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Abstract: Spilling and seepage of gasoline to soil could be a source of organic pollution to the underground
waters in such vicinities. This work evaluated the levels of polycyclic aromatic hydrocarbons (PAHS) in
groundwater drawn from hand-dug wells in filling stations, and a control sample from a well very remote from
filling stations in lle-Oluji, Ondo State, Nigeria. The concentrations of PAHSs for the samples varied from ND —
11.3 ng/uL with grand mean of 31.9£2.81 ng/uL. About 95% of the PAHSs detected consisted of low molecular
weights (2-3 aromatic rings), which are less carcinogenic but also pose toxic effect to many aquatic organisms.
The remaining 5% of the PAHs were 4 — 5 member rings. The 5-member ring (benzo (k) fluoranthrene and all
the 6-member rings were un-detected in the study. The total mean concentrations of PAHs present in the control
sample varied appreciably with respect to where the filling stations were sited (ND — 0.07 ng/uL) with total
PAHs of 0.12 ng/uL. Three locations (A, C and D) which indicated high levels of benzo (a) pyrene, pose health
hazards. Periodical water quality assessment of such wells is recommended.

Keywords: Gasoline filling stations, lle-Oluji-Nigeria, polycyclic aromatic hydrocarbons, toxicity, well-water.

I.  Introduction

The presence and concentration of microbial and chemical pollutants in drinking water are one of the
oldest routes of municipal health issue with a multitude of health related concerns. These concerns include that
of polycyclic aromatic hydrocarbons and ensuring compliance with international guidelines for drinking water
quality [1]. Because of deleterious effects on human beings and the entire environment, chemical pollutants,
especially xenobiotic compounds are of foremost importance for timely detection and control. The presence of
organic pollutants, including endocrine disruptors, organo-phosphorus pesticides and pre-cursors,
trihalomethanes (THMs) and trichloroethylene (TCE) in water resources have been widely investigated by a
large number of studies [2, 3, 4, 5]. Polycyclic aromatic hydrocarbons (PAHS) represent a group of xenobiotic
chemicals made up of two or more fused rings of carbon and hydrogen, containing at least two benzene rings
[6]. They are a group of ubiquitous contaminants with high melting and boiling points, low vapour pressure and
very low water solubility [7]. PAHSs are stable hydrophobic organic chemicals that persist in the environment
and are capable of bio accumulating in animal and human tissues where it is deposited. PAHs exist in various
combinations that manifest various functions. They are made up of two or more fused benzene rings and some
“pentacyclic moieties” in linear, angular, and/or cluster arrangements [8]. The major sources of PAHs include
incomplete combustion of wood and fossil fuels, vehicle exhaust as well as direct inputs from spillage of
petroleum products [9]. Their molecular weight is in the range of 166 to 328. The molecular weight of each
molecule depends on its number and position of fused rings and other components. Other anthropogenic sources
include cooking ovens, and cigarettes.

