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ABSTRACT 

The distributions, source(s), and eco-toxic potential evaluations of sedimentary PAHs at the Okpu 

and Iyiowa-Odekpe sections of the River Niger was the focus of this study. Composite samples were 

taken in the months of June, September, December, and February, at five (5) different stations (ST-1, 

ST-2, ST-3, ST-4, & ST-5), and extracted with dichloromethane (DCM) using soxhlet extractor. After 

a silica gel clean-up, samples were analysed for the sixteen (16) priority PAHs listed in United State 

Environmental Protection Agency (US EPA) priority pollutants list with the aid of gas chromatography 

– mass spectrometry (GC-MS). Total PAHs (∑16PAHs) concentrations ranging from 252.10 – 5,392.00 

µg/Kg with a mean of 1,954.76 ±474.48 µg/Kg were obtained for the different stations. The order of 

mean total PAHs (∑16PAHs) concentrations for the months was: Sep. > Jun. > Dec. > Feb., indicating 

significantly higher values in the rains than the dry seasons. The mean total PAHs and the total PAHs 

for all stations except ST-4 were below the 4,022 µg/Kg Effect Range Low (ERL) target value for 

sediment quality guidelines (SQG) signifying that ecological toxic effects would be rarely observed. 

However, the total toxic equivalent quotient (∑8TEQs) for the eight carcinogenic PAHs, implicated 

some stations to have likelihood of posing threat to the environment.  Individual PAH concentrations 

ranged from ND – 872.87µg/Kg with a mean of 122.17±94.52µg/Kg. The dominant PAHs in the 

sediments were: BaP (14.0%), Acy (12.2%), Acp (11.5%), Flt (10.9%), and BbK (10.7%). The 
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contribution to sediment toxicities was however, mainly due to BaP, accounting for 85.68 and 78.84% 

of ∑C8TEQs and ∑C8MEQs values respectively. The total toxic (∑C8TEQs) and mutagenic 

(∑C8MEQs) equivalent quotients ranged from 14.98 – 668.40 and 16.88 – 775.38 µg/Kg dw 

respectively with a mean of 320.47 and 348.15 µg/Kg dw respectively. The order of toxicity of the 

stations based on normalized total toxicity equivalence quotients (∑TEQs) values was: ST-5 > ST-4 > 

ST-3 > ST-2 > ST-1. Source apportionment using diagnostic ratios implicated mixed – petrogenic and 

pyrogenic – sources of PAHs. The pyrogenic contributions were however, more abundant. 

Developmental plans and actions necessary to discourage further increased anthropogenic inputs of 

PAHs in the sediments in order to mitigate negative impacts on aquatic ecosystem and sustain public 

health is imperative. 

 

Keywords: environmental pollution, PAHs, sediments, River Niger, eco-toxic, source diagnosis, 

petrogenic, pyrogenic 

 

 

 

1.  INTRODUCTION 

 

Pollution of river bodies as a result of anthropogenic activities has impact on the 

inhabiting organisms, the plants irrigated by it, as well as animals and humans that drink and 

use it either for recreational or domestic purposes or feeds on organisms (fishes and crabs) taken 

from the source [1]. One group of pollutant of increasing concern in the river bodies to man is, 

polycyclic aromatic hydrocarbons (PAHs). This concern hinged on their widely known 

carcinogenic, mutagenic, teratogenic, and toxic potentials [2-3]. PAHs are a group of typical 

chemicals containing two or more fused aromatic rings. Their presence in the environment 

could be derived from three main sources viz: petrogenic (from fossils fuels such as coal and 

coal products, crude oil and refined petroleum products), pyrogenic (from incomplete 

combustion of organic materials such as grass, woods, coal, petroleum products and industrial 

pyrolytic processes), and biogenic (from synthesis by certain plants and bacteria and 

transformation of natural organic precursors by diagenic processes) [4-5]. In a contaminated 

environment, PAHs sourced from natural processes such as: emissions from volcanic eruptions, 

natural forest fire and moorland fire caused by lightning flashes, and diagenesis of organic 

matter in anoxic sediments, are infinitesimally small compared to those inputs from 

anthropogenic sources. The anthropogenic sources of PAHs in the environment include: fuel 

combustion, industrial pyrolysis, vehicular exhausts emissions, oil spills, offshore drilling, and 

runoff from industrial and urban areas [6]. PAHs finds their ways into water bodies through: 

petroleum spills or leakages from farm tanks, tankers, trucks, vessels and ships, industrial and 

municipal waste water discharges, urban runoff from contaminated sites, commercial shipping 

activities, atmospheric fallout of automobile exhaust and combustion activities bush burning 

and coal combustion, indiscriminate dumping of petroleum products on water ways, etc [5, 7].  

