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ABSTRACT: Polycyclic aromatic hydrocarbons (PAHs) are 
organic pollutants which are associated with carcinogens. 
Their presence in the environment has been linked to 
cancer. Assessment of polycyclic aromatic hydrocarbons in 
water of Nta-Wogba stream were studied, in which three 
(3) samples of water from the Nta-Wogba stream were 
sampled. The water samples were extracted using a liquid – 
liquid extraction technique into dichloromethane and 
dehydrated with sodium sulfate anhydrous. The results 
obtained showed that total PAHs concentration in the water 
at the various stations were 23.33, 23.67and 24.74mg/L in 
June and 25.22, 24.58 and 31.09mg/L in October. The 
source diagnosis of the levels and nature of occurrence of 
PAHs in the stream using the different hypothetic ratios 

showed that the sources of PAHs were both petrogenic and 
pyrogenic. However, the values obtained from the 
diagnostic ratio indicated that pyrogenic sources were the 
dominant source of the PAHs within the Nta-Wogba stream. 
The ring size analysis carried out showed that 2-3 ring 
PAHs were sparingly detected while 5-6 ring PAHs were 
generally detected. This was attributed to the high volatility 
and instability of the low ringed PAHs. These can pose 
serious health risk since 5-6 ring PAHs have been 
associated with cancer-causing and mutagenic potentials. 
 
Keyword: PAHs, pollution, extraction, source diagnosis, 
ring size, PAHs categories 
 

 
 
 
INTRODUCTION 
 
The degree of pollution has been intensified by the 
increased traditional use of chemicals in agricultural 
productivity and wastes generation. Some of the wastes 
disposed into the environment are tenacious and lethal to 
environmental biomes (Alloway and Ayres, 1997). The 
greatest known environmental pollutants which foul 
water, sediments and soil are the tenacious or 
recalcitrant organic pollutants (POPs). These pollutants 
are mainly produced after partial incineration of 
organically derived matter from homes and industries 
scales, (Odabasi et al., 1999; Soclo et al., 2000; Wenz et 
al., 2006).  

Pollution of water and sediment mediums is gradually 
becoming a foremost issue all over the earth (Farmer,  

1991; Sakari 2012).Water is indispensable for all forms 
of life on earth, without it life is sham or failure. It is 
required in all forms of lives from very small to extremely 
large organisms in both plant and animal kingdom. 
Unplanned development, mechanization, agricultural and 
marketable activities have caused grave consequences 
on the nature of water pollution associated problems, 
which has led to severe water crises in numerous parts of 
the globe (Singh et al., 2012). 

Pollution is the introduction of harmful materials by 
man, animals, plants and other natural sources into the 
environment, thus triggering damage to environmental 
well-being. Effects on living organisms and conservation 
systems, impairment to buildings and facilities or 
interfering with genuine use of the environment (Alloway 
and Ayres, 1997)  are  some   of   the   disadvantages   of  
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pollution. There are different pathways of water pollution 
of which involves the contributions of humans in 
substantial amount due to his activities. In different parts 
of the ecosphere, both surficial and ground aquifer are 
frequently contaminated through discarding of home 
wastes, dirt, agricultural wastes and industrial emissions 
or discharges into aquatic bodies (Agbozu et al., 2007). 
Increase in development as a result of recent sophistry in 
technology has added numerous man-made constituents 
or materials into the environment (Ezemonye et al., 
2004), and some of the chemicals may be lethal, cancer-
causing or may give other forms of 
complexhomoeopathic or health conditions. 

