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This study determined the presence and levels of Polycyclic Aromatic Hydrocarbons (PAHs) of ground-
water in Moro, Edun-Abon, Yakoyo and Ipetumodu communities in Ife-North Local Government Area of
Osun State. This was with a view to create public awareness about the safety of groundwater as a source
for domestic purposes (e.g., drinking, cooking etc.) in non-industrial area. Water samples were collected
on seasonal basis, comprising of three months (August-October) in the wet season and three months
(December-February) in the dry season. The PAHs in the water samples were extracted with n-hexane

llfz{;ggfc aromatic hydrocarbons using liquid-liquid extraction method, while their qualitative identifications and quantitative estimations
Groundwater were carried out with the use of gas chromatography. Levels of PAHs detected showed predominance of

light PAHs (less than four fused rings) for both wet and the dry seasons. Higher concentrations of PAHs
were recorded during the wet season than the dry season. The study concluded that the groundwater in
the communities was contaminated with light PAHs and the total PAHs in this area exceeded the max-
imum permissible limit of 10 wgL~! recommended by World Health Organization (WHO) for safety of

Water quality
Seasonal variation
Health impact

groundwater.

© 2016 Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are multi-ringed
organic compounds which are ubiquitous in nature. They are
derived from both natural processes of biogenic precursors [1]) and
anthropogenic processes of incomplete combustion of organic mat-
ter and emissions of non-combustion-related petrogenic process
[2]. They are a group of about 10,000 compounds, a few of which
occur in considerable amounts in the environment, and in food [3].
PAHs comprise fused aromatic rings and do not contain hetero-
atoms. Some PAHs have been demonstrated to be carcinogenic and
mutagenic. However, those PAHs that have not been found to be
carcinogenic may act as synergists. Exposure of humans to single
PAHs does not occur because PAHs are always encountered as com-
plex mixtures. PAHs containing up to four fused benzene rings are
known as light PAHs and those containing more than four ben-
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zene rings are called heavy PAHs. Heavy PAHs are more stable and
more toxic than light ones. PAHs are lipophilic in nature; neverthe-
less, some of them can dissolve quite well in water [3]. Water can
become contaminated with PAHs from runoff in urban areas, waste
water from certain industries such as those involved in creosote
manufacturing and aluminium smelting), or from PAHs carried in
the air. The level of PAHs in untreated drinking water is approxi-
mately five times that of treated municipal drinking water supplies
[3].

Groundwater is often cheaper, more convenient and less vul-
nerable to pollution than surface water. Therefore, it is commonly
used for public water supplies [4]. Groundwater makes up about
twenty percent of the world’s fresh water supplies, which is about
0.61% of the entire water, including oceans and permanent ice [4].
Many municipal water supplies are derived solely from ground-
water. The volume of groundwater in an aquifer can be estimated
by measuring water levels in local wells and by examining geologic
records from well-drilling to determine the extent, depth and thick-
ness of water-bearing sediments and rocks. Polluted groundwater
is less visible, but more difficult to clean up than pollution in rivers

2214-7500/© 2016 Published by Elsevier Ireland Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. A Map of Ife North Local Government Showing the Sampling Sites.

and lakes. Groundwater pollution most often results from improper
disposal of wastes on land. Major sources include industrial house-
hold chemicals and garbage landfills, industrial wastes, lagoons
tailings, processed wastewater from mines, oil field brine pits, leak-
ing underground oil storage tanks and pipelines, sewage sludge and
septic systems. Polluted groundwater is mapped by sampling soils
and groundwater near suspected or known sources of pollution, to
determine the extent of the pollution and to aid in the design of
groundwater remediation systems. Preventing groundwater pol-
lution near potential sources such as landfills requires lining the
bottom of landfills with watertight materials, collecting leachate
withdrawal and keeping rain water off any potential contaminants
along with regular monitoring of nearby groundwater to verify that
contaminants have not leaked into the ground. The danger of pollu-
tion of municipal supplies is minimized by locating wells in areas of
deep groundwater and impermeable soils and careful testing and
monitoring of the aquifer and nearby potential pollution sources
[4].

