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Abstract: The Polycyclic Aromatic Hydrocarbons (PAHs) have been shown from previous studies to be present 

in Crude oil and available records indicate that a total of 6,817 incident crude oil spills occurred between 1976 

and 2001 in the study area with a loss of approximately three million barrels of oil, thus there is a need to 

examine PAHs in the Soku Oil Field. The variations of PAHs in two major rivers (San Bartholomew and 

Sombrero) of the Soku Oil Field area of Rivers State, Nigeria was determined by sampling surface waters and 

sediment in four stations (two stations per river) from July 2017 to May 2018.These samples were collected 

upstream and downstream of the two rivers bimonthly and in duplicates. Temperature 
o
C, Dissolved Oxygen, 

salinity and  pH were measured according to standard methods. PAHs in the surface water and sediment were 

analyzed by the use of High Pressure Liquid Chromatography-Fluorescence Detection (HPLC-FLD).The PAHs 

concentrations were grouped intoindividual PAHs, total low molecular weight PAHs (LMWPAHs) and total 

high molecular weight PAHs (HMWPAHs). The LMWPAHs in water were Acenaphthylene, Acenaphthene, 

Anthracene and Phenanthrene (from Below Detectable Limit (BDL) - 0.002 mg/l) while the HMWPAHs were 

Flouranthene, Benz(a)anthracene, Chrysene and Indenol[1,2,3-cd]pyrene (from BDL - 0.004 mg/l). 12 PAHs 

were found in sediment compared to the 8 found in water.  Sediment PAH concentrations were higher than 

those in water (low mol. wt 17.68 mg/l and high mol wt PAH 7.793 mg/l) with the sediment acting as a sink. The 

high PAH concentration in sediment may be from accidental spill, discharges from illegal refineries, 

degeneration of bitumen coated wooden boats and other industrial activities in the area. This study will help 

other researchers uncover the critical areas of methods of remediation of the study area as well as investigate 

the health risks from consumption of available aquatic organisms. 

Keywords:Niger -Delta, Polycyclic Aromatic Hydrocarbon, San Bartholomew, Sediment Sombrero, Surface 

water. 
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I. Introduction 

Polycyclic Aromatic Hydrocarbons (PAHs) are highly hydrophobic and organic lipophilic compounds 

with fused aromatic rings mainly of hydrogen and carbon atoms
1,2

 and has been shown from previous studies
 3,4 

to be present in crude oil. Furthermore they are formed from incomplete combustion of coal, diesel oil and 

gasoline, garbage or other organic substances like tobacco from where they are distributedto the atmosphere, 

surface waters, soils and sediments
5,1,6

. These compounds are semi- or non- volatile in nature, non-

biodegradable, environmentally persistent and variably structured toxic compounds
7,8,9

. Anthropogenic sources 

of PAHs vary widely and are present in a range of environments (e.g. sediment and marine waters) and 

concentrations depend on past or current industrial operations and thus petroleum, electric power generation, 

refuse incineration, home heating, production of coke, carbon black, coal tar and asphalt, internal combustion 

engines, discharges from industrial and waste water treatment plants  and oil spills has been implicated as 

sources
10

. However, the fate and transport of PAHs in their environment are controlled by the PAH’s 

hydrophobicity, rate of dissolution, physicochemical properties of the soil or water and the source phase
11

. 

Most studies 
12,13,14,15,16

 have divided PAHs into low – and high – molecular weight compounds. The 

word ‘weight’ may however be inappropriate since PAHs are analytically separated by their differential masses, 

thus the term low and high molecular mass shall be adopted. Generally the two and three benzene ring 

compounds have low molecular mass while those with four and more aromatic ring compounds have high 

molecular mass
15

. Low Molecular  Mass  PAHs (LMWPAHs) occur predominantly in the atmosphere in the 

vapour phase, where as multi-ringed PAHs are largely bound to particles. Intermediate – Molecular Mass PAHs 

(IMMPAHs) - four rings- are partitioned between the vapour and particulate phases, depending on the 
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atmospheric temperature
17

.  The particle – bound PAHs are considered to be very hazardous to human health. 

Benzo (a) pyrene is often used as a marker for total exposure to carcinogenic PAHs
18

. PAHs with benzene rings 

less than four are widely distributed and extremely volatile, while those with more than four aromatic rings are 

less volatile, adsorbed on other combustion particles like soot
15

. 

The water – soluble LMMPAHs are rapidly degraded in water however, the continuous release of 

PAHs by wastewater into the aquatic environment can result in elevated concentrations in bivalves and shell 

fishes grown close to industrial areas and once PAHs reach the sediments, they become somewhat 

immobile
4
because their non polar structures inhibit them from dissolving in water. PAHs of higher molecular 

weight are not completely insoluble as some amount of PAH dissolves and becomes included in the pore water 

where they are bio-available
4
. These in turn are easily transported through the pore spaces of the sediment

19
. 