PAHs being lipophilic, are adsorbed unto suspended particulates in the water column and 

are eventually settled down with sediments. PAHs may accumulate to high concentrations in 

sediments because they are hardly ever oxidized either photo-chemically or biologically under 

normal conditions.  Factors that may impact PAHs’ concentrations in sediments include: 

sediment type and size, geographical location, water migration, etc [8]. However, change in 

environmental conditions may cause adsorbed PAHs to be release in to water column by 

physicochemical and biological processes, leading to secondary pollution of the aquatic 
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environment. Thus sediments can act as sink and as secondary intrinsic source of PAHs 

contamination in the aquatic system. The Water Protection Ordinance regards sediments as part 

of the surface waters. Therefore, they should not accumulate any persistent pollutant (such as 

PAHs) in order to protect the aquatic life [9]. Toxic PAHs in sediments can bio-accumulate in 

lipids of aquatic species such as squids and fishes through the food chain. The ingestion of these 

sea foods transfers PAHs into the human systems. PAHs’ lipophilic, low-biodegradability, and 

persistence nature encourage their biological magnification along the food chain and 

accumulation in higher organisms and man [10]. Besides, human water-based activities like 

swimming can result to dermal absorption of sediment bound PAHs. 

Environmental risk assessment enables the evaluation of how likely the environment may 

be impacted as a result of exposure to sedimentary PAHs. Sediment quality guidelines and toxic 

equivalent factors are the most recent techniques being employed in the assessment of toxic 

potentials of PAHs in sediments [5, 11-12]. Sediment quality guidelines approach compares 

measured concentrations of PAHs in sediments to reference standard such as effects-range low 

(ERL) or threshold effect level (TEL) and effects-range median (ERM) or probable effect level 

(PEL) in order to comprehend the degree of impacts of PAHs (if any) on the environment. The 

toxic equivalent factor approach however, converts measured values of other PAHs to their 

benzo[a]pyrene (BaP) equivalent concentration using toxic equivalent factor. The effects and 

mode of actions of BaP are well documented, thus its impacts on the environment is easily 

evaluated. PAHs have been acknowledged as initiator of mutagens, carcinogens, teratogens, 

and immunotoxins in various life forms [3-4, 13-15]. They have been found culpable for wide 

ranging health complications such as: eye cataracts, kidney, liver, and lungs damages and 

malfunctions, breathing problems and asthma-like symptoms, as well as decreased immune 

function [4, 16-17]. Long-term exposure to PAHs is also associated with the development of 

cancer tumors in skin, lung, oesophagus, colon, pancreas, and bladder as well as the 

neurological and reproductive systems [10, 18-20]. The overall impacts of PAHs on organisms’ 

health however, are a function of various factors such as: relative toxicity of individual PAH 

that constitutes the PAHs mixture, the mode of exposure, duration of exposure, exposure dose, 

pre-health conditions, age of the organisms etc. Nevertheless, the general acute effects of PAHs 

on human include: eye and skin irritations and inflammation, vomiting, diarrhoea, and 

confusion [3, 4]. The United States Environmental Protection Agency (US EPA) in her reaction 

to the trepidations of the ecological and health impacts of PAHs, has enlisted sixteen (16) PAHs 

in her list of priority pollutants, viz: naphthalene (Nap), acenaphthylene (Acy), acenaphthene 

(Acp), fluorine (Flr), phenantrene (Phe),  anthracene (Ant), fluoranthene (Flt), pyrene (Pyr), 

chrysene (Chr), benzo[a]anthracene (BaA), benzo[b]fluoranthene (BbF), benzo[k]fluoranthene 

(BkF), benzo[a]pyrene (BaP), indeno[1,2,3-cd]pyrene (IcP), dibenzo[a,h]anthracene (DhA), 

and benzo[g,h,i]perylene (BgP).  

Diagnostic ratios have been designed by various authors to distinguish the sources of 

PAHs in environmental media. Some of the most commonly used ratios include: Ant/(Ant + 

Phe), Flt/(Flt + Pyr), BaA/(BaA + Chr), IcP/(IcP + BgP) and ∑LMW/∑HMW [21-24]. The 

uniqueness of PAH composition and distribution as a function of the emission source furnish 

the rationale for the distinction. Paired isomers are usually employed for the discrimination and 

are based on the fact that paired isomers are weathered to a similar extent and that the ratios do 

not change from source to receptor points [25]. The ratios are also based on the differences in 

heat of formation at the same molecular mass isomers. Formation of stable isomers from fast 

reactions (the kinetic product) results from pyrogenic processes. Whereas, digenesis processes 
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favours the most stable isomers by increasing the time of reaction (the thermodynamic product) 

[5, 26-27]. Thus petrogenic inputs will show higher value for the ∑LMW/∑HMW ratio and 

lower one for pyrolytic source. The reverse is however the case for the first four (4) ratios listed 

above. Though PAHs occur naturally in aquatic environment, their large presence and 

consequent accumulations in sediments have been attributed to Industrialization and rapid 

urbanization with its attendant increased in anthropogenic activities. 

Previous pollution study of the Okpu and Iyiowa-Odekpe segments of the River Niger by 

Chokor [7, 10] reported considerable quantity of Total Petroleum Hydrocarbons (TPHs) in the 

surface waters and sediments. This study focused on the distribution and source identification 

of polycyclic aromatic hydrocarbons (PAHs) in sediments, as well as the eco-toxicological 

evaluation of same using suitable diagnostic indices and assessment methods. 

 

 

2.  MATERIALS AND METHODS 

2. 1. Study area 

The River Niger has it origin at the Guinea Highlands in South-Eastern Guinea and cut 

across almost all climatic zones in West Africa. It is the main river in West Africa covering 

approximately 4,180 Km (2,600 mi) with a drainage basin of about 2,117,700 Km2 (817,600 sq 

mi) in area. This attribute, makes it the third longest river in Africa, surpassed only by the Nile 

and Congo River.  

