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Abstract

This study was carried out to investigate seasonal variations of polycyclic aromatic hydrocarbon (PAHs) in sediments of Ala
River, South-west, Nigeria. The total amount of PAHs (ZPAHs) concentration ranged from 1.70 - 5.73 pg.g” dry weights
during the wet season and from 2.93 - 6.05 pg.g” dry weights during the dry season. The total concentrations of PAHs were
higher in most of the sites during the dry season and 70% and 30% during the wet season. The result showed that the
contaminants in Ala River were mainly a mixture of pyrogenic, petrogenic and few sources from vehicular emission using
PAH diagnostic ratio. The ZPAHs are between effect range low (ERL) and effect range median (ERM) but did not exceed
ERM in all samples both in wet and dry season. The results of the present study showed ZPAHs were below 1 pg.g”dw at all
sampling locations. The principal component analysis was used to determine the origin of the PAHs. Analysis of Principal
Component Analysis (PCA) indicated that the PAH variables could be reduced to six components, which accounted for
73.14% of the total variance for the data. The cluster analysis confirmed four major clusters arrangement of PAH concentration
and this confirmed that Ala River contaminants were both from petrogenic and pyrolytic sources.
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1. Introduction

PAHs are important environmental pollutants because many
of them are known or suspected carcinogens [1]. Among a
long list of various contaminants, PAHs constitute a major
environmental concern on aquatic ecosystems because of
their adverse health effects including
endocrine disrupting activity [2].

on organisms,

In environmental studies, the extent of PAH contamination as
a group is often quantified by the concentrations of sixteen
(16) of the representative PAH species, which are included in
the list of priority pollutants as defined by USEPA [3]. They
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are: naphthalene, acenaphthylene, acenaphthene, fluorene,

phenanthrene, anthracene, pyrene, fluoranthene,
benzo[a]anthracene, chrysene, benzo[b]fluoranthene,
benzo[k]fluoranthene, benzo[a]pyrene,

dibenzo[a,h]anthracene,
cd]pyreneandbenzo[ghi]perylene.

indeno[1,2,3-

PAHs’ solubility in water decreases, while correspondingly
their boiling and melting point increases, with increasing
molecular weight [4]. They are lipophilic compounds with
very low water solubility and therefore, their concentration in
water is very low [5]. As a consequence of their hydrophobic
nature, PAHs in aquatic environments rapidly transform and
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associated with the particulate matter ending in
sedimentation. Therefore, sediments represent an important

reservoir of PAHs in the aquatic environment [6].

The presence of PAHs in river, estuaries, surface water,
oceans, and streams call for concern because of their
attendant hazardous effects. Hence, there is the need for
examining the level of PAHs in Ala river being a major river
that transverse across Akure metropolis and serves various
purposes ranging from domestic to industrial.

The importance of Ala River to Akure populace cannot be
taken with levity; because of their various adverse effects
such as carcinogenetic ability, it is, therefore, necessary to
ascertain the level of PAHs in the river and assess the impact
on the environment, for the safety of human, aquatic
organisms and agricultural products.

The objectives of the research are to identify the polycyclic
aromatic hydrocarbons in the sediments, to assess the source
andthe degree of this pollutant on the sediments and evaluate
the seasonal variations in the concentration ofthe pollutants.

2. Materials and Methods
2.1. Sampling

Seventy sediment samples were collected from Ala River in
Akure metropolis (Figure 1). Surface sediments (0-10 cm)
were taken from tendifferent geo-referenced sites from the
river bed using stainless steel hand trowel (Table 1). The
samples were allowed to drain before they were separated
into labelled amber bottles before transfer in the cool
container to the laboratory.
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Figure 1. Map showing the sampling locations.
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Table 1. Sampling sites and their coordinates.

Site No Location Latitude Longitude

1 Aule 07°16.45'N 005°09.99'E
2 Ayedun 07°15.82'N 005°11.48'E
3 Araromi 07°15.67'N 005°11.67'E
4 Oke-Jjebu (near Coca-cola deport) 07°15.75'N 005°12.31'E
5 Oke- [jebu (near 3-Ages Hotel) 07°16.44'N 005°12.44'E
6 Fiwasaye 07°15.33'N 005°13.23'E
7 Alagbaka 07°15.43'N 005°12.67'E
8 Odudu 07°19.16'N 005°14.31'E
9 Kajola- Ilado 07°11.60'N 005°17.58'E
10 Ehin- Ala 07°11.51'N 005°18.53'E

2.2, Sample Preparation

The sediment samples were air dried in the laboratory for two
weeks and then sieved using 2 mm mesh to remove debris
and coarsematerialsand then lightly ground in an agate
mortar for homogenization before PAHs analysis.

