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Abstract

Polycyclic Aromatic Hydrocarbons (PAHS) are environmental pollutant that can impair environmental quality and health, and conse-
quent ecological risk. The study was aimed at determining the concentration and environmental status of PAHSs in the soils and sediments
of Onitsha metropolis and identify their probable source(s). Sixty samples of soils (44) and sediments (16) were collected for the study.
Extraction of organics was facilitated by infusing the samples with dichloromethane and subjected to ultrasonic agitation. The analyses
of the PAHSs were undertaken using gas chromatography/mass spectrometry (GC/MS).

Thirteen PAHs were detected in soils and sediments exhibiting varying concentration across several sampling locations. The concentra-
tion range (ug/kg) of the 13 identified PAHSs in soil and sediments were Fluorene 0.00 - 122.2and 1.7-31.1; Anthracene, 0.0 — 55.3and
1.7 - 46.0; Phenathrene 1.0 — 2045.8and 22.2 — 266.2; Fluoranthene, 1.0 — 483.7and 13.4 — 602.9; Pyrene, 3.7 — 533.4and 14.1 — 531.8;
Benzo [k]fluoranthene 1.0 — 166.5; 4.0 — 163.5; Benzo[a]anthracene, 1.0 - 222.0; 5.6 — 298; Benzo[b]fluoranthene, 1.1 — 502.6 and 14.1
— 452.9; Dibenz[ah]anthracene 1.0 — 33.4 and 1.0 37 0; Chrysene, 1.0 — 426.4and 10.0 — 385.6; Benzo [a] pyrene 1.0 — 502.6and 12.9 —
514.9 Benzo[ghi]perylene, 1.0 — 557.8and 14.9 — 326.0; Indeno[123-cd]pyrene 1.0 — 412.2and 1.0 — 37.0, respectively The fractional
concentration of PAHs and Total Organic Carbon (TOC) analysed using Principal Component Analyses revealed different partitioning of
the TOC and PAHSs in soils and sediments. This indicated distinct sourcing of the TOC and PAHs in the environmental media. Relatively
higher concentrations of PAHs were found in environment characterized by combustion activities such as waste dump sites, Mechanic
and Metal Works environments. Pyrogenic (combustion) activities were indicted as the main contributors of the PAHSs to the soils and
sediments.
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1. Introduction

Polycyclic aromatic hydrocarbons (PAHSs) are group of organic compounds consisting of two or more fused aromatic rings. They occur
in the environment either through petrogenic processes such as volcanic eruptions or pyrogenic sources, particularly from incomplete
combustion of organic compounds. These sources can occur naturally or could be human induced (Chung et al., 2007). Vila-Escale et al.,
2007, have identified the main natural sources of PAHSs to include forest fires and volcanic activities respectively. While the major an-
thropogenic sources include the burning of fossil fuels, petroleum spills, and industrial discharges (Hafner et al., 2005; Johnsen et al.,
2006, Chung et al., 2007). Base on this, PAHs are widespread in ambient environment as well as in identified contaminated hotspots
(Simpson et al., 1996; Johnsen et al., 2006).

16 PAH have been classified to be generally harmful to human health especially when its bio availability exceed acceptable concentra-
tion limit, these include; Naphthalene, Acenaphthylene, Acenaphthene, Fluorene, Anthracene, and Phenanthrene. Others are; Fluoran-
thene, Pyrene, Benzo[a]anthracene, Chrysene, Benzo[k]fluoranthene, Benzo[a]pyrene, Benzo[b]fluoranthene, Benzo[ghi]perylene, In-
deno(1,2,3-cd)pyrene and Dibenz[ah]anthracene. Different PAH compounds have different toxicity levels. Of the 16 Environmental Pro-
tection Agency (EPA) priorities PAH compounds, seven (7) are designated as probable human carcinogens with varying potency levels
(Baumard, 1999), United State Environmental Agency (USEPA, 2002). The ratios of particular PAH compounds or isomers, such as
phenanthrene/anthracene and fluoranthene/pyrene, have been used as source indicators for PAH contaminated environments (Yunker et
al., 2002; Pies et al., 2008; Liu et al., 2008 and Zhen et al., 2011).

