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Abstract: The research identifies the sources and characterizes 

the concentrations of n-alkanes and polycyclic aromatic 

hydrocarbons (PAHs) in sediment and Littorina Littorea from 

Okujagu River. Samples were evaluatedutilizing n-alkanes, 14 

PAHs and Gas chromatography Mass spectrometer (GC-MS) 

ranging from C17 to C32 were identified and quantified. Total 

PAH and n-alkane dosage for both samples ranged from 2.38 to 

2.48mg/kg and 0.36 to 3.127mg/kg respectively. The sources were 

examinedutilizing PAH diagnostic ratios and n-alkane indexes. 

n-alkanes were characterized by carbon preference index (CPI), 

n-alkane proxy (Paq), Carbon maximum (Cmax), and the ratio of 

long chain hydrocarbons to short chain hydrocarbons 

(LHC/SHC). PAH diagnostic ratios such as Phenanthrene to 

Anthracene (Ph/An), Fluoranthene to Pyrene (Fl/Py), 

Ant/(Ant+Ph), Fl/(Fl+Py) and the ratio of lower molecular 

weight (LMW) PAHs to higher molecular weight (HMW) PAHs 

(LMW/HMW) were calculated to evaluate both petrogenic and 

pyrogenic (pyrolytic) PAHs. From the results, the diagnostic 

ratio of (Fl/Py) for sediment was 40 (>1) indicating PAHs origin 

from pyrolytic source while Fl/Py ratio of the Littorina Littorea 

sample was 0.25(<1) indicating petrogenic source. The (Ph/An) 

ratio for sediment and Littorina Littorea were 3.5(<10) and 

0.008(<1) respectively implying that the PAHs are source from 

combustion processes (pyrolytic). Also, the ratio of Ant/(Ant+Ph) 

was 0.22 (>0.1) for sediment and 0.99 (>0.1) for Litorina Littorea 

indicating PAHs origin from pyrogenic(pyrolytic) sources. While 

the ratio of Fl/(Fl+Py) was 0.98 (>0.4) for sediment suggesting 

PAH origin from pyrogenic(pyrolytic) source and 0.2 (<0.4) for 

Littorina Littorea indicating PAHs origin from petrogenic 

sources. The ratio of (LMW/HMW) PAHs was calculated to be 

2.42 (>1) for sediment and 24.608 (>1) for Littorina Littorea 

indicating PAHs origin from petrogenic sources. According to 

the diagnostic ratios used in this study, the PAHs in the sediment 

and Littorina Littorea samples originate from both pyrolytic and 

petrogenic sources. The study recommends that the disposal of 

waste, effluent discharges from industries and chemical release 

through agricultural activities into the marine ecosystem should 

be regulated as to control the contaminants in the system.  

Keywords: Concentration, Terrestrial, Biogenic, Macrophyte, 

Phytoplankton, Petrogenic, Pyrolytic, Organic Matter. 

I. INTRODUCTION 

rganic contaminants are various sources of plant and 

animal origin which alters the state of the ecosystem. 

They are carbon based chemicals which affects the life cycle 

of aquatic life and could be sourced from mechanical actions 

that coincidentally drain synthetic spillover into surface 

waters (Moustafaet al., 2016).  

Introduction to carbon-based contaminants, for example, 

polycyclic aromatic hydrocarbons (PAHs) and n-alkanes has 

been related with a scope of unfavorable wellbeing impacts, 

including malignant growth, resistant inadequacies and 

sensory system troubles. Development of carbon-based 

contaminants into water and soil occur through removals of 

waste, emanating releases from ventures and synthetic 

compounds discharge through agrarian actions. This 

contamination speaks to an expanding danger to the marine 

biological system and a likely danger to human wellbeing 

through utilization of items from the natural way of life 

(Rozita et al., 2010).  

Polycyclic fragrant hydrocarbons (PAHs) and n-alkanes are 

marine environment interminable constituents and their 

dosages have impressively expanded because of 

anthropogenic actions. This engenders unwanted impacts, 

particularly in beach front zones adjoining to populated 

metropolitan zones. n-Alkanes comprise of saturated and 

straight carbon chains of C6–C40 which contain even and odd 

carbon numbers that demonstrate anthropogenic and natural 

wellsprings of hydrocarbon. (Ahmed et al., 2016). 