Naturally, water pollution by PAHSs has caused considerable concern worldwide. Inland water usually
acts as receptors for these pollutants. The pathways through which PAHs enter surface water include
atmospheric fallouts from incomplete combustion, municipal effluents, and oil spillages which could be grouped
into petrogenic and pyrogenic sources [10, 11]. Davis [12] has shown that petrogenic PAHSs enter the estuary by
means of spills and leaks of oil and refined oil products. The anthropogenic activities, which distribute PAH
contaminants includes industrial production, transportation, municipal and domestic waste incineration or
disposal. According to Hellou et al. [13], Delistraty [14], Schirmer et al. [15, 16] and Swartz et al., [17], PAHs
potentially contribute many of the modern day diseases, including cancer, damage to the reproductive system,
disrupted endocrine and immune systems, and neurobehavioral effects. Alani et al. [18] has shown that PAHS
can easily spread and be transported across the globe via groundwater and surface water bodies. There are more
than 100 PAHSs but the following 16 United States Environmental Protection Agency (USEPA) [19] priority
PAHSs are chosen for this study: naphthalene (Nap), acenaphthylene (Acy), acenaphthene (Ace), fluorene (FI),
phenanthrene (Phe), anthracene (Ant), fluoranthene (Flu), pyrene (Pyr), benzo[a]anthracene (BaA), chrysene
(Chy),  benzo[a]pyrene  (BaP), benzo[b]fluoranthene  (BbF), benzo  [k]fluoranthene  (BKF),
dibenzo[a,h]anthracene (DahA), indeno[1,2,3-cd]pyrene (IcdP), and benzo[g,h,i]perylene (BghiP) these 16
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PAHs were proposed by USEPA in 1984 as carcinogenic or mutagenic compounds and adopted by the US
government in 1998 [8]. These ubiquitous organic compounds can be readily found in food [20]; air [21]; soil
[22]; sediments [23]; street dust [24]; rain water [25] and urban run-off [26]. Some PAHSs and their derivatives
are highly toxic. Their mutagenic or carcinogenic properties are major risk to human health [27]. The effects of
PAHs on human health depend on the concentration, type and extent of exposure [28]. Several carcinogenic
PAHs including benzo[a]anthracene, benzo[a]pyrene, benzo[e]pyrene, indeno-[1,2,3-c,d] pyrene,
benzo[j]fluoranthene and dibenzo[a,h]pyrene have been reported in water and food samples [29, 30, 31, 32, 33].
As a result, the accumulation in the environment has become an issue of global health concern, the principal
route of exposure to human being the consumption of contaminated water and food products. At present,
Nigeria depends largely on oil-exploration as the main source of revenue; ideally, crude oil and its products
contain PAHs at significant levels [34].

This study seeks to quantify the levels of polycyclic hydrocarbons in underground water samples
collected from some selected hand dug wells close to gasoline filling stations in lle-Oluji, Ondo State, Nigeria to
determine the possible influence of their operations and activities on the groundwater. Four wells very close to
gasoline stations and one well fairly far remote to gasoline stations were analyzed for 16 PAHSs by liquid-liquid
extraction and gas chromatography coupled to flame ionization detector. This study will also add to the database
for proper assessment and environmental monitoring of oil-derived pollutants in this region.

Il. Materials And Methods

2.1 Sampling location

lle-Oluji is the headquarter of lle-Oluji/Okeigho Local Government, Ondo State, Nigeria and lies
between Longitudes 6° 40' N and 7° 14' N, and Latitudes 4° 38' E and 4° 53' E. It has an area of 698 km2 and a
population of 172,870 at the 2006 census (Fig. 1). Water samples used for this study were collected from five
hand-dug wells at some selected locations in lle-Oluji, Ondo State, Nigeria. Fig. 2 shows a map of all the
samples in locations and each sampling area was identified by a hand-held Garmin-GPSMAP 76S-type global
positioning system.
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Figure 1: Map of Ondo State in Nigeria showing Ile-Oluji/Okeigho Local Government
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2.2 Extraction and Clean Up

EPA method 3510C with slight modifications was employed [35]. Water samples were extracted using
liquid-liquid extraction mode by thoroughly shaking 100 mL of water sample with 50 mL of dichloromethane
(DCM). The solution was transferred into a separating funnel and samples were extracted by shaking the funnel
for three mins with periodic venting to release excess pressure. The organic layer was separated from the water
phase for a minimum of 10 min and the DCM extract was collected in a 250 mL Erlenmeyer flask. Another 60
mL portion of DCM was added to the sample bottle and the steps above repeated. The extracts were transferred
into the Erlenmeyer flask. The extracts obtained were concentrated in a rotary evaporator to about 2 mL by
evaporating the organic layer under a gentle stream of nitrogen. Activated silica gel was loaded into a glass-
chromatographic column and 1 g of Na,SO, was added to the column and conditioned with DCM. The
concentrated extracts were dissolved in 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 [34].