2.3. Reagents and Standards

All chemicals used, such as dichloromethane (DCM) and
hexane were of analytical grade A. Hexane, DCM was
purchased from Kanto Chemical Co, Japan. The mixture of an
internal standard for the PAHs was purchased from Accu
Standard Inc, Japan. The glass bottles for PAH samples were
washed, put in the oven and later rinsed with extracting
solvent.

2.4. Extraction of PAHs

Among the many methods of extracting PAHs from sediment,
sonication method was applied for the extraction [7]. A 2 g of
the air-dried sediment was homogenized with an anhydrous
sodium sulphate and spiked with deuterated surrogate standards
(NAP dg, ACEd,, PHE d,o, CHY d;o, FLU d,0). A mixture (30
cnr’) of dichloromethane (DCM) and hexane in ratio 1:1 (v/v)
was added as extracting solvents in a conical flask. The conical
flask was covered and placed in a sonicating machine for 1 h in
two cycles. The extracts were filtered with Whatman No. 42
filter paper and concentrated using rotary evaporator.

2.5. Clean up

The clean-up for PAHs was to remove impurities such as
aliphatic  hydrocarbons, biogenic materials and other
contaminants that may serve as interference during analysis with
GC-MS. The Silica Bond Elute cartridges were pre-conditioned
with hexane before passing the extracts through it for clean-up.

The extract was eluted with a mixture of hexane and DCM (9:1).
Concentration was done under nitrogen to 2 cm’ of extracts.

2.6. GC-MS Instrumentation and Conditions

An Agilent 7890A GC (Agilent Technologies, Santa Clara,
CA, USA), equipped with an Agilent 7683A Injector
(Agilent Technologies, Santa Clara, CA, USA), a 30 m, 0.25
mm i.d. HP-5MS capillary column (Hewlett-Packard, Palo
Alto, CA, USA) coated with 5% phenyl-methylsiloxane (film
thickness 0.25 pm) and an Agilent 5975C mass selective
detector (MSD), was used to separate and quantify the PAH
compounds. The samples were injected in the splitless mode
at an injection temperature of 300°C. The transfer line and
ion source temperatures were 280°C and 200°C respectively.
The column temperature was initially held at 40°C for 1 min,
raised to 120°C at the rate of 25°C/min, then to 160°C at the
rate of 10°C/min, and finally to 300°C at the rate of 5°C/min,
held at final temperature for 15 min. Detector temperature
was kept at 280°C. Helium was used as a carrier gas at a
constant flow rate of 1 mL/min. Mass spectrometry was
acquired using the electron ionization (EI) and selective ion
monitoring (SIM) modes. The ion mass program used for
quantification is detailed in Table 2.

2.7. Identification and Quantification

The identity of PAHs in the samples was confirmed by the
retention time and abundance of quantification/confirmation
ions in the authentic PAHs standards. Sixteen priority PAHs
were quantified using the response factors related to the
respective internal standards based on five-point calibration
curve for individual compounds. In this study, the concentrations
of PAHs were corrected for the surrogate standard recoveries,
and are expressed on a dry-weight (dw) basis.

Table 2. GC-MS conditions under time scheduled selected ion monitoring.

PAH Compound No of rings Molecular Weight Retention time (min) Qualify ion

Naphthalene-d8 2 136 2.85 128, 137, 134
Naphthalene [Nap] 2 128 2.86 136, 129, 127
Acenaphthylene [Acy] 3 152 3.96 151, 150, 153
Acenaphthene [Ace] 3 154 4.14 153, 152, 151
Fluorene [F1] 3 166 4.72 165, 167, 163
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PAH Compound No of rings Molecular Weight Retention time (min) Qualify ion

Phenanthrened,o 3 188 6.20 187, 189, 184
Phenanthrene [Phen] 3 178 6.25 176, 179, 177
Anthracene [Ant] 3 178 6.33 176,179,177
Fluoranthened,o 4 212 8.92 208, 213, 211
Fluoranthene [Flu] 4 202 8.97 200, 203, 201
Pyrene [Py] 4 202 9.56 200, 203, 201
Benzo[a]anthracene [BaA] 4 228 14.93 226, 229, 224
Chrysened;, 4 240 15.03 236, 241, 238
Chrysene [Chy] 4 228 15.18 226,229, 227
Benzo[b]fluoranthene [BbF] 5 252 18.97 250,253,251
Benzo[k]fluoranthene [BkF] 5 252 19.03 250, 253,251
Benzo[e]pyrene [BeP] 5 252 19.77 250, 253, 251
Benzo[a]pyrene [BaP] 5 252 19.93 250, 253, 251
Indeno[1,2,3-c,d]pyrene [IncdP] 6 276 25.0 277,274, 275
Dibenz[a,h]anthracene [DahA] 5 278 25.05 276,274,279
Benzo[g,h,i]perylene [BghiP] 6 276 25.17 271,274,275

Source:[8].