Wellsprings of PAHs can be either petrogenic, from oil 

related actions (oil and its subsidiary) or pyrogenic 

(pyrolytic), from the deficient ignition of diesel fuel and 

motor oil, wood, coal, biomass of backwoods, grass fires, 

squander incinerators, and non-renewable energy sources that 

are utilized in mechanical processes and power plants 

(Ruchaya et al., 2006). PAHs, for example, naphthalene, 

fluorine, pyrene, acenaphthene, phenanthrene and so forth are 

broadly utilized in manufacturing products, for example, 

intermediates in drugs, horticultural items, photographic 

items, thermosetting plastics, and greasing up materials. 

Pyrogenic PAHs are described by the event of PAHs that 

convey a pudgy of sub-atomic loads, while oil hydrocarbons 

are overwhelmed by PAHs of the least sub-atomic weight 

(Neff et al., 2005). They are broadly scattered in the marine 

condition, especially in harbors, dockyards, marinas, estuaries 

and other shallow beach front regions with anthropogenic data 

sources (El Nemr, 2014). In marine environment, the 

O 
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contaminants caused by PAHs could be traceable to natural 

seepage or land-based sources such as river discharges, urban 

runoff, refineries and other industrial wastewater. 

Environmental distribution of PAHs is mostly associated with 

anthropogenic activities such as fossil fuel combustion, waste 

incineration, coal gasification, liquefaction processes, 

petroleum cracking, and production of coke, black carbon, 

coal tar, pitch and asphalt (Yunkeret al., 2002).   This study 

seeks to identify and characterize the sources of organic 

contaminants in sediment and Littorina Littorea from the 

study area using some geochemical parameters. 

II. MATERIALS AND METHODS 

The Study Area 

The research was performed at Okujaguriver in Okujagu-

Ama,Okrika Local government, Rivers State, Nigeria. The 

locality is situated in an island and is home to assessed 700 

people. It is located on the eastern aspect of the Bonny estuary 

in southern Nigeria inside Longitude 7° 3' 11.37" E and 

Latitude 4° 48' 23" N. The Okujagu River and related water 

frameworks is one of the most significant oceanic 

environments in the Niger Delta uncommonly inclined to 

contamination from various human actions inside and outside 

the zone. Among the various human actions, fishing, drifting 

route, clothing, removal of squanders, swimming, etc go on in 

and around the territory unregulated. This amphibian body 

likewise gets gushing releases from numerous enterprises, 

private structures and the fundamental Port Harcourt abattoir 

sited along the bank at Trans-Amadi industrial layout.    

Sample Collection  

Surface sediment samples were collected utilizing Ekman 

Dredge sampler at appropriate depths of 10m from the 

Okujagu River.  The samples were transferred into a clean 

aluminum foil and then placed on ice.  Mature periwinkles 

(Littorina Littorea) were harvested at the sample station, 

where they were reared until they reach certain sizes before 

the harvest. The samples were collected and stored in 

isothermic boxes containing dry ice. The samples were 

thoroughly scrubbed and washed and were processed by 

boiling at 100°C for 5mins and the meat was aseptically 

extracted. 

Samples were dried at room temperature, grinded and sieved 

before transporting to the laboratory for further analysis. 

Extraction of Soluble Organic Matter 

Extraction of the sediment sample was 

conductedutilizingsoxhlet device (EPA strategy 3540). 

Soxhlet was processed with dichloromethane for 20 minutes i

n a water shower for the thimbles and the glass fleece used in t

he extraction. In the soxhlet extricated thimble, 50 g of the sed

iment test was positioned with glass fleece and then filled wit

h dichloromethane and isolated for 18 hours. By expansion of 

30 g initiated (copper drenched in 20ml of 0.1 M condensed h

ydrochloric corrosive for 10mins) into the round base carafe d

uring extraction, concentrate was desulphurised. In order to ap

proach dryness using a vacuum evaporator, focus was lost. Co

ncentrate heaviness was overcome as a proportion of the extra

ctable or dissolvable carbon based matter (SOM) quantity con

sisting of asphaltenes and maltenes. 

Deasphaltation of the Extract 

Precipitation of asphaltenes from the dissolvable carbon-based 

matter (SOM) was done utilizing the methodology depicted 

by Schoell et al; (1983). 20ml of a blend (1:30) of 

dichloromethane/oil ether was added to 10ml of the 

concentrate and centrifuged at 3000rpm for about 20mins. The 

asphaltenes hastened from solvent carbon-based matter were 

disposed of subsequent to washing. The maltenes acquired 

from the concentrate were additionally isolated by fluid 

chromatography (section 30 x 1.2cm) into aliphatic, fragrant 

and hetero-divisions. 

