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Abstract

Soil samples were collected from three dumpsites (Chakiricha, Psychiatric and Rumuokwuta) within Port Harcourt metropolis and examined
for the concentrations of polycyclic aromatic hydrocarbons (PAHs). The study showed that there was heavy presence of PAHs in the dumpsites.
The total concentrations of PAHs in the dumpsites were in the order; Rumuokwuta > Chakiricha > Psychiatric with values of 60.958, 30.036 and
21.987mg/Kg respectively. There was the predominance of 2-3 membered ring PAHs in Rumuokwuta and Psychiatric dumpsites while at the
Chakiricha dumpsite, it was the 4 membered rings that dominated. The diagnostic and source identification of PAHs in the dumpsites showed
multiple sources but dominated by pyrogenic sources. The difference between carcinogenic and non-carcinogenic PAHs in the dumpsites shows
almost equally competing concentrations of the two classes thus therefore inferring the closeness of human to risks of cancer within the area.
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Introduction

Advancement in technology, economic growth, population
increase and human need for food, clothes, vehicles, home ap-
pliances and enhanced health amenities has led to increased ag-
ricultural, domestic and industrial activities, which end in the
generation and release of wastes in different forms into the en-
vironment [1]. Environmental contamination and pollution are
dangerous to man and his environment. The need to curb the
effect of pollution in the environment has necessitated the de-
velopment of standard permissible limits for different chemical
substance in the environment by both national and international
agencies [2]. The essence is to regulate the discharge of pollut-
ants into the environment with acceptable limits to avoid nega-
tive health implications and consequences [3].

Despite these steps, the issue of contamination of soils, land,
water and air has continued unabated. Scientists and environ-
mentalist and technologists are faced with the challenges of
overcoming the harmful effects of contamination of the soil. In-
considerate dumping and maladministration of waste and other
by-products from homes and industries create the main source
of contaminations in the environment [4]. The soil is known as

the repository for pollutants, whether polycyclic aromatic hy-
drocarbons, heavy metals or other pollutants. When pollutants
such as polycyclic aromatic hydrocarbons are constantly dis-
charged into the soil, they subsequently accumulate to level that
can constitute risk to the environment [5].

The accumulation of these compounds in the soil can lead to
contamination of food chain, since plants derive their nutrients
from the soil and are eaten by man and animals. Beside the in-
take by plants within the immediate vicinity, there is the issue
of redistribution by leaching and runoffs and transformation by
microbes. The presence of polycyclic aromatic hydrocarbons in
the environment is presently on focus, due to the fact that they
are considered as responsible or as precursors of some diseased
conditions such as carcinogenicity, mutagenicity, teratogenicity
and other toxic effects [6].

Polycyclic aromatic hydrocarbons (PAHs) are possible atmo-
spheric toxins which comprises of fused aromatic rings without
considering those that have substituents [7]. They are distinc-
tive pollutants in the environment and are produced constantly
from incomplete combustion of waste, petroleum products, coal,
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organic materials and tobacco. Other sources of environmental
PAHs are volcanic eruptions, forest fires, coal burning, asphalt
production and fumes from car exhaust [8].

In Port Harcourt, Rivers State, Nigeria, there are government
approved dumpsites. In these dumpsites, wastes are expected to
be evacuated on daily basis, but sometimes, there are delays or
occasional incineration by the people. This study was therefore
undertaken to study the concentrations of polycyclic aromat-
ic hydrocarbons in selected government approved dumpsites
within Port Harcourt metropolitan city.

Materials and Methods

Sample collection

Surface soil samples from three dumpsite locations within
the Rumuigbo-Rumuokwuta axis were collected with soil auger
after removing the covering wastes. The soil samples were col-
lected randomly from five points within the waste dumpsites
and mixed together to form representative samples. The chosen
dumpsites were Chakiricha dumpsite (near Monier Construction
Company, MCC) in Rumuigbo, Rumuomio dumpsites along psy-
chiatric road Rumuigbo and Rumuokwuta dumpsite near MTN
office. The samples were collected at the depth of 0-10cm and
placed in glass container, which were immediately covered. The
samples were immediately taken to the laboratory for analysis.