Several authors have studied pollution of water with PAHs in
petrogenic and industrial environments. For example, Wakeham
et al. [5] reported PAHs from sedimentary records of several lakes
in Switzerland and Washington, indicative of high levels of PAHs
pollution in modern input. Hostettler et al. [6] studied the trace
of biomarker profiles in San Francisco Bay sediments, showing
anthropogenic input of hydrocarbons in recent decade’s deposi-
tions. Anyakora and Coker [ 7] determined the PAHs in water bodies
in the Niger Delta. Ogbuagu et al. [8] studied contamination of
groundwater sources in Okrika Mainland with PAHs. However,
there is no study on the determination of PAHs in water from non-
industrial area hence this present study.

The motivation to this study was predicated on the increase of
pollution in this century, which has led to the occurrence of many
carcinogenic and mutagenic diseases. Because most of the foods
consumed are produced from non-industrial areas, baseline index
on the pollution level of PAHs needs to be established. Thus, this
study investigated the level of PAHs pollution in groundwater of
non-industrial area (Ife North Local Government Area, Osun State)
so as to create public awareness about PAHs contamination in the
area.

The study area includes Moro, Edun-Abon,Yakoyo and Ipetu-
modu in Ife North Local Government Area, Osun State. It has an
area of 49 sq mi and a population of 153,694 as of 2006 cen-
sus [9]. The study area lies within 7° 31.133'N, 004° 26.470'E and
7°32.359'N, 004° 27.581E (Fig. 1). It is bounded by Ife Central,
Ife East, Ife South and Ayedaade Local Governments Areas. The
towns are suburbs to Ile-Ife and people in these towns are primarily
Yoruba speaking ethnic groups and are known for trading and agri-
cultural practices. Agricultural raw materials and foods consumed
in the cities are transported to Ile — Ife, Osogbo, cities within and
beyond the state. These people live essentially on ground water
for domestic purposes and surface water for agricultural uses. It
is, therefore, pertinent to evaluate the potability status of their
water sources. The levels of PAHs in the groundwater have not
been reported in the literature, hence the seasonal evaluation of
the PAHs. Previous studies in our group conducted in the same
site for the physico-chemical parameters of the underground water
indicated that seasonal changes impact on the results obtained for
both the dry and the wet season [10]. Thus, we speculate that sea-
sonal changes may also lead to variation in the levels of PAHs in the
ground water. This was confirmed from our experimental results
where higher concentration of the PAHs was recorded for the wet
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Fig 2: GC TOFMS chromatogram of 2 ppm PAH standard

Fig. 2. GC TOFMS chromatogram of 2 ppm PAH standard.

season compared with the dry season. This study will also provide
useful baseline data and information on the seasonal levels of PAHs
in the groundwater of major towns in Ife North Local Government
Area, Osun State Nigeria.

2. Materials and methods
2.1. Pretreatment of sampling and storage vessels

Prior to sampling, sample bottles and storage glass wares were
washed with detergent, rinsed with distilled water and pure
acetone (99.9%) and then dried in an oven overnight at 100°C.
Winchester bottles were used in collecting water samples for deter-

mination of PAHs. Analytical grade chemical reagents and materials
were used in the study.

2.2. Chemicals and reagents used

N-Hexane-BDH analytical grade, acetone-BDH analytical grade,
silica gel 60-120 mesh-Oxford laboratory reagent, anhydrous
sodium sulphate-M&B laboratory chemical, MnSO4-Kermel, HCI-
BDH analytical grade.