Liquid Chromatographic Separation of Maltenes 

The detachment of maltene 

fluid chromatography has been completed into aliphatic, arom

atic and hetero parts. A barrel-shaped column (30 x 1.2 cm) co

mposed of glass was pushed above the silica gel with enacted 

silica gel (20 g actuated by oven heating for 2 hours at 400 ° C

) and alumina (neutral, 10 g initiated by oven heating for 2 ho

urs at 500 ° C). The condensed extract (2ml) was cautiously a

pplied to the head of the column that had previously been cinc

hed into place. The immersed (aliphatic) component was elute

d with 50ml hexane; for the elution of the aromatic section, 20

0ml of 1:1 dichloromethane / hexane blend was used (Nna and

 Kpee, 2017). Eventually, to remove the hetero-division a mix

ture (1:2, 60ml) of methanol / dichloromethane was used.  

Analysis by Gas Chromatography-Mass Spectrometry (GC-

MS) 

Using a Hewlett-Packard Model 6890 structure mass chromat

ograph (GC) coupled to a Hewlett-Packard Model 5973 Quadr

upole Mass Selective Detector (MSD), the gas chromatograph

y mass spectrometry (GC-MS) study of the aromatic and aliph

atic divisions of the maltenes extricates was carried out. On a 

DB5-MS fragment (60 m x 0.25 mm i.d, 0.25μm film thicknes

s), the GC detachment was achieved. The working conditions 

of the GC were as follows; the temperature was set from 50 ° 

C (isothermal for 1 minute) to 120 ° C at a rate of 20 ° C / min

 and then to 300 ° C at a rate of 3 ° C / min, with a final tempe

rature of 45 minutes. The carrier gas used was helium. Under 

electronic tension monitoring, measurements were passed into

 the cold onsegment injector. The outlet of the GC section was

 clearly connected to the mass spectrometer's particle wellspri

ng. The GC-MS interface was held separately at 280 ° C, whil

e the particle source and quadrupole evaluator were at 230 ° C

 and 150 ° C. In the electron sway mode (EI) at 70eV ionizatio

n vitality, the mass spectrometer was run. 45-550 daltons (0-4

0mins) and 50 700 daltons (above 40mins) were reported as m

ass spectra. Measurement was accomplished by acquiring mas

s chromatograms at sub-atomic concentrations and, using the 
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HP-MSD chemstation integrator, selected m / z values of diffe

rent PAH and biomarker compounds separately. Singular com  

pounds are characterized by mass spectrum association with 

writing information and explanation of mass spectrometric 

discontinuity designs 

Statistical Analysis of Data 

Statistical analysis of the data generated in the study was 

based on mean. 

III. RESULTS AND DISCUSSION 

Table 1: Concentration of n-Alkanes in sediment and Littorina Littorea (mg/kg) 

Compound Name 
Molecular 

Weight 

Molecular 

Formular 
Littorina Littorea Sediment Mean SD 

Octadecane 256 C17H37 0.18 0.09 0.07 0.09 

Nonadecane 270 C18H40 0.08 0.31 0.10 0.15 

n-Heneicosane 296 C21H44 0.06 0.35 0.12 0.23 

Tricosane 324 C23H48 0.28 0.22 0.39 0.18 

Tetracosane 338 C24H50 0.26 0.14 0.33 0.19 

Pentacosane 352 C25H52 0.03 0.21 0.14 0.25 

Hexacosane 366 C26H54 0.11 0.11 0.11 0.16 

Heptacosane 380 C27H56 0.14 0.14 0.14 0.17 

Octacosane 394 C28H58 0.48 0.21 0.59 0.19 

Nonacosane 408 C29H60 0.53 0.23 0.65 0.19 

Traicontane 422 C30H62 0.18 0.19 0.28 0.15 

Dotriacontane 450 C32H66 0.05 0.25 0.15 0.14 

Total Concentration 2.38 2.48 Mean  

 

Table 2: Characteristics Organic Geochemical Parameters and Diagnostic 
Ratios from n-Alkanes 

Samples 
C

max
 

n-alkanes 

CPI 

n-alkanes 
P

aq
 LHC/SHC 

Littorina 

Littorea 
C

29
 1.1 0.37 3.0 

Sediment C
21

 1.5 0.65 1.40 

 

Cmax = n-Carbon maximum 

CPI     = Carbon Preference Index 

Paq    = n- alkane Proxy  

LHC/SHC = Ratio of long chain hydrocarbon to short chain 

hydrocarbon 

Paq   =       (C23 + C25) 