Sample preparation and extraction of PAHs

Proceeding to the extraction, soil samples were homoge-
nized to powder and sieved with a 0.2mm mesh. Thereafter, 2.5g
of the sieved sample was introduced into a soxhlet extractor
and extraction was done with 10ml of methanol and 25ml of
dichloromethane for 24 hours at 800C with constant refluxing.
The extract was eluted into a 250ml and purified using dichloro-
methane solvent. Then a rotary evaporator was used to concen-
trate the extract to 5Sml. Further purification was carried out in a
50ml flat bottom flask with addition of 15ml pentane, which was
volatilized with rotary extractor to 2ml. The pentane extract was
further concentrated by evaporation to 0.5ml using a constant
flow of uncontaminated nitrogen gas. This was permitted to pass
over slurry packed column of activated silica gel for 8 hours at
a controlled temperature of 2000C. All other hydrocarbon con-
stituents were separated from PAHs using a pentane solvent first

and then dichloromethane which eluted the PAHs.

Sample analysis

The analysis of the soil extracts for polycyclic aromatic hy-
drocarbons (PAHs) was carried out using gas chromatography,
Agilent model 6890N (Agilent technologies Avondale, USA). The
identification of the individual PAHs compounds was compared
with those obtained from prepared standards provided by the
manufacturers of the instrument. The identity and quantity ion
peaks were gotten from the scan mode and were used to differ-
entiate the different PAHs compounds in the sample.

Results and Discussion

Concentrations of PAHs in the dumpsites

The result of the analysis of polycyclic aromatic hydrocar-
bons (PAHs) in the soil samples from the study dumpsites are
shown in Table 1, while the total concentration of PAHs in each
dumpsite is shown in Figure 1. The concentrations of the differ-
ent PAHs compounds observed in the different stations indicat-
ed that the first four PAHs compounds (naphthalene, acenapth-
ylene, acenaphthene and fluorene) were not detected, but all the
others were detected at various concentrations. Phenanthrene
was observed to have the highest concentration in this dump-
site with a value of 4.531+1.352mg/Kg. Others such as flouran-
thene, pyrene, chrysene and Benzo (gh,i) Pyrene were observed
to be as high as 3.888+0.896, 3.132+1.354, 3.380+1.102 and
3.630+2.011mg/Kg respectively. The total value or concentra-
tion of PAHs in the Chakiricha station was observed to be 30.036
mg/Kg. In the Psychiatric dumpsite, napthalene, acenapth-
ylene and pyrene were not detected. The PAHs compound with
the highest concentration observed was fluorine, whose value
was 5.151+1.332mg/Kg, which was followed by the values ob-
served for phenanthrene (3.450+1.021mg/Kg) and acenaph-
thene (3.248+1.261mg/Kg). The total concentration of PAHs in
Psychiatric dumpsite was observed to be 16.379mg/Kg. In the
Rumuokwuta dumpsite, it was only Benzo (k) Fluoranthene
that was not detected. In this dumpsite, naphthalene, acenapth-
ylene, anthracene, acenaphthene, chrysene, benzo (b) fluoran-
thene and Indeno (1,2,3-cd) pyrene had concentration values as
high as 9.575+2.013, 8.713£1.465, 6.434+2.519, 5.748+2.134,
5.693+1.932, 5.693+2.256 and 5.014+2.561mg/Kg respectively.

Table 1: Concentrations (mg/Kg) of polycyclic aromatic hydrocarbons (PAHSs) in soil samples from the selected waste dumps.