It meanders through Mali, Niger on the border with Benin and then flows into Nigeria 

where it’s eventually discharge through a massive delta known as the Niger Delta into the 

Guinea Gulf of Atlantic Ocean. Sediments samples were taken few kilometres away from 

popular Niger Bridge which connects Okpu, Delta State (South-Southern Nigeria) and Iyiowa-

Odekpe in Ogbaru local Government Area, Anambra State (South-Eastern Nigeria). 

Five (5) composite samples were collected at five different stations at some kilometres 

apart in the River bed, their coordinates were properly recorded viz: ST-1 (N06°07’00.78” 

E06°45’11.95”), ST-2 (N06°06’00.22” E06°43’38.13”), ST-3 (N06°05’25.98” E06°45’ 

16.35”), ST-4 (N06°04’37.50” E06°44’43.84”) and ST-5 (N06°02’11.03” E06°44’07.12”).  

The adjoining land coasting  of the river at these axes are characterized by the presence 

of: petroleum and allied products companies (such as auto-refueling stations, Cychris 

Petroleum Ltd and Edga Petroleum Ltd.), food processing and packaging factories (e.g. MUR 

foods and restaurant, Pax Christi integrated food and beverage Ltd,) and a naval base (Navy 

outpost, Odekpe), etc. The principal human activities occurring at the river side’s comprise: 

commercial marketing (Ogbo Agbada Market), sand dredging, farm practices involving bush 

burning, commercial shipping, and regular vehicular transportation including movement of 

trucks (Tippers). Indiscriminate disposal of wastes on the river is also obvious. 

 

2. 2. Sample collection 

Samples were collected from the bottom surface sediments (5 – 10 cm) with the aid of a 

stainless steel Van Veen grab sampler aboard a fishing boat.  At each station, three samples 

were taken at random and composited to form a representative sample for each station. Samples 

were placed in pre-cleaned wide-mouth amber bottles and kept in ice chest at temperature below 

4 °C for onward transportation to the laboratory for analysis. Collections of samples were 

carried out in the months of June, September, December, and February. 
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2. 3. PAHs Extraction 

Sediment samples that have been air dried in the dark for about five (5) days were 

homogenized and sieved through 0.5 mm mesh. 10g aliquot of the sieved samples were mixed 

with adequate quantity of anhydrous sodium sulphate (Na2SO4) (about 5g) to remove moisture. 

The mix was spiked with surrogate standard (10 µg/mL of σ-Terphenyl and 2-Fluorobiphenyl) 

and extracted with 200 mL of dichloromethane (DCM) for 24 hr. Extracts were dried by passing 

through column of anhydrous sodium sulphate; and reduced to about 2 mL with a rotary 

evaporator [5, 10, 28]. 

 

2. 4. Sample clean-up and separation 

Clean-up was carried out in open glass column (adsorption chromatography) parked with 

2g anhydrous Na2SO4 (top), 10g activated silica gel slurry (middle), and glass wool (bottom). 

Concentrated extracts were transferred into the column (10 mm i.d. × 30 cm), and eluted first 

with 30 mL of n-hexane to separate the aliphatic fraction and then with 30 mL of DCM to obtain 

the aromatic fraction.  

The aromatic fractions were concentrated to about 2mL with rotary evaporator at 30 °C; 

1.5 mL of it was transferred into chromatographic vial and stored at 4 °C prior to gas 

chromatography-mass spectrometry (GC-MS) injection. A blank sample was processed the 

similar way for the purpose of quality assurance [5, 10, 24, 28, 29]. 

 

2. 5. Gas chromatography analysis 

A gas chromatography-mass spectrometry(Agilent 6890N (GC) interfaced with an 

Agilent 5975B mass selective detector(Agilent Technologies, Santa Clara, USA) was used for 

analyses of the Polycyclic aromatic hydrocarbons (PAHs). A DB-5 capillary column with 

dimension of 30m × 0.32 mm × 0.25 µm was used for the separation. Pure helium gas at a flow 

velocity of 1 mL/min was used as the carrier gas. The samples were injected into the GC via a 

pulsed split-less mode with an injection volume of 1µL. The initial chromatographic column 

temperature was held at 70 °C for 20 min., followed by increase to 150 °C at rate of 25 °C min-

1. The temperature was further ramped to 200 °C at 3 °C min-1, and finally to 300 °C at 2 °C 

min-1. The temperature of the injection port, ion source, quadrupole and transfer line were 250, 

230, 150 and 280 °C respectively. 

 

2. 6. Identification and Quantification 

Deuterated PAH internal standard solutions (naphthalene-d8, acenaphthene-10, 

phenanthrene-d10, chrysene-d12, and perylene-d12) and surrogate standard solutions (2-

fluorobiphenyl and 4-terphenyl-d14) were used for sample quantification and quantifying 

procedural recovery. PAHs were identified by comparing their retentions time with those of 

corresponding standards, and quantification was done using response factors related to the 

respective internal standards based on five-point calibration curve for the individual PAH.  

 

2. 7. Determination of Organic Carbon 

The determinations of organic carbon contents were carried out using Standard methods 

[30].  
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3.  RESULTS AND DISCUSSION 

3. 1. Concentrations of total PAHs (∑16PAHs) in sediments. 