3. Results and Discussion

3.1. Polycyclic Aromatics Hydrocarbon
Levels in Ala River Sediments

The concentrations distributions of PAHs in Ala River
sediment are shown in Tables 3 and 4 for the dry and wet
season respectively. The total PAHs concentration (3 PAHs)
during the wet season varied from 1.70 - 5.73 ug.g'1 dry
weight with the mean value of 3.62 pg.g” and varied from
2.90 — 6.05 pg.g" dry weight in the dry season with the mean
value of 3.70 pg.g”.

During the dry season, it was observed that among the lower
molecular weight PAHs (Nap, Acy, Ace, Fl, Phen, and Ant)
the distribution of naphthalene across the sites was found to
be in the increasing order of site 7 > site 2 > site 4 > site 3 >
site 6 >site 9 > site 1 > site 10 > site 5 > site 8. The highest
abundance which is site 7 has a value of 0.64 pg.g” followed
by site 2 with a value of 0.63 pg.g' and the lowest
concentration was found in site 8 with a value of 0.16 pg.g™.

In the distribution pattern of the lower molecular, it was
noted that among all the sites, the lower molecular PAHs was
found to have a higher abundanceon site 2 than most of the

sites. The distribution of the higher molecular weight was
found not following a definite pattern. It was observed that
fluoranthene, pyrene, and chrysene have their highest
concentration in site 3 and lowest concentration value in site
2, site 10 and site 4 respectively.

During the wet acenaphthylene,
acenaphthylene, and anthracene have their various minimum
concentrations in site 10 while the highest concentration of
acenaphthylene and anthracene was found in site 2. The

highest concentration of naphthalene and acenaphthylene was

season, naphthalene,

found in site 5 and site 6 respectively. Investigation of the
higher molecular PAHs shows that fluoranthene and pyrene
show similar trend having their maximum concentration in
site 3 and followed by site 6 and their lowest concentration in
site 10.

The values obtained from this work were lower compared
with the work done by [9] in coastal sediment from the
Ngoua River (Douala, Cameroon) with ranging from 140.42
to 229.47 pg.g” dry weights during the wet season, and from
48.89 to 333.49 ug.g'1 dry weight during the dry season. The
total PAHs obtained from this research was lower (nd — 102
ng g') compared with work of [10] on sediment in U.K.
environment.

Table 3. PAHs (ugg™) of sediment in Ala River during the wet season.

Sites NAP ACY ACE FL PHEN ANT FLU PY BaA
1 0.64*£0.02 0.24"+0.01 0.2040.00  0.39*+0.01  0.39*+0.01  0.22°:0.01  0.24%0.02  0.23%+0.06  0.27°:0.01
2 0.63%+0.02 0.25%+0.01 0.3840.02  0.31°£0.02  0.20e£0.00  0.34a+0.02  0.34+0.06  0.63°+0.06  0.25°:0.01
3 0.51°+0.01 0.23%9+0.02 0.14%£0.01  0.23%0.06  0.0240.01  0.12°40.01  0.61*£0.02  0.83%£0.05  0.21°:0.00
4 0.38°£0.02 0.1240.01 0.30b+£0.00  0.02e£0.01  0.02°:0.00  0.0620.01  0.25%t0.05  0.26%“+0.05  0.41%:0.01
5 0.67°+0.02 0.19°+0.01 0.2040.00  0.22°+0.02  0.23*40.01  0.24%0.01  023%0.06  0.2740.06  0.33°+:0.01
6 0.36%40.03 0.26*£0.00 0.30°:0.00  0.33°£0.06  0.30b+0.00  0.20c+0.01  0.60*£0.00  0.70°+0.00  0.132+0.01
7 0.13%£0.01 0.22%+0.01 0.15d+0.01  0.07d+0.01  0.07°:0.01  0.33a+0.01  0.24%t0.01  0.67°+0.12  0.03*+0.01
8 0.06%+0.01 0.22°44£0.02 0.040.00  0.03%+0.02  0.24°:0.01  0.15%0.01  0.50°:0.00  0.20%+0.00  0.26°+0.01
9 0.33%+0.06 0.08%:0.01 0.03°£0.00  0.42*+0.02  0.14%+0.01  0.01££0.00  0.60+0.00  0.17°:0.01  0.03*+0.01
10 0.03+0.01 0.03%+£0.01 0.03%£0.00  0.08%£0.00  0.08%:0.00  0.022:0.12  0.21°:0.01  0.04°:0.00  0.14°:0.01
ERL 0.16 0.044 0.016 0.019 0.24 0.085 0.600 0.665 0.261

ERM 2.10 0.640 0.500 0.540 1.50 1.100 2.600 2.600 1.600
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Table 3. Continued.