The activities in large (urban) cities and towns affect greatly the quality of the environment by contributing to increasing concentration of
polycyclic aromatic hydrocarbon (PAHS) in soils, water (surface and groundwater), sediments and particulate,(Appleton and McCall,
1996, Torben et al., 1996; Trapido, 1999; Wendi, et al 2011). Onitsha, which was the study area, is a densely populated city with contin-
uous expansion due to rapid urban migration and with variable land use, as seen in figures 1, 2 and 3. The possible enrichment of organic
pollutants such as PAHSs in soils and sediments in the environment is in no doubt a matter for concern, hence this study. Information on
the spatial distribution of PAHSs in soils and sediments are obviously not available, which makes this study of great relevance. The aim of
this study was to determine the spatial distribution of PAHs and identify the source(s) of these organic pollutant in soils and sediments in
the study area.
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The climate is tropical equatorial, with well defined wet and dry seasons. The wet season runs from March through October with a lull in
August usually called August break. This nearly divides the wet season into two. The remaining months constitutes the dry season peri-
od. Like a good portion of West Africa, the city experiences the harmattan (dry) season between the months of November and February.
The study area is drained by River Niger that runs from North to South of the city, and its tributaries, Nkisi and NdeMilli Rivers. The
NdeMuilli river drian the southern part of the city from East to west, while the NKisi river also drain the city from East to West in the
Northern part, figure 4. These three rivers play critical role in irrigation of farming during the dry by the flood plains, dredging of sand,
fishing among others.

The Onitsha area is underlain by the Ameki Formation and it is bounded at the western part of the area is bounded by the river Niger with
edge of the River housing the alluvial deposits (Figure 5). The Ameki Formation is Eocene in age and its lateral facies equivalence is the
Nanka Formation. The Ameki Formation consists of a series of highly fossiliferous grayish-green sandy clay with calcareous concretions
and white clayey sandstone. It comprises two lithological groups. The lower groups is composed of fine to coarse grained sandstone with
intercalation of calcareous shale and thin shaly limestone while the upper part consists of coarse grained cross bedded sandstone with
bands of fine grey-green sands and sandy clay (Reyment, 1965). Nwajide (2013) refers to the Ameki Formation to have between 1200ft
to 1500ft with regressive facies, shallow marine environment as assigned. The formation overlies the Imo Formation. Its lateral equiva-
lente is the Nanka sand.
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Fig. 4: Location Map of the Study Area (Modified Sheet 263, Federal Survey Nigeria, 1964).
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2. Material and methods

2.1. Sample collections

Soil and Sediment samples were collected from different location in the study area, figure 4. For the soil samples (N = 44), sampling
were carried out in selected areas, putting into consideration densely populated area, industrial areas, places close to waste dump sites
and outskirt (control) of the city. While for the sediments samples, a total of 16 samples were collected mainly from high traffic roadside
sediments, NdeMilli and NKkisi Rivers respectively, which drain more than 90% of the study area. For the soil samples, in some locations,
samples were taken both at top soil (0 -30cm) depth and subsoil (>30cm-1m) depth. In each of the chosen location, three sub samples
were collected at a distance of an average of forty (40) meters away before harmonising to form a single sample. Also for the sediments
three sub samples were collected within a distance of ten meters apart before harmonising the samples as one representative sample. The
soil samples were collected using sample auger that is about 1.5m in length. All samples were kept at relatively low temperature of <6 °C
and at dark room for further geochemical analyses. The sampling followed different land use, these include Residential Area (RA), Farm-
land and Garden (FLG), Active waste dump (AWD), Mechanic and metal workshops (MMW), Market and Abattoirs (MAP), Schools
and Office complexes (SOC) and Control samples (CT) from relatively pristine areas. While for the sediment samples, they include
Roadside Drain sediment (RSD), Ndemilli River (ID) and Nkisi River (NK).

2.2. Total organic carbon determination

Parts of the samples were grounded to 200 um and analysed on a LECO CS 230 carbon-sulphur-analyser for Total Organic Carbon con-
tent (TOC). The TOC was determined after removing carbonates with 2N HCI at 80 °C.

Soluble organic matter was extracted from the pulverized sample using a Dionex ASE 350 apparatus. The extraction was performed at 80
°C and 1500 psi pressure in three cycles using dichloromethane as the solvent. All the processes were carried out following instrument
instruction guidelines.