Total PAHs (∑16PAHs) concentrations in the sediments (Fig. 1) varied widely across the 

five (5) stations; from 252.10 µg/Kg at ST-2 in the month of February to 5,292.00 µg/Kg 

recorded at ST- 4 for the month of September. Total PAHs levels in the sediments, did not 

exhibit any regular pattern of increment up or down stream indicating perhaps that pollutants 

PAHs contributions to sediments did not emanates from a single point source but diverse 

sources. The mean concentrations of ∑16PAHs for the stations for the months of June, 

September, December, and February were: 2,160.58 ±1,645.39; 2,511.44 ±2,016.99; 1,700.92 

±1,380.56; and 1,446.12 ±1,334.24 µg/Kg respectively. The average concentrations for each 

station in all the sampled months were: 1,104.95 ±368.25; 506.50 ±265.76; 1,040.30 ±307.11; 

4,162.90 ±899.20; and 2,959.18 ±1,115.63 µg/Kg for stations 1, 2, 3, 4, and 5 respectively. The 

overall mean for all samples at all stations for all the months was 1,954.76±474.48 µg/Kg. The 

temporal distribution of sedimentary PAHs follows the order: September > June > December > 

February. This order is parallel to that previously reported for total petroleum hydrocarbons 

(TPHs) in surface water and sediments of the same River [7, 10]. The concentrations of 

∑16PAHs for the raining season (June and September) ranged from 556.20 – 5,392.00 µg/Kg 

with a mean of 2,336.01 ±1,775.15 µg/Kg, while that for the dry season (December and 

February) was from 252.01 – 3,723.90 µg/Kg with a mean of 1,573.52 ±1,286.99 µg/Kg. The 

total PAHs levels for the raining season were in general, larger than that for the dry season. 

Temporal distribution of sedimentary PAHs is a function of many factors. The drainage 

pattern of the adjoining coast for instance tells how easily PAHs can be washed down into the 

river from land and road surfaces during the rains. 

 

 
 

Fig. 1. Concentrations (µg/Kg) of ∑16PAHs in sediments at different stations 

in different months. 
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Increased temperature, in the dry season affects volatilizations and degradation of PAHs. 

Higher temperatures are known to increase photochemical decomposition and biodegradation 

of hydrocarbons in the environment. Also, seasonal changes in river velocity (speed at which 

water moves through its channel) which itself is dependent on many factors such as shape and 

slope of the channel, and volumes of water flowing through, will affects the deposition and/or 

re-suspension of PAHs from the sediments. The resultants of these factors, tended to favour 

more the depositions of PAHs in sediments during the raining season in the studied area, hence 

higher values were recorded for the rains than dry season. Possible carriage of large amount of 

the PAHs into the water body (in the rainy season) in the form of runoff from the highways and 

drainages in the adjoining lands many of which serves as hosts to industrial processing units 

and farmlands where bush burning is commonly practice might have contributed to this 

increase. 

The range (252.10 – 5,392.00 µg/Kg) of total PAHs (∑16PAHs) obtained in this study is 

comparable: ND – 3,679.13 µg/Kg reported for the Ethiope River [31], the 15.5 – 9,770 µg/Kg 

in Cross River sediments [32], and the 481.95 – 2,562.55 µg/Kg of Aba River at Ogbor-Hill 

Region [5] all in Nigeria. Elsewhere around the globe, the values were within the range of: ND 

– 16,650 µg/Kg of the Diep River, South Africa [33], the 77 – 7,751 µg/Kg in the Guanabara 

Bay, Brazil [34], the ND – 49,180 µg/Kg in sediments of Bushehr Province, Iran [35], and the 

10.0 – 4.140 and 265.1 – 11,273 µg/Kg reported for the sediments of Danube and Sava Rivers 

respectively by Crnkovic et al [36]. The value range were however, much lower the1,670 – 

20,100 and  409.43 – 41,198 µg/Kg reported by Oyo-Ita et al  [37 – 38] for the sediments of the 

Calabar and Imo Rivers, Nigeria respectively. The 6,100 – 35,270 µg/Kg recorded for Iko River 

estuary mangrove system, Nigeria by Essien et al [39], and 23,461 – 89,886 µg/Kg observed 

by Howard et al [40] for River bed sediments of artisanal crude oil refining area in the Niger 

Delta, Nigeria, were also much higher than that reported in this study. Around the world, higher 

ranges of: 7,300 – 358,000 µg/Kg for the Boston Habor, USA [41], 5,736.2 – 69,362.8 µg/Kg 

in River Taihu Lake, China [42], 1,107 – 22,310 µg/Kg in the Buffalo River Estuary, South 

Africa [43], 167,400 – 530,300 µg/Kg in Kor River, Iran [44], have been reported.  The range 

of this study were on the hand, much higher the 5.3 – 678.6, 36.2 – 545.6, 434.8 – 872.1, and 

331.75 – 871.96 µg/Kg reported by Montuori et al [45 – 48] for the Sarno, Tiber, Volturno, and 

Sele Rivers in Italy.  