PAHS (mg/Kg) Dumpsites
Chakiricha Psychiatric Rumuokwuta

Napthalene Nd Nd 9.575+2.013
Acenapthylene Nd Nd 8.713+1.465
Acenaphthene Nd 3.248+1.261 5.748+2.134
Fluorene Nd 5.151+1.332 4.118+1.664
Phenanthrene 4.531+1.352 3.450+£1.021 1.814+0.125
Anthracene 0.146+0.364 1.390+0.861 6.434+2.519
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Fluoranthene 3.888+0.896 0.314+0.02 1.518+0.376

Pyrene 3.132+1.354 Nd 0.639+0.214

Benzo (a) Anthracane 2.716+0.297 0.369+0.041 3.639+1.361

Chrysene 3.380+1.102 0.769+0.121 5.693+1.932

Benzo (b) fluoranthene 1.431+0.502 2.773%¥1.126 5.693+2.256
Benzo (k) Fluoranthene 1.046+0.336 1.015+0.138 Nd

Benzo (a) pyrene 1.046+0.618 1.355+0.046 0.072+0.001

Benzo (g/h,i) Pyrene 3.630+2.011 1.138+1.002 1.040+0.011

Dibenzo (a,h)Anthracene 2.363+0.659 0.222+0.005 1.248+0.382

Indeno (1,2,3-cd) pyrene 2.727+1.001 0.793+0.167 5.014+2.561

m Chakiricha

m Psychiatric

Figure 1: Total concentrations of polycyclic aromatic hydrocarbons in the dumpsites.

Rumuockw uta

The total content of PAHs in this dumpsite was 60.958mg/
Kg.

The Rumuokwuta dumpsite had the highest concentra-
tions of PAHs, which was followed by the Chakiricha dumpsite
and then the psychiatric dumpsite. The presence of high levels
of PAHs in environment has negative health effects on humans
within the area [9]. These could have resulted from incomplete
combustion of waste materials usually dumped at these points
[10]. The presence of PAHs in soil has the potentials to pollute
both ground water and surface water by leaching through the
soil profile and through runoffs to nearby water body [11,12].
The implications of PAHs present in water to man and other an-
imals (fishes inclusive) cannot be overlooked. This is due to the
fact that their presence in water can either have direct effect on
man or indirect effect through food chain and loss of aquatic life
through toxicity [13].

The total values of PAHs observed in the present work fall
within the range of values observed in Igbore and Saje dump-
sites in Abeokuta metropolis, South West, Nigeria where total
values of PAHs were observed to vary between 11.0 and 41.6mg/
Kg [14]. But either higher or within the range of values observed

in open-pit coal mine, China, where the observed range fall with-
in 0.06 - 36.90mg/Kg within a depth range of 0-100cm [15] and
lower than the total values of PAHs observed in soil from elec-
tronic waste dumpsites in Lagos and Ibadan, Nigeria, where the
values were in the region of 1756 - 2224pg/Kgin a 0-15cm depth
of top soil [16]. According to Kaszubkiewicz et al. [17], the Dutch
stipulated values for intervention for PAHs contamination in any
soil is 40mg/Kg. However, the values obtained in the dumpsite
from the present work showed that Rumuokwuta dumpsite con-
tent of PAHs was higher than the intervention value, Chakiricha
was close to the value and therefore at alarming stage, while Psy-
chiatric dumpsite is not yet at the alarming stage.

The observed values of PAHs in the dumpsite seem to be
associated with population size, which in part is a determining
factor in output of waste. The human cluster population and
dumpsite size seem to be more at Rumuokwuta, then Chakiricha
and finally Psychiatric area, so also was the total PAHs concen-
trations in the dumpsites. Despite the fact that some of the val-
ues were lower than the above guidelines, communities within
the area stand the risk of being affected by the PAHs, thus posing
great health challenges and risk of being transported to nearby
water sources [14].
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Diagnosis and source apportionment of PAHs from the
dumpsites

