from various location [27].

4. Conclusions

One of the major prerequisites for the decontamination of crude oil contaminated sites is the knowledge of the

Table 2. Trace metal content of sampling points.

Sampling point Concentration Fe In ppm Cr Pb \% Ni V/Ni
NwataA 363.37+4.7 2.18+0.03 1.75+0.04 0.08 +0.02 1.19+£0.02 0.07
NwataB 857.2+9.6 42+0.03 1.68+0.03 0.06 +0.01 1.1+0.02 0.05
Nwata3’ 2112.8+6.4 8.74+0.14 5.85+0.08 0.13+0.01 2.02+0.01 0.06
Egeyaro 94827+ 6.9 4.23+0.08 10.87 +0.04 0.14+0.01 2.08 +£0.02 0.07
Ochani 989.17 +9.6 3.73+£0.05 3.68 +£0.03 0.16 +0.01 2.21+0.02 0.04
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true situation or fate of hydrocarbon at the sites. Ejamah-Ebubu spill site over 40 years showed an array of dis-
tributions of polyaromatic and n-alkane hydrocarbons. Generally, there was a predominance of four - six ring
polyaromatic hydrocarbons (PAHs) over the two - three ring PAHs.

Pyrene, benezo (k) fluranthene, and benezo (g, h, i) perylene are not present. There is the presence of PAHs
that are classified as probably/possibly carcinogenic. The concentration of PAHs decreases down the river as
one approach the Bonny River.

The n-alkane hydrocarbons (TPH) are above the EGASPIN DPR limit. The isoprenoid ratio pristane/phytane
is high, even after over 40 years of oil spillage.

Remediation by enhance natural attenuation (RENA) had been suggested to be applied on the site but deep
into the soil, oxygen becomes limiting. Under such conditions, anoxic or anaerobic degradation mediated by de-
nitrifying or sulphate-reducing bacteria can become a key pathway for the cleanup of contaminated sites. The
understanding of anaerobic biodegradation of aromatic compounds has increased over the past decade. Isolation
of denitrifying and sulphate-reducing organisms capable of degrading toluene has led to the elucidation of sev-
eral biodegradation pathways and phylogenetic relationships among bacteria strains. The type and concentration
of TEAs available in a contaminated environment will affect the outcome of natural attenuation or bioremedia-
tion. Common indigenous TEAs in Ejamah-Ebubu oil spill site include nitrate, sulphate and iron.
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