The values were also much higher than the 27 - 418 μg/Kg recorded for sediments of 

Estero de Urias, Estuary in Mexico [49], and the 97.2 - 204.8 μg/Kg reported for Yellow River 

Estuary, China [50]. The mean (1,954.76 μg/Kg) of this study was also higher than the 317 

μg/Kg and 768 μg/Kg recorded for the Gulf of Salerno and Naples [51], as well as the 65.22 

μg/Kg reported for sediment of the Nakdong River estuary, South Korea [52], and the 195 

μg/Kg recorded by Bastami et al [53] for sediment of Hormuz Striat, Persian Gulf. It was 

however; much lower the 4,587.70; 4,796; and 9,370 μg/Kg reported by Asabra et al [54], and 

Oyo-Ita et al [37, 38] respectively for the sediment of the Warri River at Ubeji, the River 

Calabar, and the Imo River, Nigeria respectively.  

The mean values of 11,711 μg/Kg and 7,035 μg/Kg reported for respective sediments of 

Mutshundudi and Nzhelele Rivers in Vhembe District of South Africa by Nekhavambe et al 

[55], and the 5,875.00 μg/Kg reported by Brewster et al [27] for the sediments core of lower 

Fox River, Wisconsin, US, as well as the 52,000 μg/Kg recorded for the Porto Atlantic Coast 

of Portugal [56] were also much higher than the mean of this study. 
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Table 1. Mean PAHs concentrations (µg/Kg) in the River Sediments 

 

Compound 
No of 

Rings 

Concentrations (µg/Kg) 

ST-1 ST-2 ST-3 ST-4 ST-5 Ave ERL ERM 

Nap 2 ND ND ND ND ND ND 160 2,100 

Acy 3 198.65* 11.51 73.43 380.48* 531.99* 239.21 44 6,400 

Acp 3 422.13* 23.02* 13.46* 55.95* 487.65* 224.68* 16 500 

Flr 3 186.23* 11.51 48.95* 44.76* 354.66* 129.22* 19 540 

Phe 3 198.65 23.02 36.72 44.76 498.74* 160.38 240 1,500 

Ant 3 37.25 115.11* 48.95 559..53* 44.33 161.04* 85.3 1,100 

Flt 4 12.42 23.02 61.19 872.87* 99.74 213.85 600 5,100 

Pyr 4 12.41 69.07 110.15 436.43 22.17 130.05 665 2,600 

Chr 4 ND ND ND ND ND ND 385 2,800 

BaA 4 ND ND ND ND ND ND 261 1,600 

BbF 5 12.41 57.56 24.48 167.86 44.33 61.33 NA NA 

BbK 5 12.42 11.51 269.25 380.48 376.82 210.10 NA NA 

BaP 5 12.41 92.09 232.54 537.15* 498.74* 247.58 430 1,600 

IcP 6 ND ND ND 470. 05 ND 94.00 NA NA 

DhA 5 ND 11.51 ND 55.95 ND 13.49 63.4 260 

BgP 6 ND 57.56 ND 156.67 ND 42.84 NA NA 

∑16PAHs  1,104.95 506.50 1,040.30 4,162.90* 2,959.20 1,954.78 4,022 44,792 

*:concentrations higher than the ERL; ND: not detectable; ERL: Effects Range Low; ERM: 

Effects Range Median; Nap: naphthalene; Acy: acenaphthylene; Acp: acenaphthene; Flr: 

fluorine; Phe: phenantrene; Ant: anthracene; Flt: fluoranthene; Pyr: pyrene; Chr: chrysene; 

BaA: benzo[a]anthracene; BbF: benzo[b]fluoranthene; BkF: benzo[k]fluoranthene; BaP: 

benzo[a]pyrene; IcP: indeno[1,2,3-cd]pyrene; DhA: dibenzo[a,h]anthracene; and BgP: 

benzo[g,h,i]perylene. 

 

 

3. 2. The mean compositions of PAHs in sediments 

The mean distributions of PAHs in the sediments at the various stations as shown in Table 

1. Individual PAH concentrations ranged from ND – 872.87 µg/Kg with a mean of 122.17 
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±94.52 µg/Kg. Benzo(a) pyrene (BaP), acenaphthylene (Acy), acenanphthene (Acp), 

fluoranthene (Flt), and benzo(k)fluoranthene (BbK), were the predominant PAHs in the 

sediments constituting about 59.3% of the total PAHs. The average concentrations of the 

predominant PAHs were: BaP (247.58 µg/Kg), Acy (239.21 µg/Kg), Acp (224.68 µg/Kg), Flt 

(213.84 µg/Kg), and BbK (210.10 µg/Kg) corresponding to 14.0, 12.2, 11.5, 10.9, and 10.7% 

respectively of the total PAHs (Fig. 2). Chrysene (Chr) and benzo(a)anthracene  (BaA) were 

below detection limits in all the stations. Indeno(1,2,3-cd)pyrene (IcP) was also not detected in 

the stations except station 4 (ST-4). Dibenz(a,h)anthracene (DhA) and benzo(g,h,i)perylene 

(BgP) were found presence only in ST-2 and ST-4 but were below detection limits in the other 

stations. Naphthalene (Nap) – a two ring PAH – was not detected in any of the stations perhaps 

because of it relative high volatile nature. The three-ring PAHs (Acy, Acp, Flr, Phe, and Ant) 

ranged from 184.18 – 1,917.38 µg/Kg with a mean of 914.53 µg/Kg. Four-ring PAHs (Flt, Pyr, 

Chr, and BaA) in the sediments had a mean of 343.90 µg/Kg with a range of 24.83 – 1,3609.30 

µg/Kg. A range of 37.25 – 1,141.44 µg/Kg with a mean of 559.51 µg/Kg was obtained for five-

ring PAHs (BbF, BbK, BaP, and DhA), while that for six-ring PAHs (IcP and BgP) ranged from 

ND – 62.67 µg/Kg with a mean of 13.68 µg/Kg.  