Available records
20,21

 show that a total of 6,817 crude oil spills occurred between 1976 and 2001 with a 

loss of approximately three million barrels of crude oil in the Soku Oil Field area, hence an urgent need to 

investigate the levels of PAH in the pelagic and benthic systems of this field. Previous studies in the Niger Delta 

have focused on freshwater systems
13,22

, surface water and sediment
12,23,22

, PAHs in biota
24,25,26,16

, and PAHs in 

coastal sediment
27

. However, the common denominator in all these studies is the use of Gas Chromatography to 

determine PAHs as the nature of these study sites is unlike Soku Oil Field area with over 41 oil wells. The aim 

of this study was to determine the levels of PAHs in surface water and sediments of the major estuaries / 

riverswithin the Soku Oil Field, to define whether their concentrations are within acceptable limits and estimate 

their ecological risk nevertheless, it is hoped that this investigation provides baseline information for scientific 

research and propositions for environmental safety 

 

II. Materials And Methods 
2.1.Study Area 

Soku Oil Field is situated between the co-ordinates of 04
o
61

’
21.9

’’
 E and 07

o
28

’
58.08

’’
N and 

04
o
63

’
52.21

’’
E and 07

o
20

’
 48.34

’’
 in Soku, Akuku Toru Local Government Area, Rivers State, Nigeria.It is 

characterized by heavy rainfall occurring between April to October ranging from 2000 to 2500 mm and the 

relief is lowland with an average elevation of not more than 5 m above sea level
27

. The Soku Oil Fieldhas 

several oil and gas industrial facilities,these include gas and oil wells, flow stations, gas plant, gas flaring sites, 

andthe area is also ladened with condemned oil and gas pipelines. Some settlements around the oil field are 

Elem-Sangama, Etukukiri, Russiakiri, Ijawkiri, Ekulama which are separated by smaller creeks. Two major 

estuaries/rivers transcend this field –namely, San Bartholomew and Sombrero. The Soku Oil Field and 

associated Gas Plant is one of the major oil field facilities discovered and exploited after Oloibiri Oil Field in 

Rivers State, Niger Delta, Nigeria. The facility supplies the bulk of the gas to Nigeria Liquified Natural Gas 

(NLNG) at Finima, Bonny
20

. The area has suffered long term accidental discharges and spillages of hazardous 

substances (industrial wastes/effluents, raw materials, chemicals, crude oil and refined petroleum products). 

Other activities include dredging, and transportation by outboard engine boats.  The vegetation is typically a 

mangrove intertidal forest and the major occupation of the rural dwellers is fishing.
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Fig. 1. Map of Study area showing Sampling Stations 1-4(Green triangles in the Map)Source: Office of 

Surveyor General, Port Harcourt, Rivers State 

 

2.2.    Sampling Stations and Design 

Four sampling stations (Fig 1) - station 1 and 2 from the tributaries of San Bartholomew and stations 3 

and 4 from Sombrero River - were established on the basis of up  and downstreams of the point source. Station 

1 situated at the co-ordinates of 4.6529
o
N and 6.66648

o
E was behind a multi-national Company’s platform (oil 

well No. 015 and 037) withoil and gas pipe lines. Theleaks from pump valves on the oil wells and precipitation 

of flared gases were main sources of anthropogenic pollutants on the downstream flow. Station 2 with co-

ordinates (4.6633
o
N and 6.65979

o
E) was 1.0 km away from Station 1 on the up stream direction, is at a rural 

settlement called Russiakiri where sources of pollutants include runoffs from surrounding oil wells, domestic 

and human wastes, and the precipitation from flared gases. Station 3 with co-ordinate (4.68135
o
N and 

6.68059
o
E) which is 1.5 km away from station 1 is by Soku Community sand fill with dredging activities, 

domestic wastes, and untreated sewage from human and out board engine boat transportation activities as 

sources of pollution. Station 4 with co-ordinates (4.7014
o
N and 6.67727

o
E) was before Soku Community, a 

distance of 2 km away from the community with minimal human activities which served as control.  

 

2.3 Collection of Surface Water 

500ml amber glass bottles with fitted screw caps were used to collect water for laboratory analysis in 

replicatesfrom each station.The sample containers were washed and rinsed twice with the water at specific 

sampling spots before collection of the samples. Generally, the water samples were collected by lowering the 

containers by hand to about 20cm below the water surface level and the bottles/containers were completely 

immersed before opening, allowed to fill and corked under water
28

.Physico-chemimical parameters such as pH, 

conductivity, salinity and turbidity were measured in situ using Hanna multi-parameter (HI 9829 model) probe, 
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Mercury in – glass thermometer was used for temperature readings and Oxygen meter(YSI 54A) was used for 

the measurement of dissolved oxygen and biochemical oxygen Demand. 

