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Abstract

Background: Ecological risk assessment of the levels of polycyclic aromatic hydrocarbons in soils of the abandoned
sections of Orji Mechanic Village, Owerri, Imo State, Nigeria. The main objective of the study was to determine the lev-
els of soil contamination from polycyclic aromatic compounds (PAHs) due to anthropogenic events in the mechanic
village before reclamation.

Results: Analysis of soil samples revealed mean PAH levels ranging from 1.22E—02 £ 0.00 to 5.60E—02 4+ 0.01 mg/kg,
with higher PAH concentrations observed at 0—10 cm compared to other depths. The sum of PAHs (3_PAHs) ranged
from 1.58E—01 to 6.71E—01 mg/kg, as the sum of low molecular weight PAHs (>_LLPAHSs) varied from 7.16E—03 to
1-1.60E—01 mg/kg, while the sum of high molecular weight PAHs (3 _HPAHSs) ranged from 1.81E—02 to 5.42E—01 mg/
kg. The sum of carcinogenic PAHs (>-Carcino-PAHs) varied from 5.39E—01 to 9.74E—02 mg/kg, indicating elevated lev-
els of carcinogens in the sampled soils. Diagnostic ratio, principal component, and correlation analysis of the results
revealed that pyrogenic sources were primarily responsible for the observed PAHs owing to the activities of automo-
bile mechanics in the Orji Mechanic Village. Benzo(a)pyrene equivalent (BePeq) of the PAHs indicated high carcino-
genic potency for sample A. The total cancer risk was above 1 x 107, indicating a greater risk of cancer due to contact
with the contaminated soil samples; hence, the result of this study is a serious ecological concern.

Conclusion: There may be accumulation of these contaminants in the investigated area, which will eventually con-
taminate the groundwater as well as surface water resources. Remedial measures to prevent possible health problems
due to the PAHs which results from the activities of automobile mechanics are therefore recommended.
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Background

One of the most remarkable ecological contaminants
considered nearly as extensive as crude oil pollution in
most parts of Nigeria today is the unguarded disposal of
waste or used engine oil in the surroundings (Odjegba
and Sadiq 2002; Emoyan et al. 2020). Petroleum products
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like gasoline, lubricating oil, diesel, and others used fre-
quently in most automobile workshops may result in
extensive and inadvertent spills of these products in the
surroundings (Kidman and Boehlecke 2011; Muze et al.
2020). This may therefore lead to contamination of the
surroundings of most mechanic workshops by petroleum
hydrocarbons as well as polycyclic aromatic hydrocar-
bons. Some mechanics in automobile workshops discard
waste engine oils resulting from automobile maintenance
services within the surrounding environment (Ololade
2014). Besides indiscriminate spilling of used engine oil
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around most automobile workshops, additional contami-
nation may be due to mishandling of hydrocarbon prod-
ucts. This often happens when used engine oil is being
removed from vehicle engines during servicing and some
other repair works (Sharifi et al. 2007).

The Orji Mechanic Village, Owerri, accommodated
hundreds of mechanic and automobile workshops scat-
tered over the entire area before their eviction by the Imo
State Government, Nigeria, in 2017. However, some of
the automobile mechanics and other artisans are still in
some parts of the area to date. The mechanics and other
artisans engaged in automobile repairs frequently dispose
of or unintentionally discharged waste engine oils, lubri-
cants, as well as organic solvents which may enrich their
workshops and surroundings with petroleum hydrocar-
bon compounds (Obini et al. 2013). It has been reported
that waste oils and organic solvents used in most work-
shops constitute a major part of the hazardous con-
taminants usually released from automobile mechanic
workshops in most Nigerian cities (Iwegbue 2007; Ipeai-
yeda and Dawodu 2008). Spent or waste engine oil con-
tains a combination of diverse chemicals which include
petroleum hydrocarbon compounds, chlorodibenzo-
furans, chlorinated biphenyls, additives, decomposed
products, and metallic elements due to wearing of engine
parts (ATSDR 1997; Wang et al. 2018).