                (C23+C25+C29) 

 

CPI   = C23+C25+C27+C29 

            C24+C26+C28+C32 

 

LHC/SHC = C27+C29+C32 

                        C17+C21 

 

Table 3: Concentration of PAHs in sediment and Littorina Littorea (mg/kg) 

Compound 
 Name 

No. 

of 

Rings 

Molec

ular 

weight 

Molecular 
Formula 

Littorina 
Littorea 

Sedim
ent 

Mean 

Xylene 3 106.2 C8H10 ND ND ND 

Naphthalene 2 128.2 C10H8 0.324 0.236 0.44 

Acenapthene 3 152.2 C12H8 0.81 0.021 0.82 

Acenaphthylene 3 152.2 C12H8 0.002 0.001 0.003 

Fluorene 3 166.2 C13H10 0.024 0.02 0.01 

Phenanthrene 3 178.2 C14H10 0.016 0.07 0.008 

Anthracene 3 178.2 C14H10 1.90 0.020 1.91 

Fluoranthene 4 202.2 C16H10 0.005 0.04 
0.002

5 

Pyrene 4 202.2 C16H10 0.02 0.001 0.021 

1,2 Benzanthracene 5 228.3 C18H12 0.002 0.002 0.002 

Benzo(a)pyrene 5 252.3 C20H12 0.022 0.015 0.03 

Benzo b fluoranthene 5 252.3 C20H12 0.05 0.023 0.012 

Benzo(k)fluoranthene 5 252.3 C20H12 0.001 0.05 0.001 

Benzo(g_h_i)perylene 6 276.3 C22H12 0.014 0.009 0.019 

Dibenzyl(a_h) 

anthracene 
5 278.3 C22H14 0.011 0.012 0.02 

Total Concentration 3.174 0.52  

 

 

 



International Journal of Research and Innovation in Applied Science (IJRIAS) | Volume V, Issue XI, November 2020|ISSN 2454-6194 

 

www.rsisinternational.org Page 101 
 

Table 4: PAHs Diagnostic Ratios 

Ratios Littorina Littorea Sediment 

Fl/Py 0.25 40 

Ph/An 0.008 3.5 

Ant/(Ant+Ph) 0.99 0.22 

Fl/(Fl+Py) 0.2 0.98 

ƩLMW/ƩHMW 24.608 2.42 

 

Where: 

Fl = Fluoranthene 

Py = Pyrene 

Ph = Phenanthrene 
An = Anthracene 

ƩLMW = Sum of Lower Molecular Weight PAHs (2 or 3 ring PAHs) 

ƩHMW = Sum of Higher Molecular Weight PAHs (4 to 6 ring PAHs) 

Fl/Py  =Fluoranthene 

                 Pyrene 

Fl/Py ratios greater than 10 (>10) come from pyrolytic origins 

while ratios less than 10 (<10) come from petrogenic sources. 

Ph/An = Phenanthrene 

                 Anthracene 

Ph/An ratios greater than 10 (>10) come from petrogenic 

origins while ratios less than 10 (<10) come from pyrolytic 

sources(Qiu, et al; 2009) 

Distribution of n-alkane series 

Sediment and Littorina Littorea from Okujagu River recorded 

n-alkane distributions ranging from C17 - C32 carbon chain 

length (Table 1). The n-alkane mean concentration varied 

from 0.03-0.53mg/kg for Littorina Littorea sample and 0.09-

0.35mg/kg for sediment samples (Table 1). The total 

concentrations of n-alkanes in Littorina Littorea and sediment 

were 2.38 and 2.48mg/kg respectively.  

The CPI, a measure of organically blended n-alkanes 

(Simoneit, et al., 2002) shows the overall commitments of n-

alkanes from regular (biogenic/earthbound, i.e; CPI ˃1) 

contrasted with anthropogenic (oil/petrochemical i.e; CPI ˂1) 

sources. In this investigation, the CPI was determined by Nna, 

(2014) and was found to have trademark esteems somewhere 

in the range of 1.1 and 1.5. This shows the presence of 

biogenic/earthbound contribution at all stations.  

The ascertainment of carbon maximum (Cmax) for the two 

examples additionally give a sign of the relative source input, 

where Cmax ˃ 25 for n-alkanes mirrors the consolidation of 

higher plant wax and Cmax ˂ 25 shows a significant 

contribution of microbial/oil sources (Mazurel and Simoneit, 

1997). By and large, the predominant Cmax decided for the n-

alkane biota and sediment gathered from Okujagu River were 

C21 and C29. This proposes a blended commitment of 

earthbound and oil/microbial wellsprings of carbon-based 

matter in the stream.  