 

2.4. Laboratory Analysis of PAH inSurface Water 

PAHs of the surface water were analyzed by the use of High Pressure Liquid Chromatography-

Fluorescence Detection (HPLC-FLD).  All glass wares used were thoroughly washed with hot water, rinsed 

with distilled water and dried for 60minutes at 180
o
C . 50ml of the water sample was filtered and passed through 

extraction column with flow rate of 2ml/min. Suspended PAHs were eluted off extraction column using 

Dichloro –methane solvent. The concentrated sample was collected in a small dark isolated glass container, kept 

in the refrigerator at 4
o
C and taken to the laboratory for analysis usinga HPLC-FLD and recorded in mg/l. 

 

2.5  Collection and Analysis of PAH from Littoral Sediment. 
Sediments samples were collected randomly from three spots per location at low tide. The sediments 

were excavated to a depth of 4-5cm into plastic buckets. The sample was thoroughly mixed forming a 1:1 

sediment to water slurrywhere pH, temperature and conductivity were measured and some representative 

quantities sub sampled into labeled 500ml amber bottles and taken to the laboratory.The sediment samples were 

air dried at room temperature in the laboratory, crushed to fine texture in a porcelain mortar, repackaged in 

labeled aluminium foils for PAHs analysis. 10 gof the homogenized sample was mixed with anhydrous 20g of 

Na2SO4and 20 mls  of Di-chloromethane was added. The sample extraction was with Na2SO4 and Di-

chloromethane solvent and the supernatant was used for PAHs analysis on HPLC-FLD
29

.  Replicate analysis 

was done from each of the samples and values recorded in mg/kg. 

 

2.6Statistical Analysisand Ecological Risk Assessment 

Statistical analysis to interpret the results include descriptive statistics, comparison of means using 

ANOVA, Separation of means, Piecharts and line graphs using EXCEL computer package and JMP statistical 

software. Confidence interval was 95%. The Risk Quotient (RQ) of PAH in surface water and sediment was 

used as a tool to characterise PAH risk to the ecosystem
30,31

. A formula originally proposed by Kalf
32

and 

applied by Li
33,34,35

 was adopted. The formulae were: 

RQ        = CPAH/CQV (Generalized Equation) ————————-(1) 

RQNCs= CPAH/CQV(NCs) ——————————————————————(2) 

RQMPCs = CPAH/CQV(MPCs)     ————————————————————(3) 

Where; 

RQNCs = Risk Quotient of Negligible Concentrations in the medium, CPAH = Concentration of individual 

PAHs. CQV(NCs) = Quality Values of the Negligible Concentration in the medium, RQMPCs = Risk Quotient of 

Maximum Permissible Concentration in the medium. CQV(MPCs) = Quality Value of the Maximum Permissible 

Concentration.  

An  RQNCs< 1 indicates that the single PAH might be of negligible concernwhile an RQNCs> 1indicates 

that the contamination of the single PAH was of moderate riskand an RQMPCs< 1showed that contamination was 

of moderate level, nevertheless RQMPCs>1 indicates that contamination of that single PAH might pose a high 

risk. 

 

III. Results 
3.1 PAHs in Surface Water . 

Table 1 shows the mean individuals PAHs in surface water and their quality values and RQ. The 

LMWPAHsin surface water were Acenaphthylene, Acenaphthene, Anthracene and Phenanthrene  with a mean 

concentration of 0.001±0.0003mg/L and range from Below Detectable Limit (BDL) – 0.002 mg/L (Table 1). 

Only four HMWPAHs (Fluoranthene, Benz[a] anthracene, Chrysene and  Indeno[1,2,3-cd]pyrene) were 

detected with a mean concentration of 0.004±0.0005mg/L. The concentrations of both the low and high 

molecular PAHs were generally higher in the wet season (Figs 2 and 3).The mean concentration of individual 

PAHs are presented in Table 1 with their estimated RQ.  Acenaphthylene and  Indeno (1,2,3-cd) pyrene had RQ 

> 1, the others were <1. 
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Table 1. Concentrations of PAHs in water and their Risk Quotients(RQ) 

PAH Compounds SurfaceWater 

(mg/l) 
*Recommended NC 

(mg/l). 
*Recommended MPC 

(mg/l) 
Calculated 

RQ(NC)    
Calculated 

RQ(MPC)   

Acenaphthylene  0.001 0.0007 0.07 1.43 0.014 

Acenaphthene  0.00013 0.0007 0.07 0.19 0.002 

Phenanthrene  0.0002 0.003 0.30 0.07 0.001 

Anthracene  0.00044 0.0007 0.07 0.63 0.006 

Fluoranthene  0.00052 0.003 0.30 0.17 0.002 

Chrysene 0.00027 0.0034 0.34 0.08 0.001 

Benz (a) anthracene  0.00009 0.0001 0.01 0.9 0.009 

Indeno (1,2,3-cd) 
pyrene  

0.003 0.0004 0.04 7.5 0.080 

ΣLMMPAH 0.00177   1.43  

ΣHMMPAH 0.00388     7.50   

Ratio of 

LMMPAH/HMMPAH 
0.25     

 

 

LMMPAH = Summation Low molecular mass PAH, HMMPAH = Summation High molecular mass PAH. 