Majority of human activities give rise to waste, which 
may be gases, radionuclides, liquids or solids. Granting 
the fact that in each case, it can be segmented into 
myriads of individuals’ progressions occasioned with 
certain activities. The principal chemical components of 
water quality concerns which has affected human beings 
being a consequence of his activities comprise organic 
matter, heavy metals, pH changes of the atmosphere, 
runoffs, nutrients, oil and grease, synthetic organic 
compounds, thermal pollution and radioactivity (Grey, 
2004). This study was done to examine the 
concentrations of polycyclic aromatic hydrocarbons in 
water from Nta – Wogba stream in Port Harcourt, Rivers 
State, Nigeria. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
Port Harcourt City Local Government Area lies along 
Bonny River and is located in Rivers State in the Niger 
Delta region with a landmark of about three hundred and 
sixty (360 sq km), (140 sq miles). The city features a 
tropical monsoon climate with lengthy and heavy rainy 
season and short dry season in December and January. 
Port Harcourt city lies within humid tropical rain forest 
zone of Nigeria and on an elevation of 18m above sea 
level at the western corner of Rivers State on coastal 
plain sand. Nta-Wogba stream is situated in Port 
Harcourt city, the stream is located between longitude 
4o48’6” N- 6c59’45”E and latitude 4o47’24”N – 7o0’30”E. 
Its upper course is located at a thick forest of Oha-mini. 
The River flows through several roads including Orazi, 
Rumueme and Port Harcourt city to Sani-Abacha road 
down to Olu-Obasanjo and empties into the Bonny 
estuary (Figure 1). 
 
 
Sample collection 
 
Samples of water were collected at three different 
sampling sites. The geographic specifics of the collected 
samples in the different sites were presented in (Table 1).  

Direct Res. J. Chem. Mater. Sci.        2 
 
 
 
The GPS cardinal positioning instrument (Techno 7C 
handset) was employed to detect the samples pots for 
proper collection of samples in subsequent sampling 
trips. 
 
 
Extraction of PAHs 
 
The extractions were performed on a chromatographic 
support filled with 10g of entirely stimulated silica 
accompanied with a known mass of 2g of anhydrous 
sodium sulfate (Prycek et al., 2007). The support was 
initially modified using 25 cm3 of n-hexane and then 
crude extraction was applied. The extracts were fixed on 
the support and were tracked by elution through 25 cm3 
of n-hexane which was collected as the initial fraction of 
extract. The obtained and purified extracts were then 
concentrated by volatization of the solvent that might 
remain to 5 cm3 by using rotary vacuum evaporator. A 
mild flow of gas stream of pure nitrogen was passed to 
almost completely dry situation. A 2 cm3solution of 
dichlorometane (DCM) was introduced by means of a 
micropipette. The extracts were at that point filtered by 
the use of a micro filter film (0.45um) and the pure 
extracts were kept in the refrigerator pending the time for 
analysis using GC-MS. 
 
Instrumental Analysis – GC-MS analysis conditions 
 
The detection and quantification of polycyclic aromatic 
hydrocarbons (PAHs) in the extracted samples were 
done by the use of gas chromatography (GC), attached 
to a mass spectrometry detection (MSD). The injector 
port was fixed at a temperature of 300oC. The hotness of 
the oven was maintained at 40oCat the beginning and 
later amplified at three different temperature speeds per 
time, namely 25oC/min to 120oC/min to 160oC/min and 
finally 5oC/min to 300oC/min. 
The pure extracts (2ul) were inserted without severing of 
the inserted gaseous plume. The polycyclic aromatic 
hydrocarbons (PAHs) were parted on a 30m (I.D. = 
0.25mm; film thickness = 0.25 um) 5 Sil. MS {1, 4 – bis 
(dimethyl siloxy) phenylene dimethyl polysiloxane} duct 
support. Helium gas of 99.9% purity was used as the 
carrier gas. The PAHs were ionized by the application of 
a 70 e V beam (electron ionization). The ions were 
quantified on a solo four-fold and smooth, multi-electron 
detector. The detector was operated in a selected ion 
monitoring (SIM) acquisition mode. 
 
 
RESULTS AND DISCUSSION 
 
Polycyclic aromatic hydrocarbons 
 
The results of PAHs obtained from the stream are shown 
in (Tables 2 and 3).The total PAHs values obtained  were  
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Table 1: Sampling sites showing the activities along Nta-Wogba stream and the coordinates. 
 