So as to assess the source of long-chain n-alkanes in the 

examples (i.e, regardless of whether the long chain n-alkanes 

are gotten from either higher plant waxes or macrophytes), the 

boundary, n-alkane intermediary (Paq) was determined. 

Estimations of Paq (Table 3) extended from 0.37 to 0.65 for 

the whole example suite. Ficken et al. (2000) reported that 

estimations of Paq running from 0.01 to 0.23 are connected to 

earthbound plant waxes, while those in the scope of 0.48 to 

0.94 are related with lowered/skimming types of macrophytes. 

Aftereffects of this investigation propose more commitment 

from lowered/skimming types of macrophytes to long chain n-

alkanes in sediment from Okujagu River.  

To decide the predominant higher plants and/or macrophyte-

inferred or potentially phytoplankton-determined matter, 

LHC/SHC proportions were determined and had values going 

from 1.40 to 3.00 (Table 2). As indicated by Commendatore, 

et al. (2012). High estimations of LHC/SHC are overwhelmed 

by higher plant as well as macrophyte waxes, while low 

qualities are overwhelmed by phytoplankton-determined 

carbon-based matter. Results of this study suggest more 

contribution from phytoplankton-derived organic matter. 

Distribution of PAHs  

 A total of Fourteen (14) PAHs were quantified, identified and 

detected in both sediment and Littorina Littorea samples 

obtained from Okujagu River (Table 3). As can be seen in the 

Littorina Littorea sample, Anthracene and Acenaphthene 

recorded the highest concentration followed by Naphthalene. 

The lowest PAHs concentration recorded in Littorina Littorea 

was Benzo(k)Fluoranthene, Acenaphthylene and 1,2 

Benzanthracene. The sediments recorded Naphthalene as the 

most concentrated PAHs whereas Pyrene and Acenaphthylene 

were low in their concentrations (Table 3). 

Source Identification 

The significant wellsprings of anthropogenic PAHs are non-

renewable energy source burning (Pyrolytic) and oil spillage 

(Petrogenic). PAH unique mark proportions, for example, 

Phenanthrene to Anthracene (Ph/A), Fluoranthene to Pyrene 

(Fl/Py), Ant/(Ant+Ph), Fl/(Fl+Py) and the proportion of LMW 

PAHs to HMW PAHs (LMW/HMW) have been determined 

to assess both petrogenic and pyrogenic (pyrolytic) PAHs 

(Magi et al., 2002). Petrogenic PAHs are regularly portrayed 

by Ph/A qualities > 10 though ignition measures that bring 

about the creation of pyrolytic PAHs are determined by low 

Ph/A proportions (<10). For the most part, Fl/Py proportions 

more noteworthy than 1 (>1) originate from pyrolytic 

birthplaces while proportions of under 1 (<1) appear to be 

petrogenic source (Qiu, et al., 2009). The Origin of PAHs in 

the sediment could be discernible to petroleum derivative 

burning (pyrolytic) because of the presence of phenanthrene. 

Anthracene, fluoranthene, pyrene and benzo(a)anthracene 

(Qiuet al., 2009). The xylene is another proof to discover the 
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pyrolytic wellspring of PAHs. The demonstrative proportion 

of fluoranthene/pyrene indicated that Fl/Py proportion for 

sediment was 40 (>1) showing PAHs inception from pyrolytic 

source while Fl/Py proportion of the periwinkle test was 

determined and the worth was 0.25(<1) demonstrating 

petrogenic source. This outcome was in accordance with the 

report by Que, et al.,2009. The Phenanthrene/Anthracene 

proportion was determined and for sediment, an estimation of 

3.5 which was under 10 inferring that the PAHs are source 

from burning cycles (pyrolytic) and that of Littorina Littorea 

was 0.008 which was additionally under 10, a sign of 

petroleum product ignition (pyrolytic) sources. This is in 

agreement with the report by Fickenet al., (2000). The 

analytic proportions of Ant/(Ant+Ph) and Fl/(Fl+Py) were 

additionally used to recognize petrogenic and pyrolytic PAHs. 