2.3 GC analytical conditions

The Gas Chromatograph model GC, Agilent 7890A (Shimadzu, Japan) coupled to a flame ionization
detector and DB-1 fused silica capillary column (30 m x 0.25 mm, 0.25 pm film thickness) was employed for
the separation of the analytes via liquid/liquid chromatography separation. The GC temperature ramp and other
gas chromatography conditions are presented in Table 1 and a 1.0 pL of the extract was injected in a split-less
mode. The mean elution times of the PAHs were identified by repeating five injections and peaks were
identified using the retention times of the standards. The concentrations of PAHs were determined by
extrapolation of peak area using the calibration curves of the standards.
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Table 1: Gas chromatography conditions [36]

Conditions Values

Carrier flow gas Helium

Make-up Nitrogen

Flow rate 1.2 mL/min

Inlet temperature 270°C

Injection volume luL

Column HP5 (30m x 320pum x 0.25um)
Inlet mode Split-less

Initial temperature 60°C Hold 1min

Ramp rate 1 12°C increase to 210°C

Ramp rate 2 8°C increase to 320°C (final temp.), Hold 5mins
Total run time 32.25mins

Detector temperature 325°C

I11. Results And Discussion

3.1 Mean concentrations of PAHSs at various locations

A summary of analytical results of the PAHSs in water samples from Ile-Oluji, Nigeria is presented in
Table 2. The total mean concentrations of PAHSs in the four different water samples A, B, C and D varied
between 29.0 — 35.7 ng/pL, which are far greater than that in the control (0.12 ng/pL). They are widely
distributed in all the sampling locations except in the control, suggesting that the origin of the PAHSs is probably
from non-point sources such as runoffs or industrial effluents resulting from factors such as land use, climate,
hydrology, topography, native vegetation, and geology [37]. The maximum concentration limits for PAHSs set by
the European Community and United States Environmental Protection Agency is presented in Table 3. The 2
and 3 member rings PAHs comprising: naphthalene, phenanthrene, acenaphthylene, acenaphthene and fluorene
constitute larger concentrations ranging between 1.59 — 11.3 ng/uL, and amounting to about 95% of the total
PAHSs in the four different water samples. This group of PAHs could be treated with water via exposure to
sunlight, biodegradation using microorganisms [34]. Benzo (k) fluoranthene, benzo (b) anthracene, dibenzo (a,
h) anthracene and indeno (1, 2, 3 — cd) pyrene were below detection limits in all the samples analyzed. In this
study, there was no correlation between the catchment samples and control. Un-combustion PAHS sources (e.g.
Oil seeps and petroleum spills) contain predominantly two- and three- ring compounds whereas combustion
sources (e.g. Automobiles, domestic heating with coal, forest fires, etc.) result in predominantly four to six rings
species [38]. The two and three ring compounds detected in all the samples were at higher concentrations. Eisler
[39] in Alani et al. [18] states that many PAHs such as naphthalene and phenanthrene are severely toxic and
deleterious at concentrations above 50,000 ng/uL (i.e. 50 pg/uL). A manifestation of its toxicity shows at
concentrations of 100 — 5000 ng/uL. Studies have shown that the most likely sources of such low molecular
weight PAHSs are petrogenic, from spillages of petroleum products and human activities around the well water
samples. The mean concentrations of 2-3 rings PAHs were relatively higher in all the investigated samples;
acenaphthene (10.4 — 11.3 ng/ul) was the most predominant at location D. For instance, previous reports have
shown that in a petroleum spillage containing about 25% aromatic hydrocarbon content, there is likely
contamination (at percent levels) with more of 2 and 3 rings PAHSs [34, 40]. In this study, the cumulative mean
concentrations in samples A to D of the four and five rings PAHs being < 2.12 pg/puL  were relatively lower
than for the 2 and 3 rings PAHs which ranged from 27.2 — 33.5 pg/uL (Table 4). The 6- rings PAHs were not
detected in all samples collected.
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Table 2: A summary of analytical results of the PAHs in water samples from lle Oluji, Nigeria