Sites CHY BbF BKF BeP BaP DahA BghiP IncdP T PAHs
1 0.18%0.01 0.05+0.01 0.03%0.00 0.23%0.01 0.12%£0.01 0.02%:0.00 0.03%0.01 0.02°+0.01 3.54+0.21
2 0.45°+£0.01 0.26%£0.01 0.15%+0.01 0.08°£0.00 0.52°+£0.00 0.20££0.01 0.42°4+0.01 0.03%£0.02 5.73+0.29
3 0.22%£0.02 0.05+0.02 0.12e+0.01 0.02h+0.01 0.05%:0.01 0.20h+£0.00  0.15b+0.01 0.02°£0.00 3.81+0.26
4 0.3240.01 0.30°:0.00 0.05a+0.0 0.00%£0.00 0.51°+£0.01 0.10a£0.00  0.43%+0.02 0.36:0.01 3.5440.21
5 0.41%+0.02 0.52%+0.02 0.05%£0.01 0.08%£0.01 0.13¢+0.01 0.10°+0.00 0.07b+0.01 0.10%:0.00 4.02+0.09
6 0.45°+£0.01 0.50+0.01  0.17°+0.00 0.30%£0.00 0.11°+0.01 0.00°+0.00 0.06¢+0.01 0.32b+0.01  4.74+0.16
7 0.022£0.01 0.50°:0.00 0.00°:0.00 0.16+0.01 0.28%+0.01  0.30%£0.00 0.15¢+0.01 0.19%:0.01 3.46+0.25
8 0.12+0.01 0.1240.01 0.00°:0.00 0.06%:0.00 0.10%£0.00 0.04%:0.01 0.18%0.01 0.11%£0.00 2.7240.14
9 0.032£0.01 0.30°:0.00 0.00°:0.00 0.03%:0.01 0.17+0.01 0.30g+0.00  0.04%:0.01 0.01e+0.00  2.96+0.16
10 0.06%£0.06 0.30a£0.00  0.00%£0.00 0.04°£0.01 0.38+0.01 0.20°+0.00 0.04£0.01 0.01e+0.01 1.70+0.24
ERL 0.384 = s N/a 0.430 0.063 = =

ERM 2.800 = = N/a 1.6 0.260 = =

NAP=Naphthalene; ACY=Acenaphthylen; ACE=Acenaphthen; FL=Fluorene; PHEN= Phenanthrene; ANT=Anthracene; FLU= Fluoranthene,PHY = Pyrene,
BaA = Benzo [a] anthracene, CHY = Chrysene, BbF = Benzo[b]fluoranthene, BKF = Benzo[k]fluoranthene, BeP = Benzo[e]pyrene, BaP = Benzo[a]pyrene,
DahA = Dibenz[a,h]anthracene,BghiP =Benzo[g,h,i]perylene, IncdP = Indeno(1,2,3,-cd)pyrene. Data are presented as Mean + SD (n=3). Values with the same
superscriptletter (a,b,c,d,e,f,g) down the column are not significantly different (p > 0.05).

Table 4. PAHs (ugg-1) of sediment in Ala River during the dry season.