Petrogenic PAHs are frequently portrayed by Ant/(Ant+Ph) 

values <0.1 while burning cycles that bring about the creation 

of pyrolytic PAHs are indicated by Ant/(Ant+Ph) values >0.1 

(Pies, et al., 2008). Likewise, Fl/(Fl+Py) proportions more 

noteworthy than 0.4 (>0.4) originate from pyrolytic causes 

while proportions of under 0.4 (<0.4) appear to be petrogenic 

source (De La Torre-Roche et al., 2009). From the outcomes 

(Table 4), the proportion of Ant/(Ant+Ph) was determined to 

be 0.22 (>0.1) for sediment and 0.99 (>0.1) for Littorina 

Littorea demonstrating PAHs birthplace from 

pyrogenic(pyrolytic) sources. While the proportion of 

Fl/(Fl+Py) was determined to be 0.98 (>0.4) for sediment 

recommending PAH birthplace from pyrogenic(pyrolytic) 

source and 0.2 (<0.4) for Littorina Littorea showing PAHs 

starting point from petrogenic sources. This result is also in 

agreement with the report by Flemminget al., (2008). The 

circulation of various PAH rings likewise demonstrates 

various wellsprings of the PAHs from petrogenic and 

pyrogenic beginnings. This is on the grounds that PAHs from 

a petrogenic source prevalently comprise of lower atomic 

loads (two and three rings), while the pyrogenic birthplace 

PAHs by and large have higher sub-atomic loads, for 

example, four-and five-ring PAH species (Kannan et al., 

2005). From the outcomes, The all-out centralization of lower 

sub-atomic weight (LMW) PAHs for sediment and Littorina 

Littoreawas 0.368 and 24.608 separately while the absolute 

convergences of higher sub-atomic weight (HMW) PAHs for 

sediment and Littorina Littoreawas 0.152 and 0.125 

individually. From the outcomes, the centralizations of the 

lower atomic weight PAHs are discovered to be higher than 

the higher sub-atomic weight PAHs (Table 3) showing PAHs 

beginning from petrogenic sources. The proportion of LMW 

PAHs to HMW PAHs (LMW/HMW) has accordingly been 

utilized to recognize petrogenic (>1 values) and pyrolytic (<1 

values) sources. From the outcomes (Table 4), the proportion 

of Lower atomic weight PAHs and Higher sub-atomic weight 

PAHs was calculated to be 2.42 (>1) for sediment and 24.608 

(>1) for Littorina Littoreaindicating PAHs origin from 

petrogenic sources. 

 

IV. CONCLUSION 

The study was centered on identifying and characterizing the 

sources of organic contaminants concentration in sediment 

and Periwinkle (Littorina Littorea) from Okujaguriver. The 

organic contaminants considered in this study were n-alkanes 

and Polycyclic aromatic hydrocarbons. Sources of n-alkanes 

from the study area was traceable to natural or anthropogenic 

sources.The sources for LMW to HMW PAHs was traceable 

to petrogenic and pyrolytic sources for sediments. However, 

there were considerably traces of PAHs sources from 

petrogenic in the Littorina Littorea. A number of indices were 

used to identify hydrocarbon sources of n-alkanes found in 

sediment and Littorina Littorea and from the findings, the 

sources of n-alkanes found were from submerged floating 

species of macrophytes, biogenic/terrestrial input, 

petroleum/microbial sources of organic matter and 

phytoplankton derived organic matter. Sources of PAHs could 

be petrogenic or pyrolytic. The sources of PAHs were 

obtained through diagnostic ratios such as Phenanthrene to 

Anthracene (Ph/An),Fluoranthene to Pyrene (Fl/Py), 

Ant/(Ant+Ph), Fl/(Fl+Py) and the ratio of lower molecular 

weight (LMW) PAHs to higher molecular weight (HMW) 

PAHs (LMW/HMW). From the diagnostic ratios used in this 

work, the PAHs in sediment and Littorina Littoreaoriginate 

from both petrogenic and pyrolytic sources. 

V. RECOMMENDATIONS 

 The study recommends the following measures as to curtail 

the menace of organic contaminants in aquatic environments. 

 Measures should be put in place to regulate the 

disposal of waste, effluent discharges from industries 

and chemical release through agricultural activities 

into the marine ecosystem. 

 Illegal refining should be stopped as they are the 

major source of petrogenic PAHs. 

 Industries that generate waste should always pre-treat 

the wastewater coming from the industries and 

abattoir before final disposal into the river.  

 Further studies should be carried out in the same area 

to identify the sources of more organic contaminants 

with a view to combat the menace associated with it 

and for making decisions concerning site 

remediation. 
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