Only RQNCs and RQMPCs 1 were summed for LPAH and HPAH respectively NC = Negligible concentration, 

MPC = Mean permissible concentration * Cao et al., 2010 
 

Fig. 2 shows the seasonal variation of mean Low Molecular Mass PAHs (LMMPAHs) in the study 

area. PAHs  found in both seasons were Acenapthylene, Acenaphthene, Phenanthrene, and Anthracene, however 

PAHs were higher in wet season than in dry season. The concentration of Acenapthylene was the highest in wet 

season than in dry season. A similar trend was observed with  the other PAHs. 

 

 
Fig.2Seasonal variation of mean LMMPAHs of Surface water 

 

Fig. 3 shows the seasonal variation of High Molecular Mass PAHs (LMMPAHs) in the study area. PAHs  found 

in both seasons were Fluoranthene, Benz[a]anthracene, Chrysene, and Indeno[1,2,3-cd]pyrene, however PAHs 

were also higher in wet season than in dry season. The concentration of Indeno[1,2,3-cd]pyrene was the highest 

in wet season than in dry season. A similar trend was observed with the other PAHs. 
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Fig. 3Seasonal variation of mean HMMPAHs of Surface water 

3.2 PAHs in Sediment 

Table 2 shows the mean concentration of individual PAHs, their respective quality values and Risk 

Quotients (RQ). The total concentration of LMWPAHwas9.17 mg/kg andHMWPAH was 3.51 mg/kg. Only six 

PAHs (Naphthalene, Acenaphthylene, Acenaphthene, Flourene, Pyrene and anthracene) were above 

recommended Minimum Permissible Concentration (MPC) with RQMPC  > 1, while  all the detected 12 PAHs  

had RQNC  > 1.  

 

Table 2 Concentration of PAHs in Sediment, their Quality values and Risk Quotients(RQ) 

PAH Compounds Sediment 

(mg/Kg) 
*Recommended NC 

(mg/Kg) 
*Recommended MPC 

(mg/Kg) 
Calculated RQNC Calculated RQMPC 

Naphthalene 2.57 0.0014 0.14 1,835.71 18.36 

Acenaphthylene 1.84 0.0012 0.12 1,533.33 15.33 

Acenaphthene 1.47 0.0012 0.12 1,225 12.25 

Fluorene 0.94 0.0012 0.12 783.33 7.83 

Phenanthrene 0.38 0.0051 0.51 74.51 0.75 

Anthracene 1.97 0.0012 0.12 1,641.67 16.42 

Fluoranthene 0.53 0.0260 2.6 20.38 0.20 

Pyrene 0.19 0.0012 0.12 158.33 1.58 

Chrysene 0.76 0.1070 10.7 7.10 0.07 

Benz (a) anthracene 0.30 0.0036 0.36 83.33 0.83 

Dibenz (a,h) anthracene 0.17 0.0270 2.70 6.30 0.06 

Indeno (1,2,3-cd) pyrene 1.56 0.0590 5.90 26.44 0.26 

ΣLMMPAH 9.17   7093.55 70.19 

ΣΗMMPAH 3.51   301.88 1.53 

 

 

LMMPAH = Summation Low molecular mass PAH, HMMPAH = Summation High molecular mass PAH. 

Only RQNCs and RQMPCs 1 were summed for LPAH and HPAH respectively NC = Negligible concentration, 

MPC = Mean permissible concentration. * Cao et al. (2010) 
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Fig. 4 shows the percentage concentration of low and high molecular mass PAHs in sediments. 72 % of 

PAHs in the sediment consisted of High Molecular Mass PAHs while 28% consisted of Low Molecular Mass 

PAHs. 

 

 
Fig. 4. Percentage concentration of Low and High Molecular Mass PAHs in sediment 

 

Fig. 5 shows the seasonal variations in low molecular mass PAHs in the sediment, which was observed 

to be Naphthalene, Acenaphthylene, Acenaphthene, Flourene, Anthracene and  Phenanthrene. Their 

concentrations in dry season were higher than in wet season except for  Acenaphthylene. 

 

 
Fig. 5Seasonal variation of LMMPAHs in sediment 

 

Fig. 6 shows the seasonal variations of the high molecular mass PAHs in sediment, and those detected 

were Flouranthene, Pyrene, Chrysene, Benz[a]anthracene, Dibenz[a,h]anthracene and Indeno[1,2,3,cd]pyrene. 

These PAHs were higher in wet season except for Pyrene while Benz[a]anthracene and Dibenz[a,h]anthracene 

had similar concentrations in both seasons. 
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Fig.6Seasonal variation of HMMPAHs in sediment 

 

Fig. 7 confirms the spatial variation of the 12 PAH compounds detected in the sediments of the various 

stations, they include Naphthalene, Acenaphthylene, Acenaphthene, Fluorene, Anthracene, Phenanthrene, 

Fluoranthene, Pyrene, Chrysene, Benz[a]anthracene, Dibenz[a,h]anthracene and Indeno[1,2,3-cd]pyrene. 