 

 
 

Fig. 2. Percentage proportions of the mean of individual PAH to the mean total PAHs 

(∑16PAHs) concentration in the sediments 
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stations 1 and 5 (ST-1 and ST-5) constituting 94.38 and 64.79% of the total PAHs respectively. 

The values in other stations were: ST-2 (36.36%), ST-3 (32.94%), and ST-4 (26.08%). The 

percentage proportions of four (4) rings PAHs were: 2.25, 18.18, 16.47, 31.45, and 4.12% in 

stations 1, 2, 3, 4, and 5 respectively. Five (5) and Six (6) ring PAHs percentage contributions 

were: ST-1 (3.37%), ST-2 (45.45%), ST-3 (50.59%), ST-4 (42.47%), and ST-5 (31.09%). 

 

 
 

Fig. 3. PAHs compositions in sediments showing percentage proportion of 2 and 3 rings, 4 

rings, and 5 and 6 rings PAHs at each station (ST). 

 

 

3. 3. Evaluation of PAHs’ eco-toxic potentials in the sediments 

The eco-toxic potentials risks of PAHs in the sediments were evaluated using sediment 

quality guidelines – Effect range low (ERL) and Effect range median (ERM) target values. 

PAHs concentrations in sediments lower than ERL and larger than the ERM values indicates 

the probability of adverse effects been less than 10% and higher than 50% respectively. Thus, 

concentrations below ERL suggest a minimal-effect range in which negative effects are rare; 

whereas, concentrations above the ERM typify a probable-effect range in which negative health 

effects are frequently observed. Concentrations between ERL and ERM connote the possible-

effects range in which adverse ecological effects would occasionally occur [11, 57]. Table 1 

shows the concentrations of PAHs in the sediments in comparison with ERL and ERM target 

values. The values for the individual PAH in all stations were below their ERM. All stations 

had Acp above ERL value; Flr level was also above ERL in all stations except ST-2. Ant was 

above ERL in ST-2 and ST-4. Stations 1, 4, and 5 had Acy concentrations above ERL, while 

Stations 4 and 5 also had BaP concentrations above ERL. Flt was only above ERL in ST-4.  
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The other individual PAH values were below their ERL. On the average, Acp, Flr, and 

Ant levels were observed to be higher than ERL but lower than ERM. Thus, these individual 

PAHs (Acp, Flr, & Ant) would occasionally yield negative environmental consequences in 

these stations. The overall mean total PAHs (1,954.76 µg/Kg) for all stations and the total PAHs 

(∑16PAHs) for each station except ST-4 were less than the 4,022 µg/Kg ERL target value. The 

∑16PAHs value for ST-4 (4,162.90 µg/Kg) was slightly higher than ERL. This implied that 

total PAHs levels in sediments would show only minimal-effects range that is, toxicity would 

be rarely experienced at the level of concentrations. However, sediment quality guideline given 

by Johnson et al [58] stipulated level of 1000 µg/Kg dw as benchmark to protect estuarine fish 

against several important health effects. The results of this study indicated all stations except 

ST-2 to have exceeded this guideline. Baumard et al [59] classified pollutant PAHs levels into: 

low (0 – 100 µg/Kg), moderate (100 – 1,000 µg/Kg), high (1,000 – 5,000 µg/Kg), and very high 

(>5,000 µg/Kg). The sedimentary PAHs levels of this study can thus, be characterized based 

on the above classification as having moderate to high level of PAHs pollution. 

The toxicities of the eight carcinogenic PAHs were also evaluated using the toxic 

equivalence factors (TEFs) and mutagenic equivalence factors (MEQs). Benzo(a)pyrene – one 

of the most studied carcinogenic PAH – was used as a reference marker for risks assessments 

[60-62]. The benzo(a)pyrene toxic equivance quotient (TEQs) and mutagenic equivalence 

quotient (MEQs) were calculated using equations 1 and 2. 

 

       ∑TEQ PAHs  =  ∑i TEFi    X   C PAHi                                                                        (1) 

 

       ∑MEQ PAHs  =  ∑i MEFi    X   C PAHi                                                                     (2) 

 

where, TEFi  (toxic equivalency factor), and MEQi (mutagenic equivalency factor) are the toxic 

and mutagenic factor of each carcinogenic PAH relative to BaP, and C PAHi represents the 

concentrations of individual carcinogenic PAH in the sediments. 

 

Table 2. TEQs and MEQs values for eight carcinogenic PAHs; values in brackets  

Represent MEQs. 