2.3. Water sampling

Groundwater samples were collected on seasonal basis com-
prising of three months (August, September, October) during the
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Table 1

Description and Co-ordinates of Sampling Sites.
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Town Location N-coordination E-coordination
Moro
M1 Moro 1 07° 32.359 004° 27.581
M2 Moro 2 07°32.171 004° 27.515
M3 Moro 3 07° 32.077' 004° 27.262
Edun-Abon
E1l Edun-Abon 1 07° 32.695’ 004° 27.103’
E2 Edun-Abon 2 07°32.017' 004° 27.257'
E3 Edun-Abon 3 07° 32.961' 004° 27.097'
Yakoyo
Y1 Yakoyo 1 07° 32.047' 004° 27.137
Y2 Yakoyo 2 07° 32.030 004° 27.023’
Y3 Yakoyo 3 07°31.734 004° 27.066'
Ipetumodu
11 Ipetumodu 1 07° 31.388 004° 26.816
12 Ipetumodu 2 07° 31.366 004° 26.677'
13 Ipetumodu 3 07° 31.133/ 004° 26.470'

Table 2

Concentrations of PAHs in the Wet Season Groundwater Samples (ugL™1).
Wet Season
Site Naphthalene Acenaphthene Acenaphthylene Anthracene Fluoranthene Fluorene Phenanthene Mean +SD
M1 0.80+0.14 BDL BDL BDL 0.944+0.00 2.84+0.00 429+2.04 2.22+1.67
M2 4.57 +0.81 0.06 +0.00 0.09+0.00 0.96 +0.02 BDL 37.49+0.48 1.26 +£0.50 7.41+14.83
M3 1.69+£0.29 BDL 0.06 +0.00 0.23 £0.00 BDL 45.62+29.32 2.08 £0.49 9.94+19.97
E1l 1.51+0.17 BDL BDL 0.00+0.00 BDL 98.29 +67.26 2.10+0.25 25.49 +48.55
E2 0.67 +0.06 0.02+0.00 0.08 +0.00 0.02+0.00 BDL 11.89+1.09 0.29+0.02 2.16+4.77
E3 1431+£1.25 0.11+0.00 BDL 0.03 +0 0.01 BDL BDL BDL 4.82+8.22
Y1 2.74+0.31 0.05+0.00 0.22+0.00 2.91 +£2.03 BDL 165.19 +£30.69 7.06+3.28 9.69+66.43
Y2 11.25+£0.91 BDL BDL BDL BDL 43.36+0.00 0.55+0.25 18.39+22.28
Y3 0.18+0.03 0.01+0.00 0.04+0.00 0.42 +0.26 BDL 0.93+0.00 0.76 +£0.28 0.39+0.39
11 90.01+3.92 0.01+0.00 BDL 0.01+ 0.00 BDL 698.99 +0.00 12.65+5.22 160.34 +303.45
12 4.61+0.39 0.06 +0.00 BDL BDL BDL 199.63 +£50.25 14.80 £4.10 54.78 £96.77
13 1.16 £0.10 0.02+0.00 0.08+ 0.00 BDL BDL 4.31+0.00 9.09+0.92 2.93+3.86
Range 0.67-90.01 0.01-0.11 0.04-0.22 0.01-2.91 - 0.93-698.93 0.29-14.80 0.39-160.34
Mean +SD 11.13+25.24 0.04+0.34 0.10+0.06 0.51+0.95 0.94 +0.00 118.96 +203.78 5.00+5.17 24.88 +45.29

BDL =Below Detection Limit; SD = Standard deviation.