However, in station 1, ten PAHs were detected, in Station 2, eleven PAHs were detected while in station 3 and 

4, nine and eleven PAHs were detected respectively. 

 

 
Fig. 7.  Spatial variation of the 12 PAHs compounds detected in sediments from the various stations. 

 

Fig. 8 shows the seasonal variations of the 12 PAH compounds detected in the sediments. The 

following PAH compounds were detected during the dry season - Naphthalene, Fluorene, and Pyrene, with 

Naphthalene having the highest concentration and Pyrene the lowest. Other PAHs were detected in dry and wet 

seasons but occurring at different concentrations, for instance, Acenaphthylene, Acenaphthene and 

Dibenz[a,h]anthracene, amongst others, were detected in both seasons with Acenaphthylene having high 
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concentrations and Dibenz[a,h]anthracene having the least concentration. Similar pattern may be used to 

understand other PAH variations in both seasons. 

 

 
Fig. 8 Seasonal variation of the 12 PAHs compounds detected in sediment from the study area 

 

 

 

 

IV. Discussion 
PAHs in soot and atmospheric particles can settle on the surface of lakes, streams, rivers and oceans by 

dry or wet deposition. They are thereby dispersed by currents and eventually become integrated with the 

sediment. Eight out of the 16 PAHs investigated in the study were detected in surface water. The low molecular 

weight compounds were four (Acenaphthylene, Acenaphthene, Anthracene and Phenanthrene) as well as the 

high molecular mass compounds (Fluoranthene, Benz[a]anthracene, Chrysene and Indeno[1,2,3-cd]pyrene). The 

mean concentration of total PAHs in surface water was 1.38E-03 mg/L much higher than 3.4E-05 mg/L reported 

for Ubeji, Warri River by Asagbra
16

. The results are not in agreement with the lower values expected of high 

molecular weight compounds in the surface water due to their relatively high affinity to sorb to particulate 

matter as reported by
36 & 37

. The high molecular mass congeners are lipophilic and are not easily soluble to be 

proportionallyavailable as the low molecular weight congeners. Hence their availability in the surface water as 

high as 69% may be as a result of frequent strong turbulence or mixing ofsurface water by commercial outboard 

engine operators and tidal flow. The source of PAH in Soku Oil Field could be attributed to the waste from the 

use of bitumen in wooden boat constructionsand engine exhaust, atmospheric deposition and surface runoff 

from domestic waste. A ratio of LMMPAH to HMMPAH of less than one (< 1) indicates a pollution source of 

pyrogenic origin and greater than one (> 1) suggests a pollution source from petrogenic origin
38,39,40

. The result 

of this study (0.25) showed pollution sources for surface water were from pyrogenic origin. 

PAHs profile in the sediment was dominated by the low molecular weight congeners. The sum of all 

the individual congeners of the low molecular mass was 17.689mg/kg while the high molecular mass recorded a 

sum total of 7.793mg/kg. The ratio of low to high molecular weight of PAH was 2.27 suggesting that the 

pollution source for sediment was petrogenic. Indeno[1,2,3-cd]pyrene made up 47% of the high molecular mass 

PAHs while Acenaphthylene was 42% of the low molecular weight PAHs. This high value could be attributed 

to accidental discharge by illegal refining of crude oil and other oil related industrial activities. The result of 

total PAH in sediment is comparable with the records of 27.10-55.93mg/kg reported by
41

 in Vhembe, South 

Africa. Twelve PAHs compounds were detected in the sediment as against the eight in the surface water 

confirming sediment as a sink in an aquatic environment. 

The ecological risk assessment of PAHs in surface water indicated that contamination of  

Acenaphthylene and Indeno[1,2,3-cd]pyrene were individually of moderate risk while all other PAHs 

compounds detected in the study might be of negligible concern.In the sediment, all the low molecular weight 

PAHs recorded RQ(NCs)> 1and RQ(MPCs)> 1 with the exceptionof phenanthrene. These however indicated that the 
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contamination of each PAH in all the low molecular weight PAHs compounds except Phenanthrene might pose 

a high risk while Phenanthrene indicated a moderate risk level. All the HMMPAHs in sediment recorded 

RQ(NCs)>1 while the RQ(MPCs) were <1 except for Pyrene. This is indicative of the contamination level of PAHs 

in the sediment ranging from moderate to high risk. Baumard
42

has classified PAH pollution levels in terms of 

total PAH concentration as follows; Low(0- 0.1mg/kg), Moderate(0.1-1.0mg/kg), High(1.0-5.0mg/kg) and Very 

High( >5.0mg/kg). Based on this classification, the current study showed a PAH pollution of low to very high 

and could be comparable with the report from 
35,43

. The total PAH concentration in sediment was higher than 

those reported by Dosunmu
44

 from Imo river sediment of the Niger Delta area. However, the surface water 

PAHs was lower than that reported by
45.