Sample Sites 
Coordinates 

Sample Type Activities 
North East 

Sani Abacha Road  4o48’06” 6o59’45” Water  Domestic activities  

Olu Obansanjo (curvette) 4o 48’ 57” 6o59’ 34” Water    
Domestic and commercial activities  
Mechanic Workshops 

Force Avenue (Old GRA) 4o 47’24” 7o0’30” Water  Domestics and Agricultural activities 
 
 

 
 
Figure 1: Map of Port Harcourt showing Nta-Wogba stream and the sampled points. 

 
 

Table 2: Concentrations of polycyclic aromatic hydrocarbon (mg/Kg) in water samples from different 
stations in Nta-Wogba stream in August. 
 
Conc. of PAHs (mg/L) Stations Mean ± SD 

Abacha Road Forces Avenue Olu Obasanjo 
Naphthalene - - - - 
Acenaphthylene 3.66093 2.37815 - 3.02± 0.91 
Acenaphthelene - - - - 
Fluorene 0.11629 - - - 
Anthracene 0.78364 - - - 
Phenanthrene - - - - 
Fluoranthene - - - - 
Chrysene 0.46626 3.44478 2.73763 2.22± 1.56 
Benzo (a) Anthracene 0.66521 10.21013 ND 5.44± 6.75 
Pyrene - - - - 
Benzo (b) fluoranthene 2.6360 2.08684 - 2.36± 0.39 
Benzo(a) Pyrene 1.50516 1.36959 4.98046 2.62± 2.05 
Indeno (1, 2,3-cd) Anthracene - - - - 
Dibenzo (ah) Anthracene 3.4706 - 10.56802 7.02± 5.02 
Benzo (ghi) perylene 0.18196 3.25078 3.05968 2.16± 1.72 
Benzo (k) fluoranthene 9.84292 2.00269 2.32763 4.72±1.72 
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Table 3: Concentrations of polycyclic aromatic hydrocarbon (mg/Kg) in water samples from different 
stations in Nta-Wogba stream in October. 
 

Conc. of PAHs (mg/L) Stations Mean ±SD 
Abacha Road Forces Avenue Olu Obasanjo 

Napthalene - - - - 
Acenaphthylene - 6.99623 3.93509 5.47±1.53 
Acenaphthele - 1.56021 - - 
Fluorene - 3.98494 - - 
Phenanthene - 3.35891 - - 
Anthracene 2.85010 - - - 
Fluoranthene -- 3.46348 - - 
Pyrene - 1.25786 - - 
Benzo (a) Anthracene - 1.85810 - 2.36±0.39 
Chrysene - 1.05359 1.04615 1.05± 0.01 
Benzo (k) fluoranthene 
Benzo (b) fluoranthene 

7.69692 
3.54879 

4.15653 
7.95633 

6.63873 
4.15596 

6.16±1.82 
5.22±2.39 

Benzo (a) Pyrene 4.88993 - 3.51468 4.20±0.97 
Indeno (1,2,3-cd) Anthracene - 5.61757 - - 
Dibenzo (ah) Anthracene - - - - 
Benzo (ghi) Pyrylene 6.23170 5.33957 11.26429 7.61±3.19 

 
 

Table 4: Ring size analysis of polycyclic aromatic hydrocarbon of Nta-
Wogbastream in August. 
 
Ring Size (mg/L) Sample Station 

Sani Abacha Forces Avenue Olu- Obasanjo 
2-3 4.561 2.378 - 
4 1.132 13.655 2.738 
5 13.984 5.459 7.308 
6 3.653 3.251 13.628 

 
 

Table 5: Ring size analysis of polycyclic aromatic hydrocarbon of Nta-
Wogba stream in October. 
  