2.3. Determination of PAHSs

Polycyclic aromatic hydrocarbon in 60 soil and sediment samples were analysed by gas chromatography/mass spectrometry (GC/MS),
using a HP-7890 instrument equipped with a PTV inlet splitting on two DB-1 columns. (each 50 m; 0.2 mm i.d.; film thickness 0.11 um),
one coupled to a flame ionisation detector (FID) the other one to an Agilent 7000 QQQ mass spectrometer. Helium was used as carrier
gas (27 cm/s). The columns were heated from 50 °C to 200 °C, at a rate of 20 °C/min, then heated to 300 °C, at a rate of 10 °C/min, this
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temperature was held for additional 15 min. Compounds were identified by comparison of mass spectra and retention times with com-
mercial standards. Quantification of 16 PAHs was done via MRM-measurements.

3. Results and discussions

3.1. Geochemistry of polycyclic aromatic hydrocarbon (PAHS) in soils and sediments

The summary results of the concentrations of polycyclic aromatic hydrocarbon for soils and sediments in the study area are presented in
Table 1 and 2. Of the 16 PAHSs, analysed for, 13 PAHs were detected in the soils and sediments with varying concentration from one
location to the other. These PAHSs include Fluorene, Anthracene, Phenanthrene, Fluoranthrene, Pyrene, Benzo[a]anthracene, Crysene,
Benzo[b]fluoranthene, Benzo[ghi]perylene, Indeno(1,2,3-cd)pyrene and Dibenzo[ah]anthracene. The other three PAHSs that were not
detected include Naphthalene, Acenaphthylene and Acenaphthene. The result of the concentration of Fluorene was found to be relatively
high in soils collected from Mechanic and metal workshop vicinity with the highest concentration of Fluorene found in location
MMW/11 (122.2 pg/kg). Other locations with relatively high concentration of Fluorene in (ug/kg) include MMW/9 (33.7), MWM/2A
(16.9), ID/3 (20.1), ID/4 (31.1), ID/6 (20.2), ID/9 (12.9), AWD/3A (36.7) and MAP/2 (15.3). Most of the samples in FLG, SOC and the
control samples were found to be below detection limit. Summary result for Fluorene is contained in Table 1 and 2.

The content of Anthracene concentration showed varying concentration from one location to the other. The highest concentration was
found in location MMW/11 (55.3ug/kg), location MMW/9 (41.8 pg/kg) also exhibited relatively high concentration of Anthracene rela-
tive to most other locations were low concentration were found. Examples of such were locations FLG 3A, RA 20, SOC 5 among others
with concentration (1, n.d and 1) in pg/kg respectively. Both the Roadside drain sediments and the sediments from river Nkisi and
NdeMilli exhibited relatively high concentration (pg/kg) of Anthracene; 1D/1 (27.9), ID/2 (37.1), ID/3 (23.5), I1D/4 (30.0), ID/5 (46.0),
NK/1 (14.3) and NK/2 (16.2).

The concentration of Phenanthrene also exhibited varying distribution in concentration in both the soils and sediment. The highest con-
centration of Phenanthrene was found in location MMW/11 (2045.8 pg/kg). Other locations with relatively high concentration of
Phenenthrene were AWD/5A (245.3 pg/kg), MAP2 (229.9 ug/kg), RSD/20 (227.9 pg/kg), ID/3 (208.6 pg/kg), ID/4 (266.2 pg/kg)
among others. Comparing these results with the control sample CT/4 (1.0 pg/kg) as well as other locations with relatively low concentra-
tion, it can be said there is considerable enrichment of Phenanthrene in those to over 2 to 10 fold.

Fluorathene concentration in soils sediments in the study area also exhibited spatial distribution as seen in the other compound earlier
discussed. Relatively higher concentration of Fluorathene were found in locations RSD/20 (602.9 pg/kg), MMW/11 (463.5 pg/kg),
AWD/5A (483.7 pg/kg), compare to other locations with relatively low concentration, such locations include CT/4 (1.0 pg/kg), SOC/2A
(9.2 pg/kg), and FLG/3A (4.1 pg/kg) among others.