 

 

V. Conclusion 
The Soku Oil Field has a host of influences from illegal refining of crude oil, outboard engine spills 

from petroleum oil and exhaust releases, industrial and human activities. The following were conclusions from 

the investigations;PAHs compounds were divided into low and high molecular mass of which eight and twelve 

congeners were detected in surface water and sediments respectively. In surface water there were 4 LMMPAH 

and 4 HMMPAH. Based on their ratio the origin of the PAH could be said to be pyrogenic. Acenaphthylene and 

Indeno[1,2,3-cd]pyrene  indicated moderate risk as others were of negligible concern. Ecological risk 

assessment showed high contamination levelin the sediment with RQ(NCs) and  RQ(MPCs) >1. The origin of 

sediment PAH was petrogenic probably from spills from the illegal refineries and other oil related activities in 

the area. This study discovered a moderate to high concentration of PAHs in the surface water and sediment of 

Soku Oil Field that could pose a threat or health risk to benthos and humans through food chain as they may 

ingest and bio-accumulate these chemicals from the environment. This study will help other researchers uncover 

the critical areas of methods of remediation of the study area as well as investigate the health risks from 

consumption of pelagic and benthic aquatic organisms. 

 

Author’s contribution: APU and EIKE wrote the protocol, OU did the field work, analysis and interpretation 

of data, BKNO, OU and APU wrote the first and final draft of the manuscript. 

 

 

References 
1. Kanaly RA & Harayama. Biodegradation of high molecular weight Polycyclic Aromatic Hydrocarbons by bacteria. Journal of 

Bacteriology.2000; 186: 2054-2067  
2. Karthikeyan R & Bhandani A. Anaearobic biotransformation of aromatic and Polycyclic Aromatic Hydrocarbons in soil 

microcosms. A review.  Journal of  Hazardous substances Research. 2001; 3:1-7 

3. Nigerian National Petroleum Corporation / Petroleum Training Institute (NNPC/PTI). The Petroleum Industry: An International 

Seminar Report.1987; 4: 103-105 

4. Abdel-shafy HI& Mansour MSM. A Review on polycyclic aromatic hydrocarbons: source, environmental impact, effect on human 

health and remediation. Egyptian  Journal of Petroleum. 2015; 25:107-123. http://dx.doi.org/10.1016/j.ejpe.2015.03.011. 
5. Fernandez PM, Grifoll AM, SolanasJM, Bayona & Albaiges JA..Bioassaydirected chemical analysis of genotoxic component in 

coastal Marine sediments.   Environmental Science Technology.  1992; 26: 817-829 

6. Vila JZ, Lopez J, Sabate C, Miriguillon SAM & Grifoll M.Identification of a novel metabolite in the degradation of pyrene by 
mycobacterium species strains API; Actions of the isolate on two- and three- ring Polycyclic Aromatic  Hydrocarbons. Applied  

Environmental Microbiology.2001;67: 3497-5505 

7. Essumang DK, Dodoo DK and Adjei JK. Effect of smoke generation sources and  smoke curing duration on the levels of polycyclic 
aromatic hydrocarbon (PAH) in different suites of fish. Food and Chemical Toxicology. 2013; 58: 86-94 

8. Ledesma E, Rendueles M & Diaz M. Benzo[a]pyrene generation on a smoked meat  product during smoking time. Food additives 
and Contaminants: Part A. 2014; 31(10)1688-1698. 

9. Lochan S, JayGV & Tripti A. Polycyclic aromatic hydrocarbons formation and occurrence in processed food. Food Chemistry. 

2016; 199:768-781. www.elsevier.com/locate/foodchem 
10. Lenntech http://www.lenntech.com 

11. Wick AF, Haus NW, Sukkariyah BF,  HaeringKC & Daniels WL.  Remediation of PAH-contaminated soil and sediments: a 

literature review. Virginia polytechnics Institute and State university, U.S.A report pdf . 2011. 
12. Okoro D. Source determination of Polynuclear aromatic hydrocarbons in water and sediment of a creek in the Niger Delta region. 

African Journal of Biotechnology, 2008; 7(3), 282 – 285. 

13. Olanike KA & Ubiogoro O. Ecotoxicological assessment for polycyclic aromatic hydrocarbons in aquatic systems of Oil producing 
Delta State, Nigeria. Journal of Fisheriessciences.com. 2012; 6(1). 53 - 62. Doi: 10.3153/jfscom.2012007.  