Ring Size (mg/L) Sample Stations 

Sani Abacha Forces Avenue Olu- Obasanjo 
2-3 2.850 15.900 3.935 
4 - 7.633 1.046 
5 16.136 12.113 14.309 
6 6.232 10.957 11.264 

 
 
 
23.33, 23.67, 24.74 and 25.22, 24.58 and 31.09mg/Lfor 
June and October respectively. The results of PAHs 
obtained in October were slightly higher than those 
observed in June. This can be attributed to low rain fall in 
October than in June, thus causing more concentrated 
values of the PAHs relative to the volume of water in the 
stream. In both June and October, higher molecular 
weights PAHs were observed more than the low 
molecular weight PAHs. From the results Dibenzo (ah) 
Anthracene and Benzo (ghi) perylene recorded highest 
mean concentrations of 7.02±5.02 and 7.61±3.19 mg/L 
respectively. The high concentration of high molecular 
weight PAHs recorded can be attributed to its non-
biodegradability and persistent characteristics while the 
low concentrations of lower molecular weight PAHs can 

be attributed to their bio-degradable, less lipophilic and 
less persistence in the environment and so cannot be 
absorbed as strongly as the heavier PAHs. The larger or 
weightier PAHs are comparatively immobile when 
compared to the lighter PAHs, due to their larger weight 
and volume, low solubility and stability (Djomo et al., 
1996; Nasr et al., 2010). However, they can be absorbed 
unto the sediment in a water body and be more 
concentrated because of sedimentation processes 
resulting from gravitational pull (Edori and Iyama, 2018; 
Edori et al., 2020). The values from this study are greater 
than Canadian Council of Ministry of Environment 
(CCME) standards. The resolution of the sources and 
origin of the observed polycyclic Aromatic Hydrocarbon 
(PAHs) component is presented in (Tables 4 to 7).  



Official Publication of Direct Research Journal of Chemistry and Material Science: Vol. 8, 2021, ISSN: 2354-4163  

Direct Res. J. Chem. Mater. Sci.        6 
 
 
 

Table 6: Source diagnostic ratios of PAHs in water within the vicinity of Nta-Wogba 
stream (June). 
 

Sample Points An (An + Phe) Fl/(Fl + Pyr) BaA/(BaA + Chr) LMW/HMW 
Abacha road  1.00 - 0.59 0.24 
Forces avenue  - - 1.00 0.11 
Olu Obasanjo - - - - 
Petrogenic < 0.1 < 0.4 < 0.2 > 1.00 
Pyrogenic  > 0.1 > 0.5 > 0.35 < 1.00 

 
 
 

Table 7: Source diagnostic ratios of PAHsin water and sediments within the vicinity 
ofNta-Wogba sream (October) 
 
Sample Points An (An + Phe) Fl/(Fl + Pyr) BaA/(BaA + Chr) LMW/HMW 
Abacha road  1.00 - - 0.13 
Forces avenue  - 0.73 0.64 0.70 
OluObasanjo - - - 0.15 
Petrogenic < 0.1 < 0.4 < 0.2 >1.00 
Pyrogenic  > 0.1 > 0.5 > 0.35 < 1.00 
 
LMW: Low Molecular Weight PAHs = ∑ 2-3 rings PAHs 
HMW: High Molecular Weight PAHs = ∑ 4-6 rings PAHs 
An: Anthracene, Phe; Phenanthrene, fl; fluoranthene, Pyr; Pyrene. 
BaA: Benzo (a) Anthracene. Chr; chrysene, nd; not be determined because of the 
zero value of the denominator and/ or numerator. 