 

PAHs 
TEFs 

(MEFs) 

TEQs and MEQs (µg/Kg dw) 

ST-1 ST-2 ST-3 ST-4 ST-5 Ave 
% mean 

contribution 

BaA 
0.1 

(0.082) 

ND 

(ND) 

ND 

(ND) 

ND 

(ND) 

ND 

(ND) 

ND 

(ND) 

ND 

(ND) 

0 

(0) 

Chr 
0.01 

(0.017) 

ND 

(ND) 

ND 

(ND) 

ND 

(ND) 

ND 

(ND) 

ND 

(ND) 

ND 

(ND) 

0 

(0) 

BbF 
0.1 

(0.25) 

1.24 

(3.10) 

5.76 

(14.39) 

2.45 

(6.12) 

16.79 

(41.96) 

4.43 

(11.08) 

6.13 

(15.33) 

1.91 

(4.40) 

BbK 
0.1 

(0.11) 

1.24 

(1.37) 

1.15 

(1.27) 

26.92 

(29.62) 

38.05 

(41.85) 

37.68 

(41.45) 

21.01 

(23.11) 

6.56 

(6.64) 

BaP 
1 

(1) 

12.41 

(12.41) 

92.09 

(92.09) 

232.54 

(235.54) 

537.15 

(537.15) 

498.74 

(498.74) 

274.59 

(274.59) 

85.68 

(78.84) 
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DhA 
1 

(0.29) 

ND 

(ND) 

11.51 

(3.34) 

ND 

(ND) 

55.95 

(16.23) 

ND 

(ND) 

13.49 

(3.91) 

4.21 

(1.12) 

IcP 
0.01 

(0.19) 

ND 

(ND) 

ND 

(ND) 

ND 

(ND) 

4.70 

(89.31) 

ND 

(ND) 

0.94 

(17.86) 

0.29 

(5.13) 

BgP 
0.1 

(0.31) 

ND 

(ND) 

5.77 

(17.87) 

ND 

(ND) 

15.77 

(48.88) 

ND 

(ND) 

4.31 

(13.35) 

1.34 

(3.83) 

∑C8TEQs 

(∑C8MEQs) 
 14.98 

(16.88) 

116.27 

(128.96) 

261.91 

(268.28) 

668.40 

(775.38) 

540.86 

(551.27) 

320.47 

(348.15) 

100 

(100) 

∑C8TEQs and ∑C8MEQs: Toxic and mutagenic equivalent quotients for the eight carcinogenic 

PAHs; BaA: benzo[a]anthracene; Chr: chrysene; BbF: benzo[b]fluoranthene; BkF: 

benzo[k]fluoranthene; BaP: benzo[a]pyrene; DhA: dibenzo[a,h]anthracene; IcP: indeno[1,2,3-

cd]pyrene; and BgP: benzo[g,h,i]perylene. 

 

 

The values obtained for the eight carcinogenic PAHs (C8PAHs) are presented in Table 2. 

Total TEQs values (∑C8TEQs) for the stations ranged from 14.98 – 668.40 µg/Kg dw with a 

mean of 320.47 µg/Kg dry weight (dw); while the ∑C8MEQs had a mean of 348.15 µg/Kg dw 

with a range of 16.88 – 775.38 µg/Kg dw.  

Higher TEQs and MEQs values were largely due to high concentration of BaP, which 

constituted 85.65 and 78.84% of total TEQs and MEQs respectively. Other significant but much 

less contributors to TEQs were: BbK (6.56%), and DhA (4.21%); while that for MEQs were: 

BbK (6.64%), IcP (5.13%), and BbF (4.40%). The United State Environmental Protection 

Agency (US EPA) has recommended 137 µg/Kg dw  ∑TEQs value as clean-up level for a 

mixture of carcinogenic PAHs in sediments. In this study, only stations 1 and 2 meet this 

criterion as the other stations (ST-3, ST-4, and ST-5) had ∑TEQs values higher than 137 µg/Kg 

dw. The implication is that these other stations have likelihood of posing threat to the 

environment. The order of total TEQs levels in the stations which was: ST-4 > ST-5 >ST-3 > 

ST-2 > ST-1, was very different from that of total PAHs concentrations which was: ST-4 > ST-

5 > ST-1 > ST-3 > ST-2.  

This is a manifestation of the impacts of individual PAH on the overall toxicity of total 

PAHs mixtures at the stations. Organic carbon binds to PAHs making them less bio-available 

and reducing their negative impacts on organisms. Therefore, the need to factor in the organic 

carbon contents in the sediments while evaluating their toxicities is paramount.  Usually PAHs 

are normalized at 1% organic carbon sediment concentrations in order to account for the 

differences in bio-availabilities resulting from it.  

The organic carbon concentrations for the different stations viz: ST-1 (1.47%), ST-2 

(1.87%), ST-3 (2.17%), ST-4 (4.05%), and ST-5 (0.73%) were applied in the normalization of 

TEQs values at 1% organic carbon (OC). The values of normalized total TEQs for the different 

stations were: ST-1 (1,007.80 µg/Kg OC), ST-2 (6,204.65 µg/Kg OC), ST-3 (12,043.68 µg/Kg 

OC), ST-4 (16,509.48 µg/Kg OC), and ST-5 (73,633.62 µg/Kg OC). The order for the 

normalized ∑TEQs which was: ST-5 > ST-4 > ST-3 >ST-2 > ST-1, tended to show element of 

regularity (of increasing values downstream) which was very distinct from the ∑16PAHs and 

the un-normalized ∑TEQs.  