14. Tavakoly Sany SB, Rezayi M,  Hashim R,  Salleh A,  Mehdinia A, & Safaris O. Polycyclic aromatic hydrocarbons in coastal 

sediment of Klang Strait, Malaysia:  Distribution pattern, risk assessment and sources. PLoS ONE. 2014; (4),e94907. 
doi:10.1371/journal.pone.0094907 

15. Veiga LLA, AmorimH, Moraes J, Silva MC, Raices RSL & Quiterio SL.  Quantification of polycyclic aromatic hydrocarbons in 

toasted guarana (Paullinia cupana)by high performance liquid chromatography with a fluorescence detector. Food Chemistry. 2014; 
152:612-618 

16. Asagbra MC, Adebayo AS, Anumudu CI, Ugwumba OA & Ugwumba, A.A.A Polycyclic aromatic hydrocarbons in water, 

sediment and fish from the  Warri River at Ubeji, Niger Delta, Nigeria. African Journal of Aquatic Science. 2015; 40:193-199  
17. Srogi K. Monitoring of Environmental exposure to Polycyclic Aromatic Hydrocarbons :  A review. Environmental Chemistry letter. 

2007; 5:169-195 

18. Ohura T,Amagai T, Fusaya M & Matsushita H. Polycyclic Aromatic Hydrocarbons in indoor and outdoor environment and factors 
affecting their concentrations. Environmental  Science and Technology. 2004; 38: 77-83 

http://www.elsevier.com/locate/foodchem
http://www.lenntech.com/
http://sciences.com/


Variations of Polycyclic Aromatic Hydrocarbons in Two Major Rivers of the Soku Oil Field, Rivers  

DOI: 10.9790/2402-1305021121                                       www.iosrjournals.org                                       21 | Page 

19. Dong C, Chen C. & Chen C. Determination of polycyclic aromatic hydrocarbons in industrial harbour sediments by GC-MS. 

International Journal of environmental Research and Public Health. 2012;  9(6), 2175-2188. doi: 10.3390/ijerph9062175. 

20. International Union for Conservation-Niger Delta Panel (IUCN). Sustainable Remediationand Rehabilitation of Biodiversity and 

habitats of Oil Spill sites in the Niger Delta. Main report including recommendations for the future. A report by the independent 

IUCN- Niger Delta Panel (IUCN-NDP) to the Shell Petroleum Development Company of Nigeria (SPDC) January 2013, Gland 
Switzerland.   ndp_annex_1d_final. 30-31. 

21. United Nations Development Programme (UNDP) Niger Delta Human Development Report. Abuja, Nigeria.2006. 

22. EkpoB, Oyo-ItaOE,OrosDR, & Simoneit BRT. Distributions and sources of polycyclic aromatic hydrocarbons in surface sediments 
from the Cross River estuary, S.E. Niger Delta, Nigeria. Environmental Monitoring and Assessment, 2012b; 184(2), 1037 – 1047. 

23. Sojinu OS, Wang JZ, Sonibare OO, & Zeng EY. Polycyclic aromatic hydrocarbons in  sediment and soil from oil exploration 

areas of the Niger Delta , Nigeria. Journal of Hazard Materials. 2010; 174(1-3), 64 1 – 647. 
24. Ekpo BO, Oyo-ItaOE, OffemJO & Adie PA.Anthropogenic PAHs in Sediment-Dwelling Biota from Mangrove Areas of the 

Calabar River, SE Niger Delta, Nigeria.  Environment and Natural Resources Research. 2012;2(4), 89 - 100 

25. Daka ER & Ugbomeh AP.  Polycyclic aromatic hydrocarbons in sediment and tissues of the crab Callinectes pallidus from the 
Azuabie Creek of the upper Bonny Estuary in the Niger Delta. Research Journal of Applied Sciences, Engineering and Technology, 

2013; 6(14) :2594-2600. 

26. Nwineewii JD, & Ibok UJ. Bioaccumulation of Polycyclic Aromatic Hydrocarbons  (PAHs) Concentration in Biota from 
the Niger Delta, South- South, Nigeria. Academic Research International. 2014; 5(3),31 – 36. 

27. Ezekwe IC, EludoyinOS & Adigwe  P. Landuse dynamics and mangrove forest decline in the Soku oil and gas fields, Niger Delta 

region of Nigeria.  Journal of Geographic Thought and Environmental Studies, 2015;13(1), 1- 12 
28. American Public Health Association (APHA). Standard methods for the Examination of water and waste water.  14th edition. 1998; 

Washington D.C. 1007-1157 

29. Pena T, Pensado I, Casais C, Mejuto C, Phan-Tan-Luu R & CelaR. Optimization of a micro-wave-assisted extraction method for the  

analysis of Polycyclic Aromatic Hydrocarbons from fish samples. Journal of Chromatography2006;  A. 1121:163-169. 

