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ABSTRACT:The aim of this paper is to report the determination of Total potency equivalent
concentration (TPEC) of Carcinogenic polycyclic aromatic hydrocarbons (cPAHs) in soil
samples from Bodo area in Ogoniland using the Toxicity Equivalent Factor (TEF) model. Gas
Chromatography GC HP 5870 with FID was used for analysis. Out of the seven cPAHs
investigated only three were detected. They are Benzo (a) Pyrene (BaP), Dibenzo (a, h)
anthracene and Indeno (1, 2, 3-cd) pyrene with soil concentrations of 19.06 mg/kg, 6.67 mg/kg
and 29.26 mg/kg respectively. Their correspondingly individual potency equivalent
concentrations in soil (mg/kg) are 19.06, 0.67 and 2.93 respectively. Benzo (k) Fluoranthene,
Benzo (a) Anthracene, Benzo (b) Fluoranthene and Chrysene was not detected. The calculated
TEQ or TPEC is 22.66mg/kg and this value by far exceeds the method B cleanup levels of BaP
value of 0.137mg/kg, it suggests a massively contaminated soil. TPEC is 226.6 times higher
than the method B and CAL-EPA risk-based cleanup value of 0.1mg/kg while Total cPAHs is
549.9 times higher than the risk-based cleanup value as indicated. This level of soil toxicity
with respect to BaP indicates that the area should be declared a no-go area for humans and
animals alike. We strongly recommend the application of Dispersion by Chemical Reaction
Technology, should be deployed immediately in this area for total detoxification and
decontamination of the area. © JASEM
http://dx.doi.org/10.4314/jasem/v19i3.20
Introduction
Many areas in the Niger-delta of Nigeria are
adversely affected with crude oil pollution. Nigeria’s
Niger-delta is one of world’s highest producers and
reservoirs of crude oil and gas and is also host to
diversity of organisms, plants, and animals (AstonJones, 1998). The inhabitants of the area are
constantly increasing and are exposed to crude oil
contamination. Crude oil is a known major source of
Polycyclic Aromatic Hydrocarbons (PAHs), which
contains potentially carcinogenic and toxic
substances that persist and bioaccumulate in the
Environment, with its attendant health consequences
(U.S.E.P.A., 1993a).
The Department of Ecology, State of Washington,
(2007) reported that Carcinogenic polycyclic
aromatic hydrocarbons (cPAHs) are those polycyclic
aromatic hydrocarbons (PAHs) identified as Group A
(known human) and Group B (probable) carcinogens.
The U.S.E.P.A., (1993a) currently identifies seven
PAHs as probable human carcinogen (Group B2).
Benzo (a) pyrene and some other PAHs generally
account for the majority of the risk associated to
PAHs. They have been demonstrated to cause Cancer
in laboratory animals after repeated dosing.

Regulatory risk assessments are very healthprotective with very low risk based clean-up levels
for PAHs are derived for sites (Bradley et al., 1994).
Many polycyclic aromatic hydrocarbons (PAHs) are
probable or known carcinogens and mutagens. Benzo
(a) pyrene (BaP) is one of the numerous PAHs and
the most investigated carcinogenic PAHs (cPAHs). It
is accepted to be the most toxic PAH and mostly used
as a toxicological prototype for all cPAHs. However,
less information is available for most of the other
PAHs in terms of potency. In most risk assessments,
many individual PAHs have been considered to be of
equivalent potency as BaP. This consideration could
result in the exaggeration of cancer and mutagen
potency of individual PAH because most PAHs are
considerably less potent or toxic than BaP when
analyzed in the same way. Many attempts have been
investigated to ensure a more reliable risk assessment
of potential exposures to mixtures of PAHs. The
Potency Equivalency factor (PEF) and Mutagenicity
Equivalency Factor (MEF) are mostly used. (Kyung
et al., 2010; Durant et al 1999; Durant et al 1996;
Nisbet et al., 1992; Marty et al., 1994; Wynder and
Hoffman, 1959).
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PEF is an estimate of the relative toxicity of (a)
chemical compound(s) to a reference chemical.
Environmental soil mixtures of cPAHs use PEF to
evaluate the toxicity and assess the risks for the
environmental mixtures. PEF methodology rules are
often amended to suit current realities. In this way,
the mixtures of cPAHs is considered as a single
hazardous substance when establishing and
determining compliance with cleanup and
remediation levels. The use of PEFs values for
cPAHs as adopted by the California Environmental
Protection Agency, (California EPA, 2005) to
characterize the toxicity of these mixtures and use of
physico-chemical properties of individual PAHs in
evaluating the cross-media impact. Cal-EPA (2005),
reported the PEF for the minimum required cPAHs
under WAC/173-340-708(e) and uses 0.137 mg/kg
(which I approximated to 0.1 mg/kg), for its riskbased cleanup levels for BaP, (Department of
Ecology, State of Washington, (2007)).
Many other risk assessment bodies exist like; MDNR
(1993), New Jersey Register, (1992), U.S.E.P.A.,
(1993b) among others. They use different derived
values of risk-based cleanup level for BaP values of
0.33mg/kg, 0.66mg/kg and 0.1mg/kg respectively,
(Bradley et al., 1994).
The aim of this research is to ascertain the levels of
total petroleum hydrocarbons, polycyclic aromatic
hydrocarbons and most importantly to determine the
total potency equivalent concentration of cPAHs in
soils of Bodo-city, River State of Nigeria, using
Potency equivalency factor (PEF) model.