 
 
The wide spread of PAHs in environmental media is 
utilized in the identification and distinguishing the 
hydrocarbon sources and is important for assessing 
environmental damage (Wang and Fingas 1999).  The 
characteristics ratios of polycyclic aromatic hydrocarbons 
have been used to easily identify the sources of PAHs in 
environmental models and also differentiate between the 
sources (Olajire and Brack, 2005; Zemo, 2009).The 
different diagnostic ratios were utilized in the present 
study to resolve the bases of PAHs formation in water 
from Nta-Wogba stream. The proportion of (LMW) 2-3 
rings PAHs to (HMW) 4-6 rings PAHs have been used to 
differentiate between sources. LMW/HMW ration greater 
than 1 (>1) signifies a probable petrogenic origin for 
hydrocarbons while ratios less than 1 (<1) are generally 
considered to indicate a predominance of pyrogenic 
source (Wang, 2009). 

PAHs that are associated with non-combusted 
petroleum sources are referred to as petrogenic PAHs. 
However, the heavier ones are in most cases are 
ascribed to be typically pyrogenic formations, which are 
consequences of fossil fuel combustion sources. This 
study result indicates that PAHs in both sediments and 
water in Nta-Wogba stream are mixture of sources, a 
determinant pyrogenic source for PAHs and petrogenic 
source input probably due to run-off during raining 
season or associated activities within the environments. 

Diagnostic ratios of PAHs isomers have been used to 
identify and differentiate hydrocarbons source types in 
environmental samples whether they are petrogenic or 
pyrogenic. These proportions are dependent on the 

thermodynamics of development of the pyrogenic and 
petrogenic PAHs isomer (Bertand et al., 2015). The 
kinetics of less stable isomers are mainly generated 
during combustion at elevated temperatures, while the 
thermodynamics of more stable isomers dominate in the 
absence of combustion due to long duration processes 
such as diagenesis or catagenesis (Yunker et al., 2002). 
Anthracene/phenanthrene + anthracene (An/An + phe) 
ratios a lesser value than 0.1 signify probable petrogenic 
origin for hydrocarbons, whereas ratios more than 0.1 
suggest pyrogenic source (i.e combustion sources). 
Fluoranthene/fluoranthene + pyrene (fl/fl + pyr) ratio less 
than 0.4 suggest petrogenic source and ratio greater than 
0.5 are generally considered as indicative of a 
predominance of pyrogenic source. When ratios of 
(BaA/Baa + chr) are <0.2 or > 0.35, petrogenic or 
pyrogenic sources suspected respectively (Kavouras et 
al., 1999; Maioli et al., 2011). It was observed from the 
present study that the basis of the PAHs detected in Nta-
Wogba stream are richly from pyrogenic sources, while 
very little is from petrogenic sources. However, the 
values obtained from these ratios indicate that pyrogenic 
source was the dominate source of PAHs in the Nta-
Wogba stream. 

From the ring-sized analysis 2-3 ring PAHs were 
sparingly detected and recorded a low value except in 
Force Avenue in October that recorded high value due to 
handful of 2-3 ring PAHs detected in the sample location. 
The low ring 2-3 PAHs detected in the study can be 
attributed to their elevated capacity to be soluble in water 
and very high instability. Due  to  the   very   high   volatile  
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nature of the lower PAHs, they may freely be present in 
terrestrial environments in form of gases. Additionally, 
having the property of high solubility in water, they are 
freely accessible by living organisms and so are easily 
degraded. Therefore, they have lesser toxicity by means 
of decreased carcinogenicity, mutagenicity and 
teratogenicity. 4 ring PAH were also sparingly detected in 
October except in Force Avenue location but were 
generally detected in June while 5-6 ring PAHs were 
generally detected in both June and October and these 
can be attributed to their low water solubility and low 
volatility.  
 
 
Conclusion 
  
This study assessed the polycyclic aromatic 
hydrocarbons levels in Nta – Wogba stream of Port 
Harcourt, Rivers State Nigeria. From the results obtained 
it showed that the PAHs are of high concentrations, the 
diagnostic ratio analysis carried out showed that the 
sources of the PAHs are both petrogenic and pyrogenic. 
However, the governments and concerned agencies are 
required to take right measures to educate the public on 
measures to be taken on curtaining and drastically 
reducing activities that fosters PAHs generation.. 
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