Sites NAP ACY ACE FL PHEN ANT FLU PY BaA
1 052°40.02  0.33%+0.01 0.034+0.00  0.02°£0.00 0.45%0.02 0.15°+0.01 0.35%0.01 0.87%+0.06 0.15°+0.01
2 0.63*£0.03  0.35a+0.02 0.70:0.01  0.20b+0.00  0.84%0.00 0.20°:0.00 0.212£0.01 0.24°£0.02 0.30°:0.00
3 0.55°£0.01  0.10°:0.00 0.13%+0.01  0.20°£0.00 0.46°+0.01  0.23"™+0.01  0.57°+0.06 0.90%£0.01 0.23%:0.01
4 0.63+0.03  0.04%+0.01 0.40°+£0.00  0.20°£0.00 0.30%0.01 0.04d+0.01 0.26%+0.02 0.20%0.00 0.15%0.01
5 0.36°40.01  0.08+0.01 0.31%40.01  0.10%0.00 0.41°+0.01 0.20°%+0..00  0.40%0.00 0.49°+0.01 0.16%+0.00
6 0.55°£0.01  0.03+0.01 0.14°£0.00  0.13%£0.01 0.47%40.01 0.15%:0.01 0.21%£0.02 0.40%+0.00 0.17°£0.01
7 0.64°£0.01  0.03+0.01 0.04°+0.01  0.20°£0.00 0.52°£0.00 0.12¢+0.00.  0.45°+0.01 0.41%40.01 0.072£0.01
8 0.64+0.01  0.08+0.00 0.15°£0.01  0.17°+0.01 0.51°£0.00 0.23"+0.06  0.31°0.01 0.50°:0.01 0.2240.01
9 0.16%+0.02  0.06“+0.01 0.38°+0.01  0.04°+0.01 0.04%+0.01 0.05%0.01 0.248+0.00 0.20%0.00 0.3240.01
10 0.51°£0.14  0.63°£0.12 0.1020.00  0.21°+£0.00 0.04%£0.00 0.25*+0.01 0.21%£0.02 0.022£0.01 0.13%+0.01
ERL 0.16 0.044 0.016 0.019 0.24 0.085 0.600 0.665 0.261
ERM 2.10 0.640 0.500 0.540 1.50 1.100 2.600 2.600 1.600
Table 4. Continued.
Sites CHY BbF BkF BeP BaP DahA BghiP IncdP =T PAHs
1 0.10°:0.00 0.0240.00  0.03°+0.00 0.23%0.0 0.12%40.01 0.02°£0.00 0.03+0.00 0.06+0.01 366+0.18
2 0.32%:0.00 0.37°40.01  0.15+0.01 0.08°+0.00 0.50%+0.00 0.20°+0.01 0.42°+0.01 0.32a+£0.02  6.05+0.16
3 0.41%+0.00 0.21°£0.01  0.12¢+0.01 0.02g+0.01 0.05%:0.01 0.20°+0.00 0.15%0.01 0.10%:0.00 4.63+0.17
4 0.03%:0.01 0.04°£0.01  0.05%£0.00 0.00°+0.00 0.05a+0.01  0.10°+0.00 0.43%£0.02 0.01g+0.01  2.93+0.95
5 0.20°:0.00 0.08+0.01  0.05%0.01 0.08%£0.01 0.13%:0.01 0.10°+0.00 0.07¢+0.01 0.08¢+0.00  3.30+0.12
6 0.03"+0.01 0.01%40.00  0.00%0.00 0.30%:0.00 0.11°%0.01 0.00%0.00 0.06%£0.01 0.14%0.01 2.90+0.13
7 0.14%£0.01 0.31°%£0.01  0.00%0.00 0.16%£0.01 0.28°+0.01 0.30a£0.00  0.15d+001 0.14¢40.01 4.01+0.12
8 0.10°:0.00 0.03°+0.00  0.20°+0.01 0.06+0.01 0.10+0.00 0.04d+0.01  0.18%+0.01 0.20b+£0.00  3.24+0.16
9 0.06+0.01 0.04°£0.01  0.00%£0.00 0.038+0.01 0.17%£0.02 0.30%£0.00 0.04££0.01 0.196+0.00  3.24+0.16
10 0.20°:0.00 0.03°+0.01  0.00%0.00 0.43%£0.01 0.38°+£0.01 0.20°:0.00 0.36b+0.01 0.028:0.01 3.21+0.34
ERL 0.384 = = N/a 0.430 0.063 = =
ERM 2.800 s = N/a 1.6 0.260 s s

NAP=Naphthalene; ACY=Acenaphthylen; ACE=Acenaphthen; FL=Fluorene; PHEN= Phenanthrene; ANT=Anthracene; FLU= Fluoranthene, PHY = Pyrene,
BaA = Benzo [a] anthracene, CHY = Chrysene, BbF = Benzo[b]fluoranthene, BKF = Benzo[k]fluoranthene, BeP = Benzo[e]pyrene, BaP = Benzo[a]pyrene,
DahA = Dibenz[a,h]anthracene, BghiP =Benzo[g,h,i]perylene, IncdP = Indeno(1,2,3,-cd)pyrene. Data are presented as Mean + SD (n=3). Values with the same
superscript letter (a,b,c,d,e,f,g) down the column are not significantly different (p > 0.05).

The high concentrations recorded at these locations might be
attributed to the intense exploration activities undergoing
with occasional oil pipeline leakages in the area.

The result was in agreement with work done by [11] on
sediment in Thailand who obtained PAHs concentration
ranging from 6.00 - 8400 ngg” (0.006 to 8.400pg.g™"). This
value 112 -34400pg Kg™' (0.112 — 34.400pg.g™") was obtained

from a work on PAHs concentration of sediment in Limpopo
Province, South Africa, [12] which agreed with the result
from this study. The research on Barigui River in Curitiba,
South Brazil and obtained total PAHs (3, 16PAHs) 1766 —
14,924 ngg' 1.766 — 14.924pg.g") [13] which have the
similar result of with this present research. The values
obtained were also similar to the values (2.13 — 16.72 mg/kg)
obtained by [14] on the Bonny River in Nigeria.
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The results obtained were higher than [15] reported on PAHs
concentration in sediment and soil at Ibadan which ranged
between 1.68 and 919 pgkg” (0.00168 — 0.919 ug g™). This
result was also higher compared to the result of the work of
[16] who reported PAHs concentration of 615.29ng g and
422.15ng g" (0.615 and 0.422ug g™ in Afa sediments.

The PAHs distribution was mostly dominated by high
molecular weight PAHs (4-, 5- and 6-rings) such as
Fluoranthene, pyrene, Benzo[a]anthracene, Chrysene,
Benzo[a]pyrene, Indeno[1,2,3-cd]pyrene,
Benzo[ghi]perylene with the high concentration for Pyrene
(0.91 ugg™) during the dry season.