The concentration of Pyrene in the study area was found to vary from one location to the other. Relatively high concentration were found
in locations MMW/3A (431.5 pg/kg), MMW/11 (533.4 ug/kg), 1D/9 (531.8 pg/kg), compare to the control samples CT/4, and CT/1
which recorded NOT Detected (n.d) and some other locations with relatively lower concentration; FLG/3 (3.7 pg/kg), SOC/2A (7.1
pg/kg) among others. Other locations exhibited moderate to low concentration,

Benzo (a) anthracene compound concentration in the study area exhibited spatial variation in concentration in soils and sediments of the
study area. Relatively high concentration were found in locations MMW/11 (127.8 pg/kg), RSD/20 (298.3 pg/kg), 1D/9 (226.6 pg/kg)
when compared with the control samples; CT/4 (n.d) and CT/2 (1.0 pg/kg). Other locations exhibited moderate to low concentration of
Benzo (a) anthracene.

Chrysene compound in the study area was observed to be present in the soils and sediments in varying concentration from one location to
the other. Relatively high concentration were observed in location MMW/10 (426.4 pg/kg), MMW/11 (348.5 pg/kg), RSD/20 (336.8
pa/kg), MAP/2 (204.1 pg/kg) among others, compare to the concentration of the control samples; CT/4 (1.0 pg/kg), and CT/2 (3.9
pg/kg). Other locations with relatively low concentration of Chrysene include FLG/3A (1.3 pg/kg), RA/21 (8.1 pg/kg) among other loca-
tions.

Benzo[k] Fluoranthene compound exhibited varying concentrations in the soils and sediment that were analysed. Relatively moderate to
low concentration were observed in virtually all the locations. Areas with relatively high concentration, include MMW/9 (166.5 pg/kg),
SSD/20 (163.5 pg/kg), 1D/9 (106.6 pg/kg), and MAP/2 (84.9 pg/kg) compare to the result from the central samples, such as CT/4 (n.d),
CT/2 (1.0 pg/kg) as well as other locations with relatively very low concentration; FLG/3A (1.0 pg/kg), SOC/2A (2.4 pg/kg), MAP/1A
(2.1 pg/kg) among other locations.

The concentration of Benz (a)Pyrene in the sample media showed spatial distribution from one location to the other. Relatively high con-
centration of Benzo (a) Pyrene were found in MWM/9 (525.9 pg/kg), RSD/20 (514. pg/kg), RA/18, (253.9 pg/kg), MAP/2 (259.7
pa/kg). The control samples recorded no detection (n.d) for CT and CT/2 (1.0 pg/kg).

The concentration of Benzo (b) Fluoranthene showed varying concentration in the soils and sediments analysed. It was observed that the
highest concentration of Benzo (b) Fluoranthene was found in location MMW/9 (502.6 pg/kg). Other locations with relatively high con-
centration include RSD/20 (452.9 pg/kg), ID/4 (280.2 pg/kg) and RA/4 (247.2 pg/kg). When compared with the result of the control
samples CT/4 (n.d), CT/2 (2.8 pg/kg) and other locations with relatively low concentration, such as FLG/3A (1.1 pg/kg) and SOC/2A
(8.7 pg/kg). Moderate to low concentrations were recorded in most other locations

The result of the concentration of Benzo (ghi) Perylene in the soils and sediments also showed variation in the spatial distribution. The
highest concentration was found in location MMW/16A(557.8 ug/kg), other locations with relatively high concentration of Ben-
zo(ghi)Perylene include MMW/9 (500.9 ug/kg), MMW/18 (415.9 ng/kg), RSD 20 (329.3 pg/kg) 1D/9 (326.6 ug/kg) among other loca-
tions when compared to the results of the control samples, CT/4 (n.d) and CT/2 (1.3) as well as some locations with relatively low con-
centration such as FLG/3A (1.0 pg/kg) and MAP/1A (8.5 pg/kg)

Indeno (1,2,3-cd)pyrene compound showed spatial distribution from one location to the other. It was observed that the compound exhib-
ited relatively high concentration in locations MMW/9 (412.2 pg/kg), MMW/16A (305.2 pg/kg), RSD/20 (300.2 pg/kg) and NK/14
(213.9 pg/kg) compare to the results from the control samples CT/4 (n.d) and CT/2 (1.1 pg/kg). Other locations such as FLG/3A (1.0
pg/kg), MAP/1A (6.2 pug/kg) and SOC/2A (5.2 pg/kg) that recorded relatively low concentration.