PAHs Mol. Wt. No. of A B C D Control Mean SD cv
(g/mol) rings (ng/ul) | (ng/pl) | (ng/pl) | (ng/pl) (ng/ul)
Nap 128 2 10.1 8.62 9.08 9.92 0.00 9.44 0.71 7.48
Acy 152 3 6.64 4.04 6.22 7.08 0.01 6.00 1.35 225
Ace 154 3 10.4 10.8 10.6 11.3 0.03 10.8 0.38 3.49
Fl 166 3 1.59 3.21 4.20 4.50 ND 3.38 1.31 38.9
Phe 178 3 0.42 0.38 0.50 0.56 ND 0.46 0.08 17.4
Ant 178 3 0.13 0.16 0.21 0.22 ND 0.18 0.04 23.2
Flu 202 4 0.30 0.69 0.25 0.81 0.07 0.51 0.28 55.2
Pyr 202 4 0.54 0.52 0.56 0.61 ND 0.56 0.04 7.03
BaA 228 4 0.38 0.20 0.19 0.22 ND 0.25 0.09 35.9
Chy 228 4 0.21 0.19 0.19 0.21 ND 0.20 0.01 5.32
BbF 252 5 0.14 0.14 0.15 0.16 ND 0.14 0.01 6.23
BkF 252 5 ND ND ND ND ND ND ND ND
BaP 252 5 0.10 ND 0.10 0.11 ND 0.10 0.00 431
DahA 276 6 ND ND ND ND ND ND ND ND
IcdP 276 6 ND ND ND ND ND ND ND ND
BghiP 276 6 ND ND ND ND ND ND ND ND
X PAH 31.0 29.0 32.2 35.7 0.12 31.9 2.81 8.81

ND: Not detectable

The Europian Community (EC) [41] and United States Environmental Protection Agency (USEPA) [19]
Standards for some PAHSs in drinking water are presented in Table 3.

Table 3: PAHSs standards in drinking water [18]

PAHs MCL in pg/uL (EC) MCL in pg/pL (USEPA)
Naphthalene - -
Acenaphthylene - -
Acenaphthene - -
Fluorene - 0.0002
Phenanthrene - 0.0002
Anthracene - 0.0002
Fluoranthene 0.00003 -
Pyrene - 0.0002
Benzo (a)anthracene - 0.0002
Chrysene - 0.0002
Benzo (b)fluoranthene 0.00003 0.0002
Benzo (k)fluoranthene 0.00003 0.0002
Benzo (a) pyrene 0.00001 0.0002
Indeno(1,2,3-cd)pyrene 0.00003 0.0002
Dibenzo(a,h)anthtracene - 0.0002
Benzo (g,h,i) perylene 0.00003 -

MCL — Maximum contaminant level, EC — European Community, USEPA — United States Environmental
Protection Agency

Tables 3 confirms that the PAH levels in underground water under this study were far above the MCLs
set by United States Environmental Protection Agency (USEPA) [19] and the European Community (EC) [41]
member states for maximum contaminant levels in drinking water. In most cases, the values obtained in this
work were about 100 to 1000 times higher than the set standards.

Table 4: Classification of detected PAHSs in the water samples from lle Oluji, Nigeria

Samples Total PAHs 2 —3rings (LMW) 4 — 6 rings (HMW)
(ng/ul) Conc. In (ng/ul) % Conc. In (ng/ul) %
A 31.0 29.3 95 1.66 5
B 29.0 27.2 94 1.74 6
C 32.2 30.8 96 143 4
D 35.7 335 94 2.12 6
Control 0.12 0.05 41 0.07 59

The mean concentration of the higher molecular weight (HMW) aromatic hydrocarbon, benzo (a)
pyrene (BaP) (0.01+0.00 ng/ul) resulting from samples A, C and D is much higher than the USEPA and EC
maximum allowable limits (0.00001 ng/uL) except for sample B and control sample where it is not detectable.
BaP is amongst the most toxic PAH compounds, causing deleterious effects on human health. Reports have
shown that benzo (a) pyrene is the most widely investigated among the PAHS, as it poses a relatively stronger
carcinogenic effect to laboratory animals and man [34, 42]. Figure 3 shows graphical representation of BaP at
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each location. While the concentrations of BaP in the control sample and Sample B were below detection limit,
signifying insignificant pollution, the concentrations of BaP in samples A, C and D ranged from 0.10 — 0.11
ng/ul (Table 2). This is very dangerous because of the possible bioaccumulation in humans over long period,
which could lead to cancer.

Benzo (a) Pyrene (ng/pul)

10

W BaP (ng/ul)

Control

Figure 3: Benzo (a) pyrene distribution in water samples from lle Oluji, Nigeria

Further studies [43, 44] have shown that benzo (a) pyrene (BaP) do accumulate to potentially
hazardous levels in fish and invertebrates. The various forms of BaP intermediates such as diol and phenol
epoxides were reported to concentrate mutagenesis and carcinogenesis of mammals [18].