3.2. Seasonal Variation of PAHs in Ala River
Sediment

The seasonal variation of PAHs does not follow a particular
pattern. The variation shows that among the lower molecular
PAHs; Nap, Acy, Ace, and Phen show higher concentration
in the dry season than in the wet season (Table 5) while Ant
shows higher concentration during the wet season than the
dry season. FI has a slightly higher concentration in the wet
seeason than in dry season but shows significantly
indifference. There were also correlations at p<0.5 between
NAP/PHEN (0.501); ACE/BaP (.521); BaA /BKF (0.600);
BaP /BghiP (0.637) and DahP /IncdP (0.550). This implies
that these parameters might be of this origin.

Table 5. Statistical Analysis of PAHs Concentration in the Sediment of Ala River both Season.

Parameter No Range Grand Mean SD CvV Significance
NAP 60 0.02—0.68 0.44 0.20 45.5 0.070*
ACY 60 0.02-0.37 0.15 0.10 66.7 0.130*
ACE 60 0.03-0.71 0.22 0.16 72.7 0.420
FL 60 0.01-0.43 0.21 0.12 57.1 0.780
PHEN 60 0.02—-0.80 0.28 0.21 75.0 0.000*
ANT 60 0.02—-0.35 0.17 0.10 71.4 0.537
FLU 60 0.20-0.63 0.35 0.15 429 0.117
PHY 60 0.02-0.91 0.43 0.26 60.5 0.868
BaA 60 0.03 -0.42 0.20 0.10 50.0 0.501
CHY 60 0.02-0.70 0.22 0.17 77.3 0.005*
BbF 60 0.01-0.54 0.22 0.17 77.3 0.001*
BkF 60 0.00-0.50 0.08 0.05 62.5 0.145
BeP 60 0.00-0.61 0.22 0.16 72.8 0.000*
BaP 60 0.00-0.52 0.26 0.15 57.7 0.330
DahP 60 0.00—-0.31 0.15 0.10 66.7 0.757
BghiP 60 0.01-0.44 0.19 0.15 78.9 0.906
IncdP 60 0.01-0.38 0.12 0.11 91.7 0.778

* = parameter thatexhibit seasonal significantly at p < 0.05

3.3. Isomeric Ratios of PAHs for Both
Seasons

Assessments of PAHs distributions and diagnostic ratios have
beenwidely used forapportioning their sources in
environmental samples. There are specific patterns and
signatures for different PAH sources, which can be used to
identify the sources [17]. PAHs were grouped into two subsets
on the basis of their stability according to [18]. The first is
composed of less stable PAHs formed during combustion
processes; the second includes more thermodynamically stable
compounds. Considering the isomers formed by adifferent
process, the relative ratio of a given molecular mass can be
used to identify the possible source of PAHs [19].

Several molecular ratios of selected PAH compounds, such as
the abundance ratio of 2-3-ring hydrocarbons to 4-6-ring
hydrocarbons (LMW/HMW), Phen/Ant, F1/Pyr, FI/(F1 + Pyr),
InP/

(InP + BgP), ANT/(ANT + PHY), FLA/(FLA + PHY) and

BaA/(BaA + CHY) have beendeveloped toaid in the
interpretation of PAH compositions andin their possible
[20]. Flu/Flu + Pyr ratio < 0.50 indicates
petrolemission, > 0.50 indicates diesel [21]. A
SIMW/EHMW < 1 indicate pyrogenic, > 1 indicate
petrogenic  [22]. ANT/(ANT+PHY) < 0.1 indicate
petrogenic, > pyrogenic [23]. FLU/ (FLU + PHY) <0.4; 0.4 -
0.5 indicate petrogenic, fossil fuelcombustion and grass,
wood, coal combustion [24]. BaA/(BaA + CHY) 0.2 to 0.35
indicate coal combustion; > 0.35 indicate vehicularemissions
[25]. BaA/(BaA + CHY <0.2 indicate Petrogenic and > 0.35
indicate combustion [18].

In this study, the HMW is more than the LMW, which
suggests pyrogenic origin. The ratio of LMW/HMW is <1,
indicating a pyrogenic source. This result was in agreement
with work done by [26] who found out LMW/HMW is <I,
suggesting apyrogenic source.

Usually, PHEN/ANTH ratios, lower than 10 are seen in the

sources
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characteristics of combustion processes, whereas values
higher than 10 in petroleum input or diagenetic. The result
obtained from this research was less than 10 indicating
combustion. The PAHs obtained for BaA/(BaA + CHY),
ranges from 0.33— 0.85 and 0.22 — 0.70 for dry and wet
seasons respectively (Table 6). The mean value for seasons
was 0.52. The mean values of BaA/(BaA + CHY) > 0.35 in
both seasons indicating combustion source, which means
liquid fuel that, originates from thevehicle and crude oil
combustion.