The sources of the identified PAHs in the examined dump-
sites are shown in Table 2. The determination of the PAHs sourc-
es using the diagnostic ratios showed that the ratio of LMW/
HMW PAHs gave values of 0.184, 1.513 and 1.482 for Chakiricha,
Psychiatric and Rumuokwuta dumpsites respectively. These val-
ues indicated that PAHs in Chakiricha dumpsites was pyrogen-
ic, while at Psychiatric and Rumuokwuta was petrogenic. The
source analysis for 2-3 rings PAHs (An/An+Phe) in the dump-
sites showed values of 0.031, 0. 287 and 0.780 for Chakiricha,
Psychiatric and Rumuokwuta dumpsites. The obtained values
indicated that Chakiricha dumpsite was of petrogenic origin,

while Psychiatric and Rumuokwuta dumpsites were of pyrogen-
ic origin. The source diagnosis for the four rings PAHs (F1/Fl1+Py)
in the three dumpsites were Chakiricha (0.554), Psychiatric
(1.000) and Rumuokwuta (0.704). All the values obtained for the
dumpsites indicated pyrogenic sources of the compounds. The
diagnostic evaluation of the five-membered rings PAHs (BaA/
BaA+Chr) gave values of 0.446. 0.324 and 0.390 for Chakiricha,
Psychiatric and Rumuokwuta dumpsites respectively. These val-
ues showed that all the dumpsites were affected by petrogenic
PAHs. The six membered-ring (IP/IP+BgP) analysis for source
identification gave values of 0.536, 0.781 and 0.801 in Chakiri-
cha, Psychiatric and Rumuokwuta dumpsites respectively.

Table 2: Diagnostic ratios and Source apportionment of PAHs in the Dumpsites.

Stations LMW/HMW An/(An+Phe) Fl/(F1+Pyr) BaA/(BaA+Chr) IP/ (IP+ BgP)
Chakiricha 0.184 0.031 0.554 0.446 0.536
Psychiatric 1513 0.287 1 0.324 0.781

Rumuokwuta 1.482 0.78 0.704 0.39 0.801

The observed multiple sources of PAHs in the different sta-
tions corroborates the findings of Edori and Iyama [12] at efflu-
ents discharge points into the New Calabar River, those of Xi-
aoyang et al. [15] in the soil profiles from the industrial district
of large open-pit coal mine, China, those of Olufunmilayo et al.
[14] in selected dumpsites in Abeokuta Metropolis, South West,
Nigeria and those of Ilechukwu et al. [18] from different asphalt
hot-mix plant stations within Port Harcourt City, Rivers State,
South-South, Nigeria.

Polycyclic hydrocarbons of pyrogenic origin results from
high-temperature incineration produced from oxygen deplet-
ed burning or combustion of organic based materials such as
fossil fuel, exhaust fumes, manufacturing associated with heat
production and waste furnaces [19]. The class of PAHs pro-
duced from pyrogenic sources is mostly compounds which con-
tain unsubstituted aromatic rings and they form the basic PAHs
configurations [20]. Despite the fact that in the present work,
combustion-based PAHs (pyrogenic) predominated over the
non-combustion-based PAHs (petrogenic) yet petrogenic PAHs
may have been contributed in each of the selected dumpsites

through other road transport activities, occasional spills and
other natural factors. This observation corroborates the obser-
vation of Wang et al. [21].

Ring size analysis of PAHs in the dumpsite

The concentrations of the different ring categories in the
sampled dumpsites are given in Table 3. The content of the dif-
ferent PAHs classes showed that 2-3 membered rings were the
lowest with a value of 4.677mg/Kg, which was followed by the
values of the 6 membered rings which was 5.090mg/Kg, then 5
membered rings, which was 7.153mg/Kg and the highest were
the 4 membered rings which was 13.116mg/Kg. In the Psychi-
atric dumpsite, the highest concentration of the different PAHs
category was observed in the 2-3 membered rings, with a val-
ue of 13.239mg/Kg. The values for the other membered rings
were 6.281, 1.452 and 1.015mg/Kg for 5, 4 and 6 membered
rings respectively. In the Rumuokwuta dumpsite, the observed
values indicated that the low molecular weight PAHs (2-3) was
the highest with a value of 36.402mg/Kg, while the values of the
other ring sizes were 11.489, 6.805 and 6.262mg/Kg for 4, 5 and
6 membered rings respectively.

Table 3: Diagnostic ratios and Source apportionment of PAHs in the Dumpsites.