MATERIALS AND METHODS
Description of Study Area.Geographically, the study
site, Bodo-city, falls within the geographical axis of
latitude 6073’N and longitude 50 33’E. Bodo
comprises of 36 villages in Gokana Local
Government Area, Rivers state in Nigeria. The
occupation of the inhabitants are farming and fishing.
For analysis of Total Petroleum Hydrocarbon, gas
chromatographic (GC) system was used. Total
petroleum hydrocarbons were analyzed by capillary
gas chromatography model HP 5890 series, the gas
chromatography system is equipped with flame
ionization detector.
For analysis of Polycyclic Aromatic Hydrocarbons, a
HP 5870 Gas Chromatography was used, this HP
5870 in stark B5 uses flame ionization detectors
(FIDs). Because of this, only substances that burn are
detected as they elute from the column. The
following seventeen PAHs were analyzed as well
*1
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total petroleum hydrocarbon (TPH); Naphthalene, 2Methyl
Naphthalene,
Acenaphthalene,
Acenaphthene, Fluorene, Phananthrene, Anthracene,
Fluoranthene, Pyrene, Benzo (a) Anthracene,
Chrysene, Benzo (b) Fluoranthene, Benzo (k)
Fluoranthene, Benzo (a) pyrene, Benzo (g,h,i)
Perylene, Dibenzo (a,h) Anthracene, Indeno (1,2,3cd) Pyrene. The results obtained were further used
evaluate the cPAHs and determine TEQ.

RESULTS AND DISCUSSION
The results of the analysis are presented in Table 1
shows the results of PAHs, TPH and Total cPAHs
and table 2. Indicates the calculated Total Potency
equivalent concentration (mg/kg) in soil of the
detected cPAHs
Table 1: Levels (mg/kg) of PAHs, TPH and Total
cPAHs in soil samples obtained from Bodo-city.
Name
Naphthalene
2-Methyl Naphthalene
Acenaphthalene
Acenaphthene
Fluorene
Phananthrene
Anthracene
Fluoranthene
Pyrene
Benzo (a) Anthracene
Chrysene
Benzo (b) Fluoranthene
Benzo (k) Fluoranthene
Benzo (a) pyrene
Benzo (g,h,i) Perylene
Dibenzo (a,h) Anthracene
Indeno (1,2,3-cd) Pyrene
Total PAHs
TPH
Total cPAHs

Amount (mg/kg)
958.89379
7.738681
22.66791
8.10856
34.46815
0.00000
0.00000
0.00000
0.00000
19.05571
10.05614
6.67448
29.26252
1089.96111
2430.46
54.99

Table 1 indicates that seventeen PAHs that were
evaluated as well as TPH. The total PAHs and values
of cPAHs were also indicated as shown in the table
above. Out of seventeen PAHs screened nine were
detected, while eight were not detected as indicated
in the table. Out of seven known cPAHs screened,
three were detected while four were not detected as
shown in the table above. The values in mg/kg of the
Total PAHs, TPH and total cPAHs are 1089.96,
2430.46 and 54.99 respectively. The order
concentrations (mg/kg) of the detected PAHs in the
samples are 958.89 > 34.47 > 29.26 > 22.62 > 19.06
> 10.06 > 8.11 > 7.74 > 6.67 respectively for
Naphthalene, Fluorene, Indeno (1,2,3-cd) Pyrene,
Acenaphthalene, Benzo (a) pyrene, Benzo (g,h,i)
Perylene, Acenaphthene, 2-Methyl Naphthalene and
Dibenzo
(a,h)
Anthracene.
Phananthrene,
Anthracene, Fluoranthene, Pyrene, Benzo (a)
Anthracene, Chrysene, Benzo (b) Fluoranthene, and
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Benzo (k) Fluoranthene were not detected as
indicated in above table.
Table 2 and figure 1 conveys the same information,
while table 2.0 below shows the calculated values of
the Total Potency equivalent concentration (mg/kg)
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in soil of cPAHs using the TEF model. Figure 1
shows the graphical representations in a chart.