Table 3

Concentrations of PAHs in the Dry Season Groundwater Samples (ngL™1).
Dry Season
Site Naphthalene Anthracene Fluorene Phenanthrene Mean +SD
M1 0.64+0.11 0.19+0.08 15.574+0.00 1.24+0.21 4414745
M2 4.18+0.26 BDL BDL 6.72+0.22 5.45+1.79
M3 0.14+0.02 BDL BDL 0.09+0.02 0.12+0.04
E1 0.72+0.18 BDL 7.19+1.04 3.29+1.71 3.73+3.26
E2 5.40+0.47 0.01+0.00 57.57 +38.61 7.99+1.90 17.74+26.76
E3 11.24+0.62 0.10+0.00 358.524+201.58 0.70+£0.22 92.64+177.33
Y1 BDL BDL BDL 0.09+0.00 0.09 +00
Y2 0.02+0.01 0.17+0.00 BDL 0.43+0.20 0.21+0.20
Y3 0.09+0.03 BDL BDL 0.52+0.20 0.30+0.30
11 0.15+0.02 BDL BDL 0.09+0.00 0.12+0.04
12 0.58 +0.09 BDL 0.78 +£0.00 1.94+ 0.68+0.14
13 0.17+0.05 0.04+0.01 3.45+1.52 1.19+0.38 1.21+1.58
Range 0.02-11.24 0.01-0.19 0.78-358.52 0.09-7.99 0.09-92.64
Mean +SD 2.124+3.53 0.10+0.08 73.85+141.03 2.03+2.80 10.56+26.33

BDL =Below Detection Limit; SD = Standard deviation.

wet season and three months (December, January, February) during
dry season of the year 2014 from Moro (M), Edun-Abon (E), Yakoyo
(Y) and Ipetumodu (I) communities of Ife North Local Government
Area of Osun State. M1, M2, M3 =Moro roads 1, 2 and 3; E1, E2,

E3 =Edunabon roads 1, 2 and 3; Y1, Y2, Y3 =Yakoyo roads 1, 2 and
3; 11,12, 13 =Ipetumodu road 1, 2 and 3. Each town was divided into
three zones (Table 1) and a composite sample (representing five
wells of equal volume) were taken from the groundwater from each
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of the zones on a monthly basis to give a total of 3 composite sam-
ples for each town, and 12 composite samples for the four towns
per month. A total of seventy-two (72) groundwater samples were
collected for six months (including the wet and dry seasons) and
the samples were collected in 2.5 L pre-treated Winchester bottles.
Samples were stored at 4°C in the refrigerator prior to extraction.

2.4. Extraction and clean-up

Extraction was carried out in a liquid-liquid extraction mode
by thoroughly shaking 500 mL of water sample in a separating fun-
nel with 20 mL of n-hexane using the method for organic chemical
analysis of municipal and industrial wastewater, US EPA Method

610 [11]. The solution was transferred to a separating funnel and
samples were extracted by shaking the funnel for 10 min with
periodic venting to release excess pressure. The organic layer was
allowed to separate from the water phase for a minimum of 15 min
and the n-hexane extract was collected in a 120 mL Amber coloured
bottle. Extraction was repeated three times and the extracts were
combined in an Erlenmeyer flask. The concentrated extract was
obtained by evaporating the organic layer under a gentle stream of
nitrogen and stored in the refrigerator at 4 °C. The isolation of PAHs
was done by solid-phase extraction in a normal phase mode. Acti-
vated silica gel was loaded into a glass-chromatographic column;
an additional 1g of Na;SO4 was added to the column and condi-
tioned with n-hexane. The concentrated extract were dissolved in
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5 mL n-hexane, loaded into the column and then eluted with 50 mL
n hexane. The eluents were concentrated using a rotary evaporator
and then reconstituted in 0.5 mL n-hexane for gas chromatography
(GC) analysis.

2.5. GC analytical conditions

The samples were analyzed at the Department of Chemistry,
University of Johannesburg, South Africa using Gas chromatograph
model 7890A series (Agilent Technologies, Inc., Wilmington, DE,
USA) equipped with a LECO Pegasus 4D Time of Flight mass spec-
trometry detection and an Agilent on-column injection system.
Columns: Rxi-5 SiIMS (30 m x 0.25 mm x 0.25 um) as a primary col-
umn and Rxi 17 Sil MS (1 m x 0.25 mm x 0.25 um) as the secondary
column. The helium carrier gas was maintained at constant flow of
2.0 mL per min. The injection volume was set at 1 L Splitless and
the injection temperature was set at 250 °C. The oven temperature
was programmed as follows: 40 °C held for 0.50 min; ramped from
40°C — 280°C at 10°C/min and then held for 0.50 min at 280°C.
The mass spectrometry conditions were set up as follows: solvent
delay of 180 s; transfer line temperature at 250 °C; Electron ioniza-
tion at —70eV; source temperature at 250 °C; stored mass range:
45-600 u; acquisition rate: 10 spectra/s for GC TOMS; detector off-
set voltage was set at 300 V.