The concentration of Dibenz(ah)anthracene generally showed relatively moderately low to low concentration in distribution. The highest
concentration was found in location SSD/20 (37.0 ug/kg). Other locations with moderately low concentrations of the compound include
MMW/9 (33.4 pg/kg), RSD/14 (18.1 pg/kg), ID/9 (21.7 pg/kg) and RA/4 (22.8 pg/kg), compare to the results of the control samples
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CT/4 (n.d) and CT/2 (n.d). Relatively low concentration were found in RA/21 (1.0 ug/kg), SOC/5 (1.0 pg/kg) as well as many other loca-
tions.

The summary results for PAHs concentrations spatial distribution of soils and sediments analyzed are presented in figure 6 (a — k) It was
observed that there is relative enrichment of PAHSs in the soils and sediments studied. This is shown from the spatial distribution of the
concentration from location to location, figure 6(a — k) Generally across the samples collected and analyzed, there were high rate of de-
tection of PAHSs in the soils and sediments compare to the control samples which were collected from relatively pristine areas which are
at the outskirt of the metropolis. Again the result showed higher concentration in mechanic and metal workshops (MMW) areas, Public
parks, waste dump site than residential and farm land/garden soils. Also, high concentrations of PAHs were detected in sediments sam-
ples analysed from the side drains and the rivers of Ndemili and Nkisi. These suggest that soils and sediment within the city center and
its runoff are more susceptible to the deposition of PAHs from anthropogenic sources such as vehicular emissions, use of herbicides,
domestic waste degradation and waste polymer rich materials.

Table 1: Summary Results for PAHs Concentrations (ug/Kg) of Soils in Onitsha

PAH Min Max Mean Stand dev Ccv

Fluorene 0 122.2 1.7 20.19 2.63
Anthracene 0 55.3 9.9 12.19 1.23
Phenanthrene 1 2045.8 137.2 324.64 2.37
Fluoranthene 1 483.7 104.2 123.91 1.19
Pyrene 3.7 533.4 125.1 134.36 1.07
Benzo[a]anthracene 1 222 43.0 45.49 1.06
Chrysene 1 426.4 87.1 95.78 1.10
Benzo[K]fluoranthene 1 166.5 31.0 32.73 1.05
Benzo[a]pyrene 1 525.9 87.3 102.56 1.18
Benzo[b]fluoranthene 11 502.6 106.5 102.43 0.96
Benzo[ghi]perylene 1 557.8 140.1 149.24 1.07
Indeno(1,2,3-cd)pyrene 1 412.2 88.9 89.86 1.01
Dibenz[ah]anthracene 1 334 6.8 7.00 1.03

Table 2: Summary Results for PAHs Concentrations (ug/Kg) of Sediments in Onitsha

PAH Min Max Mean Stand dev CVv

Fluorene 1.7 31.1 10.2 8.30 0.82
Anthracene 1.7 46 19.8 12.81 0.65
Phenanthrene 22.2 266.2 129.1 75.27 0.58
Fluoranthene 13.4 602.9 187.2 146.43 0.78
Pyrene 14.1 531.8 187.5 133.67 0.71
Benzo[a]anthracene 5.6 298.3 93.8 71.96 0.77
Chrysene 10 385.6 150.4 94.81 0.63
Benzo[K]fluoranthene 4 163.5 64.5 35.10 0.54
Benzo[a]pyrene 12.9 514.9 178.9 112.16 0.63
Benzo[b]fluoranthene 14.1 452.9 200.6 109.12 0.54
Benzo[ghi]perylene 2515 449.8 209.9 104.48 0.50
Indeno(1,2,3-cd)pyrene 14.9 326 169.0 81.49 0.48

Dibenz[ah]anthracene 1 37 13.2 8.11 0.62

® _Units in Ugkg Units in Ugikg
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Fig. 6: (a— k) Spatial Distribution of PAHs Concentration in Soils and Sediments of the Area.