Similarly, the fluoranthene/pyrene ratio (FLU/PYR) is often
used to distinguish between pyrolytic and petrogenic sources
[15]. For the FLU/PYR ratios, values greater than 1 are
attributed to pyrolytic origin while values less than 1 are
related to thepetrogenic source [20]. It can be seen that there
was an influence of both petrogenic and pyrogenic on surface
sediment PAHs in both seasons. The mean values
ofFLU/PHY < 1 duringthedry season (60%) indicate
petrogenic source while 40% pyrogenic. The FLU/PHY > 1
(40%) during wet season confirmthepyrogenic source.

The values of FLU/(FLU + PHY) in both seasons range from
0.37 to 0.77 and 0.33 to 0.91 both wet and dry seasons
respectively (Table 6). The values of FLU/(FLU+ PHY) >
0.5 during the dry season confirmed diesel emission while
FLU/(FLU+ PHY) during the wet season suggested both
petrogenic and combustion sources. The values of ANT/
(ANT+PHEN)> 0.1 in both seasons in all the sites which
indicates the dominance of combustion. This result shows
that the contaminants in Ala River were mainly a mixture of
pyrogenic, petrogenic and few sources from vehicular
emission, grass, wood, and combustion. The work also agrees
with that of [27], that confirmed that the source of PAHs in

sediment in Niger Delta, Nigeria were from both pyrolytic
and petrogenic sources. The research result from work done
on PAHs in Limpopo River in South Africa were also from
mixed sources of pyrogenic and pyrolytic [13]. This is in line
with car washing and other commercial activities in the
vicinity of the site. There were a Mechanic village and lot
petrol stations around the sites. The pyrolytic source may be
aresult of combustion grass and wood organic matter. Urban
runoff has been studied extensively.

3.4. Principal Component Analysis (PCA) of
PAHs in Ala River

The first step in the multivariate statistical analysis was the
application of PCA with the aim to group the individual PAH
components by the loading plots for 10 contaminated sites.
The PCA result in indicated that the PAH variables could be
reduced to six components, which accounted for 73.142%
(Table 7) of the total variance for the data. During unrotated
component matrix, it can be observed that PCl1 was
dominated by BaA, BkF, BaP, DahP, BghiP, and IncdP. This
suggested that PCI was dominated by higher molecular

weight which reflectspyrolytic or combustion on the sum of

PAHs. PC2 was dominated by ACY and ANT which reflect
petrogenic component. PC3 have as trong loading for PHEN
which related to 3 member ring which is associated with
petroleum component. PC4 have a negative loading for
PHEN (-0.510) and positive loading for BeP (0.685). PCS5
have a high loading for FLU (0.510) and PC6 have a negative
loading for ANT (-0.513) (Table 8). The variables extracted
by each component show that those variables might originate
from the same source.

Table 6. PAHs diagnostics ratio for both seasons.

. LMW/ ANT/ FLU/ BaA/ PHE/ FLU/
Sit
1tes
SHMW* (ANT+PHE)" (FLU+PHY)? (BaA+CHY)" (ANT)* (PYR)*
1 1.07 0.39 0.59 0.59 1.59 1.43
2 0.7 0.59 0.5 0.34 0.71 1
3 0.48 0.75 0.55 0.51 0.33 121
4 0.23 0.75 0.61 0.93 0.33 1.58
5 0.45 0.52 0.43 0.49 0.92 0.74
6 0.38 0.4 0.43 0.22 15 0.74
7 0.53 0.85 0.37 0.6 0.18 0.58
8 0.33 0.38 0.72 0.68 1.6 2.55
9 1.06 0.48 0.77 0.5 1.08 3.29
10 0.22 0.22 0.39 0.16 35 0.64
Table 6. Continued.
q a.
it LMW/ ANT/ FLU/ BaA/ PHE// FLU/
1tes
SHMW" (ANT+PHE)" (FLU+PHY)" (BaA+CHY)" (ANT)" (PYR)"
1.68 0.23 0.53 0.6 3.44 1.13
1.79 0.19 0.41 0.44 4.15 0.7
3 1.04 0.36 0.51 0.35 1.76 1.03




8 Abata Emmanuel Orimisan ef al.: Distribution and Seasonal Variations of Polycyclic Aromatic Hydrocarbons in
Sediment of Ala River, Akure Metropolis, Nigeria

- SLMW/ ANT/ FLU/ BaA/ PHE// FLU/
1tes
SHMW" (ANT+PHE)" (FLU+PHY)" (BaA+CHY)" (ANT)" (PYR)"
4 2 0.14 0.58 0.83 6 1.4
5 2.13 0.33 0.88 0.79 2 7.4
6 1.69 0.25 0.33 0.7 3.07 0.5
7 1.21 0.25 0.52 0.88 3 1.1
8 2.18 0.49 0.91 0.97 1.03 10.33
9 0.95 0.56 0.47 0.97 0.8 0.89
10 3.73 0.12 0.91 0.33 72 10.5

> LMW = sum of Lower Molecular Weight PAHs, > HMW = sum of High Molecular Weight PAHs, ANT = Anthracene, PHEN = Phenanthrene. FLU =
Fluoranthrene, PHY = Pyrene, BaA = Benzo [a] anthracene, CHY = Chrysene, Subscript a and b for wet and dry season respectively.