3. Results and discussion

3.1. Mean concentration of PAHs at various locations in wet and
dry seasons

Fig. 2 shows the chromatogram of the certified reference
standard used, while the supplementary (S) information on the
calibration curves of individual PAHs standard used for the quan-
tification of the PAHs determined in this study are presented in Figs.
S1 and S2 in Supplementary material presents the spectra used for
qualitative identification of individual PAHs. All these are the qual-
ity control measures taken to obtain reliable results. Tables S1 and
S2 in Supplementary material present all PAHs identified in the
calibration standards, their calibration equations and relative peak
areas used for the quantification of PAHs identified in the sam-
ples. From this study, seven PAHs were identified to be present in
the groundwater of the studied area (Tables 2 and 3). Fluorene has
the highest mean concentration (119 + 204 g L~1) while acenaph-
thene has the lowest mean concentration (0.042 +0.342 pgL-1).
It can be deduced that the PAHs detected in groundwater sam-
ples in wet and the dry seasons in the study area were light PAHs.
Heavy PAHs are rarely present in water; this is due to the low water
solubility of these compounds [12] (Fig. 3).

Fig. 3 shows the distribution graph of mean concentra-
tion of PAHs identified to be present in the groundwater
samples of the study area during the wet and dry seasons
while Fig. 4 presents the frequency distribution of the total
PAHs in the ground water samples. From the graph, the
mean concentration of detected PAHs are in the order of flu-
orene >naphthalene > phenanthrene > fluoranthene > anthracene >
acenaphthylene > acenaphthene. During the wet season the
mean concentration of PAHs in the sites are in the order of
[1>12>E1>Y2>M3>YI>M2>E3>13>M1>E2>Y3, while in the
dry season mean concentration of PAHs in the sites are in the order
of E3>E2>M2>M1>E1>13>12>Y3>Y2>11>M3>Y1.

Naphthalene is the most occurring PAHs in the studied sites dur-
ing the wet season (as indicated in Fig. 4), while phenanthrene is
the most predominant in the groundwater samples in the studied
sites during the dry season. Light PAHs detected in the groundwater
of the studied area are less toxic and less carcinogenic compared to

heavy PAHs [13]. Higher concentration of PAHs in wet season com-
pared to dry season could be attributed to the ability of more of
the lower molecular weight PAHs to leach easily through the soil to
the groundwater as a result of rainfall in the wet season. Similarly,
run-off from different places around the sampling site carries along
some dissolved PAHs and pollutes the underground water more
with this class of trace organics. In the same vein, an increase in
volume of water in the ground during the wet season may enhance
the dissolution of more of the PAHs, especially the low molecular
weight PAHs, resulting to their higher concentration in the wet sea-
son. The presence of PAHs in towns of the studied local government
could be attributed to anthropogenic activities such as burning of
forest and firewood for cooking, which is a common practice in the
area. Another source could be from the wearing away of the asphalt
layer of the major roads in the area, vehicular emission of some of
the PAHs due to high traffic movement along major roads around
the local government area, burning of carbon containing waste in
mechanic workshops in towns in the area, and other human activ-
ities. The released PAHs are deposited in soils and surface water
and later leached to the ground water during heavy down pour or
through runoff.