The relatively high presence of High Molecular Weight PAHs (HMW) as against the Low Molecular Weight (LMW) PAHSs in the soils
and sediments as observed suggests that the PAHSs are as a result of pyrogenic processes as the dominant sources of PAHs. The HMW
PAHs include; Fluoranthrene, Pyrene, Benzo[a]anthracene, Crysene, Benzo[b]fluoranthene, Benzo[ghi]perylene, Indeno(1,2,3-cd)pyrene
and Dibenzo[ah]anthracene. While the LMW PAHSs include Fluorene, Anthracene and Phenanthrene, Tablel and Table 2. It has been
reported in many published works (Morillo et al., 2007; Wilcke, 2007 and Glennon et al. 2012) that pyrogenic contamination is charac-
terized by high presence of HWM PAHSs over LWMPAHSs in soils and sediments.

Though scientific data on PAHSs characteristics in urban areas are few, the soils and sediments that were investigated in this study was
compared with results of published works from other countries, especially with respect to those countries that are relatively large with
high industrial activities. It was observed that the soils and sediment analyzed are relatively high (Table 4.20). the 16 PAHSs that were
analyzed in the city of Beijing, China showed (467 — 5470 pg/kg) of surface soils, while Valasske Mezirici, Czech Republic showed
(861-3514 pg/kg) among others in Table 4.20, as compared with our findings (20.0-4281.4 pg/kg) for 13 PAHSs, this showed that the
soils and sediments in the study area is of great concern, because there is considerably enrichment in the soils and sediment to pollution
status.

There was relatively non correlation relationship between the TOC and total PAH concentrations, figure (7a) which apparently suggest
that the PAH in the soil are recent contamination and as established by different authors such as (Olatunbusun et al., 2011) yet to fully be
partitioned into the organic matter in the soils. Olatunbusun et al. 2011, Baumard et al., 1999 and Simpson et al., 1996 have showed that
relationship between TOC and total PAHSs in the sediment was significant only if the area is highly contaminated to PAHs of >2000
png/kg dw. This is further buttressed by the three component principal plot for the compounds with the TOC, figure (7b), which shows
clearly that the PAH occur almost together in cluster form suggesting similar sources of enrichment in the soil and sediment as against
the TOC that exhibit non similar occurrence.

Table 3: Comparative Distribution of Polycyclic Aromatic Hydrocarbon of Selected Countries | the World and the Results of This Study

Location No of PAHs > PAHs (ug/kg) Source type Reference

Korea Peninsula 13 109-178 Industrial (Hashmi et al. 2005)
Beijing, China 16 467-5470 Urban soil (Li et al. 2006)

Beijing, China 16 16-3884 Surface soil (Ma et al. 2005)

Canada 17 1400 Highway (Wang and Meresz 1982
United Kingdom 7 2000 Motorway (Butler et al. 1984)
United Kingdom 16 187 Rural soils (Wild and Jones 1995)
United States 14 3000 Highway (Yang et al. 1991)

Japan 8 1300800 Urban soil (Spitzer and Kuwatsuka 1993)
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United Kingdom 16 2700500 Urban soil (Meharg et al. 1998)
New Orleans, United States 16 3731a Urban soil (Mielke et al. 2001)
West Macedonia, Greece 16 55.2-495 Lignite fire (Stalikas, Chaidou, and Pilidis 1997)
Igbanko mangrove forest Lagos 16 65.5-188.0 Forest fire soil Olatunbosun et al. 2011
Valasske Mezirici, Czech Rep. 16 861-3514 Agric/urban soils Daniela et al. 2009
Onitsha 13 20.0-4281.4 soils and sediments Current study
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Fig. 7: (A-B) Bivariate and PCA Plot of Between Total Pahs and TOC (%) for Soils and Sediments in the Study Area.
3.2. ldentification of sources of PAHSs in soils and sediment of the study area