Doi:10.1016/j.chroma.2006.04.033. PubMed 

30. Peijnenburg W, De Groot A, Jager T & Posthuma I. Short term ecological risks of depositing contaminated sediment on arable soil. 
Ecotoxicology and Environmental Safety. 2005; 60:1-14 

31. Wu B, Zhang R, Chen SP, Ford T, Li AM & Zhang XX. Risk assessment of polycyclic aromatic hydrocarbons in aquatic 
ecosystems. Ecotoxicology.2011; 20:1124-1130 

32. Kalf DF, Crommentuijn T & Van de Plassche EJ. Environmental quality objectivesfor 10 polycyclic aromatic hydrocarbons 

(PAHs). Ecotoxicology and Environmental  Safety. 1997; 30:89-97 
33. Li P,Cao J, Diao X, Wang B, Zhou H,  Han Q, Zhang P & Li Y. Spatial distribution, sources and ecological risk assessment of 

polycyclic aromatic hydrocarbons in surface seawater from Yangpu Bay, China. Marine Pollution Bulletin. 2015; 93:53-60 

34. Cao Z, Liu J, Luan Y, Li Y, MaM, Xu J, & Han S .Distribution and ecosystem risk assessment of polycyclic aromatic hydrocarbons 
in the Luan River, China. Ecotoxicology. 2010; 19: 827-837 

35. Saleem M, KhanAA, Ahmed K, Qumaruddin M, Kahkashan S, Hasany S & Aftab J . Polycyclic aromatic hydrocarbons (PAHs) in 

surface sediment from the Karachi Harbour and off- Clifton Coast, Karachi: Spatial distribution, Composition and   ecological risk 
assessment. Journal of Biodiversity and Environmental Sciences (JBES). 2017; 11(4): 25-36. ISSN 2220-6663(print), 2222-

3045(online). http://www.innspub.net 

36. Bidleman TF. Atmospheric processes: wet and dry deposition of organic compounds are controlled by their vapour particle 
partitioning.Environmental Science and Technology. 1988; 22(4) 361 - 367 

37. Foday MJ, Henry AA, Jose GG & Armando H. Levels of PAHs in the water, sediments and Shrimps of Estero de Urias, an estuary 

in Mexico and their  Toxicological Effects. The  Scientific World Journal.2012; 687034:9. http://dx.doi.org/ 10.1100/2012/687034 

38. Magi C, Bianco R, Ianni C, & Carro MD. Distribution of polycyclic aromatic  hydrocarbons in the sediments of the Adriatic Sea. 

Environmental Pollution.             2002; 119: 91-98 

39. De Luca G, Furesi A, Micera G, Panzanelli A, Piu PC & Pilo MI. Nature, distribution and origin of polycyclic aromatic 
hydrocarbons (PAHs) in the sediments of Olbia Harbour(Norther Sardinia, Italy). Marine Pollution Bulletin.2005; 50:1223-1232 

40. Chen CW & Chen CF. Distribution, origin and potential toxicological significance of polycyclic aromatic hydrocarbons (PAHs) in 

sediments of Kaohsiung Harbour, Taiwan. Marine Pollution Bulletin. 2011; 63: 417-423 
41. Edokpayi JN, John OO, Oluwaseun EP & Titus AMM.Determination and Distribution of Polycyclic Aromatic Hydrocarbons in 

Rivers, Sediments and Wastewater Effluents in Vhembe District, South Africa. International Journal of Environmental Research 

and Public Health. 2016;13: 387. doi: 10.3390/ijerph13040387 
42. Baumard P, Budzinski H & Garrigues P. Polycyclic aromatic hydrocarbons(PAHs) in sediments and mussels of the western 

Mediterranean Sea. Environmental Toxicology and Chemistry. 1998; 17(5):765-776. Doi: 10.1002/etc.5620170501 

43. Sun C, ZhangJ, Ma Q, Zhang F & Chen Y. Risk assessment of polycyclic aromatic hydrocarbons (PAHs) in sediments from a 
mixed- use reservoir. Human and Ecological Risk Assessment. 2015;22(2):447-459. http://dx.doi.org/ 10.1080/10807039. 

2015.1079775 

44. Dosunmu MI, Oyo-Ita IO & Oyo-Ita OE. Sources apportionment and Distribution of Polycyclic aromatic hydrocarbons in IMO 
River sediments near Afam power station, South East Nigeria: Molecular index and multivariate approaches. Global Journal of  

Pure and Applied Sciences. 2012; 18(384):135 -149. ISSN. 1118-0579. www.globaljournalseries.com. Doi. http://dx.doi.org/ 

10.4314/gipas v18i3-4.5 
45. Nwineewii JD, & Marcus AC. Polycyclic aromatic Hydrocarbon(PAHs) in surface water and their toxicological effect in some 

creeks of South East, Rivers State(Niger Delta) Nigeria. IOSR Journal of Environment Science, toxicology and Food Technology 

(IOSR-JESTF) 2015; 9(12) 11: 27 30. e- ISSN: 2319-2402, P (ISSN)2319-(2015)2399,www.iosrjournals.org 

 

 

 

 
 

http://dx.doi.org/
http://dx.doi.org/%252010.1080/10807039.%25202015.1079775
http://dx.doi.org/%252010.1080/10807039.%25202015.1079775
http://dx.doi.org/
http://www.iosrjournals.org/