Generally, the PAHs detected in this study were above the set
standard for drinking water which is 0.005ugL-! [14], and in
most cases exceeded the maximum permissible limit of 10 pgL~!
recommended by WHO for safety groundwater [15]. Thus, their
accumulative effect over time could be detrimental to human
health and may cause some of the life-threatening diseases such
as cancer associated with the presence of PAHs. Also, as stipu-
lated by WHO (1984) the maximum permissible limits for total
PAHs in drinking water is 0.2 g/L[16]. Groundwater samples from
this study area have total PAHs higher than the standard set by
WHO, indicating a public health concern because PAHs have been
confirmed to be carcinogenic and man stand the greatest risk of
bioaccumulation.

Results obtained in this study were also lower compared to the
values of 11.2-341.5 ug L~ reported by [ 17], who worked on water
samples in Agbadu bitumen field Southwest Nigeria (Table 4). Com-
pared with Ogunfowokan et al. [18], the results in this study were
also lower than the values 0f0.1-15.8 mgL~! (or 100-15810 p.gL~1)
reported for Osogbo and lle-Ife, and 73.72 mgL~! (or 73720 ugL-1)
reported for industrial area of Lagos. Similarly, the results in this
study were lower than those of Kalsson et al., 2008 who reported
concentrations between 0.09-183 wgL~! for water samples in
Gully pots Northern Sweden. The inability to detect some of the
PAHs during the dry season could probably be because they existed
at concentrations below the detection limit of the machine caused
by their volatile nature which is favoured by high temperature
usually experienced during the dry season of the year in tropical
regions like Nigeria.

3.2. Analysis of variance of PAHs in wet and dry seasons of the
groundwater samples

ANOVA results presented in Table 5a, showed that at p <0.05
significant level, f., > fj;, which implies that there is a significant
difference in concentration of naphthalene (Nap), acenaphtha-
lene (Ace), acenaphthylene (Aceyl), anthracene (Ant), fluranthrene
(Flura) and fluorene (Fluo) for the period of wet season, while
fea1 < feric for phenathrene (Phe) indicates that there is no significant
difference in the concentration of phenathrene in the groundwater
for the periods of wet season investigated. Table 5b showed that
at p <0.05 significant level, f.; >f.; for napthalene, anthracene,
fluorene and phenathrene, implying that there is a significant dif-
ference in the concentration of PAHs in the water for the different
months of the dry season studied.
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Table 4

Comparison of results of this study (mean concentrations of PAHs) with similar studies in other parts of the world.

Study Location

Mean concentrations of PAHs Comment

Present study Groundwater, Ife North Local Government

BDL-118.958 pgL~! -

[18] Osogbo and Ife Lagos 0.1-15.81mgL~1 0.1-73.72mgL"! Conc in present study lower.
[17] Water sample Agbabu bitumen field South west Nigeria 11.2-341.5 pgL! Conc in present study lower.
[19] Water samples-Gully pots nortern Sweeden 0.09-183 pgL! Conc in present study lower.
WHO, 2011 [20] 0-0.005 pgL! Conc in present study higher.
Table 5a
Analysis of Variance for PAHs in Wet Season (ANOVA).
Sum of Squares df Mean Square F Sig.
Naphthalene Between Groups 1747.067 3 582.356 0.886 0.488
Within Groups 5258.431 8 657.304
Total 7005.497 11
Acenaphthene  Between Groups 0.001 3 0 0.291 0.831
Within Groups 0.012 8 0.001
Total 0.013 11
Acenaphthylene Between Groups 0.007 3 0.002 0.484 0.703
Within Groups 0.041 8 0.005
Total 0.048 11
Anthracene Between Groups 2.42 3 0.807 1.181 0.376
Within Groups 5.465 8 0.683
Total 7.884 11
Fluorathrene Between Groups 0.221 3 0.074 1 0.441
Within Groups 0.59 8 0.074
Total 0.812 11
Fluorene Between Groups 1502104 3 50070.14 1.441 0.301
Within Groups 278025.5 8 34753.19
Total 428235.9 11
Phenathrene Between Groups 254.432 3 84.811 13.87 0.002
Within Groups 48.918 8 6.115
Total 303.35 11
At P <0.05, F>F;, for Napthalene, Acephthalene, Acenaphthylene, Anthracene, Flurathrene, Fluorene while at P < 0.005, F < F;; for Phenathrene.
Table 5b
Analysis of Variance for PAHs in Dry Season (ANOVA).
Sum of Squares df Mean Square F Sig.
Naphthalene Between Groups 63.55 3 21.183 2.587 0.126
Within Groups 65.519 8 8.19
Total 129.069 11
Anthracene Between Groups 0.005 3 0.002 0.251 0.859
Within Groups 0.051 8 0.006
Total 0.056 11
Fluorene Between Groups 43448.04 3 14482.68 0.264
Within Groups 72349.8 8 9043.725
Total 115797.8 11
Phenanthrene Between Groups 28.688 3 9.563 1.434 0.303
Within Groups 53.367 8 6.671
Total 82.055 11