PAHSs concentrations previously reported in literature on different water samples were compared to the
present data as shown in Table 5. The levels of PAHSs in this study were higher than the values reported in
studies around the world. This result is a re-affirmation of other studies in Nigeria that showed occurrence of
PAHs in most potable water sources [34, 45, 46]. Therefore regular checks and control measures should be

intensified to remediate the overwhelming effects for future generations to come.
The higher values of PAHSs obtained in this study compared to previous publications (Table 5) could be
due to the following factors apart from the proximity or remoteness to the gasoline filling stations.

Table 5: Comparison of mean concentrations of PAHSs in Ile Oluji water samples with similar studies in other

parts of the world

Study

Location

Mean concentrations of PAHs

Comment

Present study

Ile-Oluji hand dug wells close
to filling stations, Ondo State,
Nigeria (Samples A to D)

31.9+2.81 (ng/ul)

31900 (ug/L).

Highly contaminated due to proximity and
anthropogenic influence.

Present study

lle-Oluji  hand dug well
remote to filling stations,
Ondo State, Nigeria (Control
sample)

0.12 (ng/pL)

120 (pg/L).

Values are lower by about 1000 times
compared to those from wells very close to
gasoline stations. However, the value is still
higher by 10 - 100 times compared to other
results below.

Adedayo et al. [34]

Lagos lagoon, Nigeria

ND —5.73(ug/L)

ND —0.00573 (ng/pL)

Present study was relatively much higher
being about 1000 times higher than the
control and 10° times for the catchment
samples.

Adeboyejo et al.
[45]

Previous studies — water

samples of Lagos lagoon

ND - 3.73(ug/L)

ND —0.00373 (ng/uL)

Present study was relatively much higher
being about 1500 times higher for the control
and 10° times for the catchment samples.

Olajire et al. [46] Water samples — Agbabu | 11.2 -341.5(ug/L) Present study was relatively much higher
bitumen field, South-western, being about 10 orders for the control and 103
Nigeria 0.0112 —0.3415 (ng/uL) orders for the catchment samples.

Kabzifiski et al. [47]

£6dz river, Poland YY

0-9.185(ug/L)

0 - 0.009185(ng/pL)

Present study was relatively much higher
being about 100 orders for the control and 10°
orders for the catchment samples.

Karlsson et al. [48]

Water samples — Gully Pots,
Northern Sweden

0.09 - 183(ug/L)

0.0009 - 0.183 (ng/uL)

Present study was relatively much higher
being about 10 orders for the control and 103
orders for the catchment samples.

European
Community [41]

0.01 pg/L for BaP (a strongly
carcinogenic PAHS)

Present study is > by over 100 orders, which
far exceeded EU regulatory limit for BaP.

(a) Since the water in the well is virtually stagnant, any PAH introduced into the water body does not have
much dilution effect compared to other samples taken from lagoons and rivers that had undergone series of
dilution over time.
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(b) The types of rubber and plastic fetchers being used for drawing water could also be a source by which
PAHs enter the well water.

(c) Recently, personal observations on a sunny day revealed a thin film of greasy organic layer at the wells
water surface. This layer might have resulted from seepage of petroleum products and could be responsible
for the observed alarming results.

V. Conclusion

Contamination of water due to PAHs is becoming a major public health challenge in Nigeria. This
study has revealed that domestic water in some selected locations in lle-Oluji is not relatively safe and fit for
consumption as the level of PAHs was alarming. Furthermore, the levels of PAHSs in the samples are quite
higher than the acceptable ranges. The major source of the detected PAHSs can easily be traced to anthropogenic
activities in the neighbourhood of the gasoline filling stations leading to contaminated groundwater. Locations
A, C and D contain reasonable concentrations of carcinogens like benzo (a) pyrene at levels that could pose a
risk to the environment. The work established levels of the PAHs contaminants investigated water samples from
hand dug wells in the locations. The presence of these potentially toxic substances provide a legitimate basis for
initial concern and call for a more detailed periodical assessment of PAHs of the locations. There is need for
regular monitoring of groundwater in lle-Oluji, Nigeria to minimize possible contamination and the health risks.
This measure will partly help towards the attainment of the European Union, United States Environmental
Protection Agency and United Nations Millennium Development Goal objectives by ensuring the quality and
safety of potable water to the populace.
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