This demonstrates the impacts of organic carbon contents on bio-availabilities and 

toxicities of PAHs. PAHs toxic potentials are highly reduced by the presence of organic carbon 

in the sediments. 
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3. 4. PAHs source fingerprinting  

 

Table 3. Diagnostic Ratios and source apportionment of PAHs in Sediments 

 

 

Indications: p = petrogenic; r = pyrogenic; c = petroleum combustion. 

 

 

Data from this study (Table 3) indicated mixed sources of PAHs inputs in the sediments. 

The results revealed that ∑LMW/∑HMW ratios were above one (>1) in stations 1 and 5, but 

were below unity (<1) in the other three stations. This implied that stations 2, 3, and 4, were 

from pyrogenic source; while ST-1 and ST-5 were petrogenic in origin.  

 

 
 

Fig. 4. PAHs cross plot for the ratios of Ant/(Ant+Phe) versus Flt/(Flt+Pyr). 
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Petrogenic contamination is identified by the dominance of low-molecular weight PAHs 

(PAHs with two and three aromatic rings); while the prevalence of high molecular weight PAHs 

(Four, five and six rings PAHs) are evidence of pyrolytic inputs [21, 22, 63-68].  

The Ant/(Ant+Phe) ratios for the different Stations were: ST-1 (0.16), ST-2 (0.83), ST-3 

(0.57), ST-4 (0.93), and ST-5 (0.08). 

The values for stations 2, 3, and 4, further confirmed that they are pyrogenic in origin. 

Whereas, the ratio of ST-5 which was much lower than 0.1, and that at ST-1 which only slightly 

higher than 0.1, tended to suggest that the source of PAHs in these stations is largely due to 

petrogenic contribution. The Ant/(Ant+Phe) ratio is useful in the differentiation of petrogenic 

source from pyrolytic one. Values of these ratios greater than 0.1 indicate pyrogenic source, 

whereas those less than 0.1 implicate petrogenic inputs. [21, 53, 69-71]. The Flt/(Flt+Pyr) ratio 

also enables us to differentiate PAHs of petroleum origins from those of combustion processes. 

Low ratios (<0.40) suggest petroleum inputs, intermediate ratios (0.40 – 0.50) connote liquid 

fossil fuel combustion, and ratios >0.50 signify the combustion of grass, wood, and coal [21, 

53, 72 - 73]. In this study, ST-2 and ST-3 had values of this ratio less than 0.4 suggesting inputs 

from petroleum origins. ST-1 had intermediate value of 0.50 portraying inputs from 

combustions of liquid fuel, whereas, ST-4 and ST-5 had values higher than 0.50 indicating that 

the PAHs inputs were from pyrolytic processes. Boundary cross plot of Ant/(Ant+Phe) versus 

Flt/(Flt+Pyr) (Fig.4) clearly shows inputs were from both petrogenic and pyrolytic s origins, 

confirming the mixed source of PAHs in these sediments. 

 

 

4.  CONCLUSIONS 

 

In this study, the concentrations levels, eco-toxic impacts, and source identity of the 16 

priority PAHs were determined. The concentrations of most PAHs in the sediments were below 

the Effect-Range Low (ERL) values indicating that toxic ecological effects would be rarely 

observed. However, acenanphthene (Acp), was particularly higher than the ERL in all stations; 

same was true for fluorene (Flr) except in ST-2. Others like acenaphthylene (Acy), anthracene 

(Ant), benzo(a)pyrene (BaP), and fluoranthene (Flt) were only above the ERL in some stations. 

None of these values were however close to the Effect –Range Median (ERM) targets signifying 

that they may only exhibit toxic ecological effects occasionally. Total PAHs (∑16PAHs) 

concentrations ranged from 252.10 – 5,392.00 µg/Kg.  

The total toxic equivalent quotients (∑C8TEQs) for the eight carcinogen PAHs ranged 

from 14.98 – 668.40 µg/Kg dw with a mean of 320.47 µg/Kg dw; while the mutagenic 

equivalent quotients (∑C8MEQs) were from 16.88 – 775.38 µg/Kg dw with a mean of 348.15 

µg/Kg dw. There were indications that some stations would exhibit toxic ecological effects 

based on these values. The major contributor to the sediments toxicity was benzo(a)pyrene 

(BaP) which constituted 85.65 and 78.48% of the total TEQs and MEQs values respectively. 

Other significant but much less contributors to TEQs were: BbK (6.56%), and DhA (4.21%); 

while that for MEQs were: BbK (6.64%), IcP (5.13%), and BbF (4.40%).  

The order of total PAHs concentrations in the sediments was: ST-4 > ST-5 > ST-1 > ST-

3 > ST-2, while that for total TEQs was: ST-4 > ST-5 > ST-3 > ST-2 > ST-1, but after 

normalization at 1% organic carbon the order became: ST-5 > ST-4 > ST-3 > ST-2 > ST-1. 

PAHs source apportionment with diagnostic ratios and boundary cross plot revealed that PAHs 

source were of mixed origin – pyrogenic (biomass, coal and petroleum combustions) and 
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petrogenic (unburned petroleum), with the pyrogenic contribution been more abundant. The 

levels of PAHs in these sediments and their possible accumulations require regular monitoring 

to prevent negative effects on aquatic ecosystem, organisms, and humans. 
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