Spent engine oils migrate with ease into the soil, and
filtration of leachates from materials contained in waste
engine oil may pose serious threats to groundwater qual-
ity and the ecosystem (Olugboji and Ogunwole 2008).
The significance of polycyclic aromatic hydrocarbons
(PAHs) in the ecosystem is gradually attracting global
interest, more especially as soil constitutes an essen-
tial part of the surroundings (Wcisto 1998; Adeniyi and
Afolabi 2002; Dong and Lee 2009; Kwon and Choi 2014).

It is a well-documented fact that PAHs ranked 7th in
2005, in the biennial ranking of chemicals deemed harm-
ful which may pose the greatest possible risk to human
health (Christopher 2008). The activities of most automo-
bile mechanic workshops therefore pose a serious threat
to man and his environment (Duru et al., 2019; Ali et al.
2017). This could be due to the co-occurrence of hydro-
carbons and toxic heavy metals in most automechanic
contaminated sites (Duru et al., 2017; Muze et al. 2020).

Previous publications have reported the presence of
PAHs in mechanic villages and automobile workshops
(Ogoko 2014; Ekanem et al. 2019; Muze et al. 2020).
The six USEPA target PAHs including phenanthrene,
fluorene, benzo[a]anthracene, benzo[f]fluoranthene,
and benzo[y]fluoranthene, with concentrations rang-
ing from 0.0184+0.02 to 0.1385+0.2 mg/kg were
observed in Abakaliki automechanic village (Obini
et al. 2013). Result of PAHs and TPH ranging from 6.30
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to 7.40 mg/kg and 5120.50 to 24,902.23 mg/kg, respec-
tively, with elevated Pb, Hg, and Cd levels has also been
reported (Ogoko 2014). A related study noted that the
major source of the PAHs was due to pyrogenic sources
resulting from vehicular emissions, fossil fuel combus-
tion, as well as incineration of diesel oil, wood, and coal
(Emoyan et al. 2020). The effects of the activities of
automobile mechanics in the Niger Delta area of Nige-
ria revealed elevated levels of Pb, Cd, TPH, and some
PAHs (Muze et al.2020). Also, the total PAH concentra-
tions ranging from 0.47 to 14.85 mg/kg in soil samples
collected from some automobile workshops in Akwa
Ibom State, Nigeria, have been reported (Ekanem et al.
2019).

The need for this study became necessary owning to
the paucity of PAH data in the study area. There are few
documented studies on soil of this area, and these studies
reported heavy metals on the surface soil and in ground-
water sources (Duru et al. 2017; Duru 2019). There was
no reference to other contaminants such as PAHs, con-
sidered in the present study. Also, recycling of electronic
waste was a serious business in the area before the auto-
mobile mechanics were evacuated. Often the dismantled
components are burnt, which could lead to severe con-
tamination of the surrounding air, surface water, ground-
water, soil, and river sediments by organic contaminants,
such as PAHs, polychlorinated biphenyls (PCBs), and
polybrominated diphenyls ethers (PBDEs) (Yu et al
2006; Li et al. 2007; Opara et al. 2016; Njoku et al. 2016).
Besides, there is an urgent need to regularly assess the
level of contaminants in the area due to the activities
of the automobile mechanics and other artisans in the
area. Long-term exposure to these pollutants could lead
to severe problems such as brain dysfunction, cancer,
tumors, nervous system, and reproductive disorders in
humans and animals (Obidike et al. 2007; Kinawy 2009).

The ecological as well as human health risks of PAHs
are attracting serious concern due to their carcinogenic,
mutagenic, as well as its persistent characteristics (Peng
et al. 2011; Abdel-Shafy and Mansour 2016; Jia et al.
2017; Lasota and Bloniska 2018; Cao et al. 2019). The
importance of this study arises from the urgency to regu-
larly monitor PAH levels in work environments like the
mechanic villages and automobile workshops, where it is
believed that the mechanics come in contact with hydro-
carbon products as well as accidental spilling of these
products in the environment.