The potential sources of PAH in the soils and sediments were carried out using PAH isomer ratio in other to identify the possible sources
of these harmful compound. This is a method that have been used by published works , such as (Baumard et al.; 1998, Ma et al. 2005,
Liu et al. 2008and Glennon et al., 2012) to ascertain weather it is from pyrolytic i.e (Combustion) processes of organic rich matereials or
through petrogenic input i.e (through petroleum product discharch like oil spillage). When the ratio of Flu/(Flu + Pry) is <0.4, it suggest
petroleum source enrichment while Flu/(Flu + Pyr) is >0.5 it indicates PAH in the geo media is from combustion of grass, wood and coal
and when (Flu/(Flu + pyr) is between 0.4 < and >0.5, it is from combustion of petroleum product (Li et al. 2006)

In similar vain, the ratio of Ant/(Ant + Pyr) < 0.1 are such enriched by petroleum product contamination, while the ratio of Ant/(Ant +
Pyr) ratio > 0.1 are mainly from combustion related sources such as vehicle related activities (Li et al 2006). The ratio of IcdP/(lcdp +
BiP) < 0.2, shows petroleum sources while value >0.5, indicate pyrolytic sources (Yunker et al, 2002). The same apply to the ratio of
BaA/(BaA + Chr). When BaA/(BaA + Chr) ratio is < 0.2, it indicate petroleum input while when it is > 0.35, it indicate pyrolytic sources
(Yinker et al. 2002). From the result of this work, it is observed that for the ratio of Flu/Flu + Pry), is between < 0.4 and >0.5 for most of
the locations which suggest petroleum combustion, grass, wood and coal combustion sources enrichment for most of the locations while
there are some few samples which indicate petroleum product waste, figure 8., in the ratio reading. The locations that recorded >0.6
suggest combustion of organic rich waste matrerials as in location AWD/5B which is soil sample collected within the vicinity of active
waste dump site.

Similarly, the ratio of BaA/(BaA + Chr) in this study shown that most of the samples plotted within the vicinity of pyrogenic sources of
PAHSs enrichment in both soils and sediments. Though some of the samples collected analysed ratios also indicated petrogenic sources of
PAHSs enrichment in both soils and sediments, figure 9.
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Fig. 8: A Plot of Anthracene/(Anthracene + Phenanthrene) Versus Fluoranthene/( Fluoranthene + Pyrene) in Soils and Sediments of Onitsha Area.
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4. Conclusions

The result of spatial distribution of PAHSs in the soils and sediments showed relatively high content of 13 PAHs of the 16PAHSs that are of
environmental concern. These PAHSs include Fluorene, Anthracene, Phenanthrene, Fluoranthrene, Pyrene, Benzo[a]anthracene, Crysene,
Benzo[b]fluoranthene, Benzo[ghi]perylene, Indeno(1,2,3-cd)pyrene and Dibenzo[ah]anthracene. The other three PAHSs that were not
detected include Naphthalene, Acenaphthylene and Acenaphthene. From the results, varying concentration of these PAHs were found
from one location to the other for both soils and sediments. It was observed that land use activities was a major factor that influence the
varying concentration of these organic compound, were areas such as MWM/11 (127.8 pg/kg), RSD/20 (298.3 pg/kg), 1D/9 (226.6
pa/kg), of Benzo (a) anthracene compound that were found to be relatively high compare to their content in the control samples which Is
below the detection limit of the analytical facility employed in their analysis

Similarly the varying concentrations other PAHSs that suggest influence of high urban activities, for example, Benzo[k] Fluoranthene
compound, MMW/9 (166.5 pg/kg), SSD/20 (163.5 pg/kg), ID/9 (106.6 pg/kg), and MAP/2 (84.9 ug/kg) compare to the result from the
control samples, such as CT/4 (n.d), CT/2 (1.0 pg/kg). such pattern of PAHs enrichment in soils and sediment were found in
Benz(a)Pyrene, Benzo(b) Fluoranthene, Benzo(ghi)Perylene, Indeno (1,2,3-cd)pyrene among other PAHSs detected. The identification
characterization of the possible sources of PAHSs that were interpreted showed that most of the PAHs found in the soils and sediments of
the study are related to pyrogenic sources which may have been influenced by combustion related activities within the urban environ-
ment. The main concern about PAHSs presence to such level of concentration in some vital locations within the soils and sediments ana-
lysed is the fact that the PAHSs detected are carcinogenic and mutagenic when it comes in contact with human beings most especially
through pathways such as dust inhalation, surface water intake by plants and animals that depend on such, among other possible path-
ways.
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