Dumpsites
PAHs Ring Size
Chakiricha Psychiatric Rumuokwuta
2-3 4.677 13.239 36.402
4 13.116 1.452 11.489
5 7.153 6.281 6.805
6 5.09 1.015 6.262

The concentrations of the carcinogenic and non-carcino-
genic PAHs in the dumpsites showed the values of carcinogen-
ic PAHs was 14.702, 7.296 and 21.359mg/Kg for Chakiricha,
Psychiatric and Rumuokwuta stations respectively, while those

of the non-carcinogenic PAHs in the dumpsites were 15.334,
14.691 and 39.602mg/Kg for the respective stations.

The most important characteristics of the fate and toxicity
of polycyclic aromatic compound in any contaminated soils is
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dependent on the extent of solubility in fats and partitioning be-
tween organic and other particulates surfaces [3]. Ordinarily, it
is a well-known fact that the higher molecular weight PAHs dis-
play considerable propensity than the lower molecular weight
PAHs and remain sorbed to soils or sediment rather than remain
in the water or air and also have the greater capacity to bio-ac-
cumulate in organisms. In the present work, there is a relative
comparison between the LMW PAHs and HMW PAHs. The very
high values of the LMW PAHs may have resulted from the re-
lease of unburnt petroleum products (petrol, diesel and, grease
and other vehicular oils) from vehicles released during traffic
congestion [3]. This condition (traffic congestion) is a common
site at the Rumuokwuta dumpsite, which is the same with the
Psychiatric dumpsite area, but lesser at the Chakiricha dump-
site area. Therefore, the very high level of the lower molecular
weight PAHs in the Rumuokwuta and Psychiatric dumpsite may
be associated with traffic issues.

Low molecular weight PAHs, that is the 2-3 membered rings
easily undergo transformation through bacterial and fungal deg-
radation effects, while high molecular weight PAHs (4-6 mem-
bered rings) have more resistance to environmental conditions
and so are not easily degraded to other products either by chem-
ical or microbial activities [22].

The nature and ratio of the occurrence of both carcinogen-
ic and non-carcinogenic PAHs in the dumpsites were relatively
close to each other. This is an indication that these dumpsites
can pose or constitute risk to the environment. Notably so, these
dumpsites are positioned in the heartbeat of the various settle-
ments. This implies that during overflows resulting from rain-
water, which is a common occurrence within the area, can lead
to transport or transfer of these toxic compounds into wells and
lands (soils) within the spread area (Table 4).

Table 4: Total concentrations (mg/Kg) of carcinogenic and non-carcinogenic PAHs in the dumpsites.

Dumpsites
PAHs Type
Chakiricha Psychiatric Rumuokwuta
Carcinogeni PAHs 14.702 7.296 21.359
Non-carcinogenic PAHs 15.334 14.691 39.602

Conclusion

The study revealed that PAHs in the dumpsites were highly
concentrated. Moreover, there was predominance of 2-3 mem-
bered rings in majority of the dumpsites, thus revealing intense
human interferences or pyrogenic sources of PAHs than petro-
genic sources. The diagnostic ratios of the different ring catego-
ries showed variable sources of PAHs in the dumpsite, although
there was the dominance of pyrogenic sources over petrogen-
ic sources. The ratio of carcinogenic to non-carcinogenic PAHs
were relatively close, this portends health danger signals to the
immediate human environment and also reveal the congestion
nature of vehicular traffic. To effectively practice waste manage-
ment and control in urban settlement, there is the need to pro-
tect nearby environments from the spread or transport of toxic
substances from the immediate source of production. The very
high values of PAHs in the dumpsites, therefore, call for immedi-
ate attention of the government so as to arrest or forestall any
negative health effect in the near future. The authorities respon-
sible for evacuating refuse should not allow the dumps to remain
for a long time at the dumpsite and not also burn them as is the
practice in most cases when it is the dry season. From the out-
come of this study, it is recommended that these dumpsites be
stopped immediately and be moved to places that are far from
human environments and settlements.
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