In 2017, the State Government ordered the auto-
mechanics and others involved in automobile repairs
within the Orji Mechanic Village to vacate the area
after almost thirty years of occupation of this area.
Also, government agencies have started erecting build-
ings within the environs of the evacuated portions of
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the mechanic workshops with the intention of setting
up schools and other residential houses in the area.

The dearth of data is on the impact of the activities
of automobile mechanic workshops in this area, before
the intended actions of the State Government call for
serious concern. Therefore, there is exigent need to
carry out assessment of the ecological impact of the
activities of auto mechanics in the mechanic village
after their exit from this area. This move is very urgent,
most especially now that the area is being conceived
to become a residential and primary school environ-
ment. Therefore, the present study is aimed at assess-
ing the levels of polycyclic aromatic hydrocarbons
(PAHs) from the soils of the evacuated sections of Orji
Mechanic Village, Owerri, Southeastern, Nigeria.

Methods

Study location

The reclaimed Orji automechanic village is in Owerri
North Local Government Area, which is among the
Local Government Areas, that makeup the capital of
Imo State. The area lies within longitude 7° 3’ 50" and
latitude 5° 31’ 39", at about 125.8 m above sea level,
covering an area of about 0.41 km? Activities in the
reclaimed automechanic village commenced in 1987,
with over 300 occupants, including automechanics
and other artisans engaged in automobile repairs and
maintenance.

Collection of soil samples

Soil samples were taken from the evacuated sections
of the mechanic village to have an overview of the level
of contamination by PAHs resulting from the activities
of automechanics in the study area before reclamation.
Soil samples were collected from two other locations
(more than 1 km away) considered free of activities that
could introduce hydrocarbon contaminants in the sur-
roundings to serve as control. The samples were col-
lected at three distinct depths: 0-10 cm, 10-20 cm,
and 20-30 cm represented by 1, 2, and 3 for samples
A-E and 1.1-2.3 for the control samples (CN). All
the samples were collected using stainless steel auger.
Duplicate soil samples were collected from each point
and homogenized to form representative samples.
Aluminum foil was used to wrap the soil samples and
labeled as A1, A2, A3, B1, B2, B3, C1, C2, C3, D1, D2,
D3, E1, E2, E3, CN1.1, CN1.2, CN1.3, CN2.1, CN2.2,
and CN2.3. A total of 21 soil samples were collected in
October 2019, and sample points were referenced using
Garmin GPSmap 76CSx as indicated in Fig. 1.
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Preparation of soil sample for PAH extraction

and separation

Irrelevant materials were separated from the soil sam-
ples and then air-dried at room temperature in an envi-
ronment devoid of contaminants. Pulverization of the
soil samples was achieved with mortar and pestle made
of porcelain and further sieved with 2-mm mesh. The
level of PAHs contained in the soil samples was extracted
according to standard procedures as described by previ-
ous publications (Paiga et al. 2012; Jiao et al. 2017; Eka-
nem et al. 2019). In other to remove moisture in the soil
samples, 10 g of each sample was weighed and mixed
with another 10 g of dried sodium sulfate. The blend was
mixed with surrogate standards containing 1.0 mL of
1-chloro-octadecane, 2-fluorobiphenyl, and 2,4,6-tribo-
rophenol and extracted with a mixture (1:1) of n-hexane
and dichloromethane (v/v) in a Soxhlet extractor for 17 h.
A rotary evaporator was used to concentrate the extract
to 25 mL.

Purification of the extract was achieved by passing it
through a 10-mm internal diameter and 250-mm-long
chromatographic column packed with glass wool. Two
grams of activated silica slurry in 10 mL dichlorometh-
ane was added into the column and little sodium sulfate
placed on top of the column and then rinsed with more
10 mL of dichloromethane. In total, 20 mL of hexane was
used to previously elute the column and allowed to drift
through the column until it is above the sodium sulfate
layer. Subsequently, 1 mL of the extracted sample was
introduced into the column from the extraction vessel
and rinsed again with 1 mL hexane poured into the col-
umn. A 10-mL cylinder was used to collect the eluates
when the stop cork was opened. About 1-2 mL of more
hexane was gradually added into the column until the
sodium sulfate layer was exposed to air as the fractions
exited the column. The collected eluates were concen-
trated using a rotary evaporator for PAH determination
(USEPA 1996a).