Table 2: Calculated Total Potency equivalent concentration (mg/kg) in soil of cPAHs
(cPAHs)
Benzo (a) pyrene
Benzo (a) Anthracene
Benzo (b) Fluoranthene
Benzo (k) Fluoranthene
Chrysene
Dibenzo (a,h) Anthracene
Indeno (1,2,3-cd) Pyrene
Total

Individual cPAHs
concentration (mg/kg) in soil
19.06
6.67
29.26
54.99

The cleanup levels and risk calculation using the
Model Toxic Control Acts (MTCA) was strictly
followed in the calculation of TEQ or TPEC. The
Potency equivalent concentration in soil in mg/kg for
the individual cPAHs i.e., Benzo (a) pyrene, Benzo
(a) Anthracene, Benzo (b) Fluoranthene, Benzo (k)
Fluoranthene, Chrysene, Dibenzo (a,h) Anthracene
and Indeno (1,2,3-cd) Pyrene are 19.06, 0, 0, 0, 0,

60
50
40
30
20
10
0

Potency equivalent concentration
in soil (mg/kg)
19.06
0.67
2.93
TEQ OR TPEC = 22.66

0.67 and 2.93 respectively. These individual values
are however not enough and must be considered as a
unit hazardous substance in attempt to determine or
establish if the site needs. The TEQ or TPEC for the
cPAHs being 22.66 mg/kg in this specified soil
sample from Bodo-city exceeds by far the method B
cleanup levels for BaP, i.e. 0.137mg/kg, which is
approximately 0.1mg/kg.

Total cPAHs
indeno(123cd)pyrene
Dibenzo(a,h)anthracene
Chrysene
Benzo(k)fluoranthene
Benzo(b)fluoranthene
Benzo(a)anthracene
Benzo(a)pyrene

Fig 1 Showing individual cPAHs and Total cPAHs (TcPAHs) in soil samples from Bodo-city
This implies that the cleanup level has not been met
for this specified soil sample in Bodo area, hence
massive cleanup and efficient remediation strategy
should be adopted. The primary occupation and
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economic activities of the inhabitants of this area are
severely affected as soil and surroundings Rivers are
polluted.
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Fig. 2. Representation of TPEC, TcPAHs, and tPAHs
Figure 2, shows the graphical representation of
TPEC, Total cPAHs and tPAHs. TcPAHs is more
than 2.4 times greater than TPEC and represents
about 5.04% of the tPAHs, while TPEC represents
2.08% of tPAHs of the site in question. The sites
.

TPEC is very high when compared some other and
earlier noted risk-based values like 0.33mg/kg for
MDNR (1993), 0.66mg/kg for New Jersey Register
and 0.1mg/kg for USEPA (1993b) cleanup levels for
BaP
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Fig. 3 Total cPAHs, TPEC and Method B-based standard
Figure 3 shows the graphical representations of
method B cleanup based standard of 0.137mg/kg
which was approximated to 0.1mg/kg, TPEC and
Total cPAHs. TPEC is 226.6 times higher than both
method B and the CAL-EPA (2005) risk-based
cleanup value of 0.1mg/kg while TcPAHs is 549.9
times higher than the method B and risk-based
cleanup value as indicated.
Conclusion Out of the seven cPAHs investigated only
three were detected namely; BaP, Dibenzo (a,h)
anthracene and Indeno (1,2,3-cd) pyrene with
*1

concentrations of 19.06 mg/kg, 6.67 mg/kg and 29.26
mg/kg respectively, their individual potency
equivalent concentration in soil in mg/kg are 19.06,
0.67 and 2.93 respectively. Benzo (k) Fluoranthene,
Benzo (a) Anthracene, Benzo (b) Fluoranthene and
Chrysene were not detected. This implies that the
TEQ or TPEC is 22.66 mg/kg and when correlated
with method B cleanup levels for BaP values of
0.137mg/kg, it suggests a massively contaminated
soil. This level of soil toxicity with respect to BaP
indicates the area should be declared a no-go area for
man and animals alike. The application of Dispersion
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by Chemical Reaction Technology should be
deployed in this area for total decontaminated and
detoxification of the area is highly recommended.
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