At P <0.05, F>F Naphthalene, Anthracene, Fluorene, Phenathrene.

3.3. Cluster analysis of PAHs in wet and dry seasons

The cluster analysis of PAHs for wet season is presented in
Fig. 5a. This shows that there is close relationship among acenaph-
thene, acenaphthylene, anthracene, and fluoranthrene. There is
an extended relationship between acenaphthene, acenaphthylene,
anthracene, fluranthrene and fluorene, phenanhrene. This implies
that their presence in the study area groundwater might probably
be from the same source such as; burning activities of carbon con-
taining substances or wastes in the area, oil spill from mechanic
workshops, emission from vehicular movement and other human

activities. that leached from the surface ground and seepage to
the groundwater. The presence of naphthalene on its own without
clustering implies that naphthalene might be from another source
different from that of other PAHs. Due to the volatile nature of naph-
thalene, its presence might be movements from another area in air,
runoff water to these communities and leaching into the ground-
water. The cluster analysis of PAHs for the dry season is presented
in Fig. 5b. This can be grouped into three, the first cluster consists
of naphthalene and anthracene; this implies that they might be
from the same source while the other two groups include fluorene
and phenanthrene, which are separate. This implies that fluorene
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Fig. 5. (a) Caluster Diagram Showing the Relationship among PAHs Present in Wet Season. (b) Cluster Diagram Showing the Relationship among PAHs Present in Dry Season.

and phenanthrene are from different sources. Different factors are anthropogenic activities from another area that moves with air to
responsible for their presence in the dry season, because temper- these study areas.
ature increases during this period, their presence might be from
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Fig. 6. (a) Parincipal Component Loadings of PAHs in Wet Season. (b) Principal Component Loadings of PAHs in Dry Season.

3.4. Principal component analysis of PAHS

The principal component analyses (PCA) in wet and dry seasons
are presented in Fig. 6a and b. The wet season PCA showed that there
is a relationship among phenanthrene, anthracene, acenaphthene,

acenaphthylene and fluoranthene. The dry season shows a relation-
ship between naphthalene and anthracene. The PCA of wet and dry
seasons further confirmed the clustering relationship shown by the
cluster analysis.
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4. Conclusion

The PAHs detected are light PAHs (2-3 rings), which includes;
naphthalene, acenaphthene, acenaphthylene, anthracene, fluo-
ranthene, fluorene, and phenanthrene, for the wet season, and
naphthalene, anthracene, fluorene, and phenanthrene, for the dry
season. Heavy PAHs were not detected in any of the samples. The
total amount of PAHs in this area exceed the maximum permissible
limit of 10 pg L~! recommended by WHO for safety of groundwater
[15]. The drinking of the groundwater by the people over a period
of time may cause disorderliness in the proper functioning of the
body system. It could also lead to risk of cancer diseases and low
intelligence quotient in children.
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