3.5. Cluster Analysis Performed on PAHs in
Sediment of Ala River

A cluster analysis was performed to group the PAHs having
close similarities and the results are presented in Figure 2.
The dendrogram separates the studied PAHs into four main
groups. The cluster confirmed major clusters arrangement of

PAH concentration and its distribution at ten monitoring
sites. The Figure 2 above identifies four distinct pollutant
clusters, at the 25% linkage distance, with respect to their
pollutant signature and behaviours in theenvironment. The
tendency of the pollutants to cluster together is a function
ofmany factors.

Table 7. Total Variance Explained by Principal Component Analysis of PAHs.

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squared Loadings

Component - . - - . -

Total % of Variance Cumulative% Total % of Variance = Cumulative% Total % of Variance Cumulative%
1 3974 23376 23.376 3.974 23.376 23.376 2488 14.636 14.636
2 2310 13.591 36.967 2.310 13.591 36.967 2.334 13.727 28.364
3 2221 13.063 50.030 2.221 13.063 50.030 2257 13.277 41.641
4 1.511 8.887 58.916 1.511 8.887 58.916 2.168 12.752 54.393
5 1.316 7.739 66.656 1316 7.739 66.656 1.693 9.961 64.354
6 1.103  6.486 73.142 1.103 6.486 73.142 1.494 8.787 73.142
7 952 5.599 78.741
8 933 5.487 84.227
9 .663 3.899 88.126
10 .597 3.510 91.636
11 533 3.136 94.772
12 .365 2.148 96.920
13 237 1.396 98.317
14 153 .899 99.216
15 .064 376 99.592
16 .051 299 99.891
17 .019 .109 100.000

Table 8. FactorLoadings for sixPrincipal Components (PCs) for PAHs in Surface Sediments for AlaRiver.

PAHs PC1 PC2 PC3 PC4 PC5 PC6
NAP 312 .301 713 124 -.353 .022
ACY .386 .566 .163 .040 204 -.003
ACE .600 -.106 450 -.122 .345 .070
FL -.051 178 410 499 419 226
PHEN 148 334 501 =518 -.040 -.133
ANT 150 .676 114 .079 -.088 -.513
FLU -.225 429 -.128 .071 510 486
PHY -.210 775 -.155 -.283 -.077 313
BaA .632 =213 .059 -.089 -.324 375
CHY 392 316 -.442 231 -.302 291
BbF 493 371 -.480 -.030 224 -.302
BkF 794 .063 -.226 -.141 -.242 213
BeP 318 221 -.333 .685 -.162 -.184
BaP .629 -.225 328 232 273 -.109
DahP .548 -.304 -431 -.032 328 -.081
BghiP 723 -.163 248 .196 -.124 114
IncdP .693 .004 -.256 -475 226 -.069




Chemistry Journal Vol. 4, No. 1, 2018, pp. 1-10 9

0 5 10 15 20 25
DahP 15 : : : : :
IncdP 17
BbK 12
BghiP 16 J —I
BaP 14
ACY 2
ANT 6 J
BaA 9
> BbF 11 —
BeP 13
ACE 3
FL 4
CHY 10
FLU 7
PHY 8
NAP 1
PHEN 5

Figure 2. Plot of cluster analysis for PAHs in Ala River.

4. Conclusion

Conclusively, from the research, the PAHs concentrations
were 60% higher during the rainy season and 40% higher
during the dry season. Using PAHs diagnostic ratio, it was
discovered that the PAHs in Ala was from the mixture of
both pyrogenic and petrogenic sources. Also, comparing, the
values of PAHs with US Sediment Quality Guidelines
(SQGs), several of the observed PAH levels were between
ELR and ERM, an indication that a biological effect would
occur occasionally. The PAHs concentration was below the
sediment guideline but proper monitoring approach must be
applied in nearest future so the values may not exceed the
permissible value.

In addition, according to a sediment quality guideline of 1
ugg'dw total PAHs to protect estuarine fish against several
important health effects, the results of the present study show
YPAHs were below 1 ug/g dw at all sampling locations. Thou
exceed the permissible limit through these values obtained in
this research were lower than the sediment guideline but in
years to come, care must be taken so that the PAHs level

should not exceed this permissible limit.
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