Determination of PAHs

The PAHs were determined in the extracts using gas
chromatography (GC) with mass spectrometer detec-
tor according to USEPA (United State Environmental
Protection Agency) method (USEPA 1996b; Sadler and
Connell 2003; Okparanma and Mouazen 2013; Hu et al.
2014). The PAHs contained in the extracts were quanti-
fied and identified by a Hewlett Packard (HP) 6890 GC
with HP 5MS. The instrument has a HP 5973 mass selec-
tive detector (MSD) and a fused silica capillary column
of film thickness 0.25 pm, 30 m and internal diameter
of 0.25 mm. The sample was introduced into the instru-
ment by splitless injection of 1pL of the extract observing
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Study map with sample points
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5-min solvent delay, maintaining the initial column tem-
perature of 50 °C for 4 min. Then, the temperature was
increased to 320 °C at a rate of 8 °C/min and held for
3 min, maintaining a temperature of 230 °C and 250 °C,
respectively, for injector and interface. Helium gas was
used as the carrier gas at a flow rate of 1 mL/min. Quan-
tification of the PAH levels in the sample was achieved by
the internal calibration method using a five-point calibra-
tion curve of the individual constituents.

Quality control

High-quality PAH standards (>97% purity) were sourced
from Sigma-Aldrich Chemie GmbH, Steinheim, Ger-
many, through Fin lab, Owerri. High-purity n-hexane,
dichloromethane, and analytical grade anhydrous sodium
sulfate (dried at 430 °C for 8 h using DHG-9023A, B.
Brans Scientific and Instrument Company, England) were
purchased from Chemisciences Nig. Ltd, Owerri. Double-
distilled water was produced with Eco-Still Mark, BSIC/

ECO-4 (Bhanu Scientific Instruments Company, India).
The glassware and sample containers were rinsed and
dried at 430 °C for 4 h in DHG-9023A (B. Brans Scientific
and Instrument Company, England). The soil samples
and other reagents were weighed with Shimadzu AW 320
analytical balance (Shimadzu, Japan). The extracts were
concentrated using a rotary evaporator (RE201) (Yamato
Scientific, Japan). Hewlett Packard (HP) 6890 GC (Agi-
lent technologies, USA) used for the determination of the
PAH content of the samples was installed with chemsta-
tion software for integration of the chromatogram.
Laboratory quality assurance was maintained through
standard laboratory procedures to ensure the integrity of
the analytical results. The laboratory instruments used for
the analysis were properly calibrated before being used
for the determinations. Accuracy and precision of the
analysis were ensured through duplicate analysis of the
samples against standard reference materials and blanks.
The quality control of each sample type contains over
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9.8% of the recovery matrix spikes with a relative devia-
tion matrix spike replicate ranging from 0.0 to 26.9%. The
limit of detection (LOD) was determined using a relative
value of three times the standard deviation of five dupli-
cate determinations. The LOD of the PAHs ranged from
2.0 x 107°-3.4 x 107° 2.0 x 107°-3.4 x 10™> mg/kg. The
chromatographic instrument used for the analysis has a
high instrumental detection limit with a minimum detec-
tion limit of 0.04 pg/L. Its accuracy is over 99.0% with a
precision of less than 8.0% (RSD).

Data analysis

The mean and the standard deviation of the analytical
data were computed using Microsoft Excel 2010. One-way
analysis of variance (ANOVA), Pearson correlation, and
principal component analysis (PCA) were carried out with
IBM SPSS version 20.0. One-way ANOVA at p<0.05 was
conducted in order to establish the level of variation in the
measured PAH concentrations in the soil samples. Pearson
correlation and PCA were used to further determine the
similarities or the dissimilarities in the source of occurrence
of the PAHs. The level of variation within each sample
point was determined using Eq. 1. Variation was catego-
rized according to previous publications (Njoku et al. 2016;
Opara et al. 2016). Health risk assessment was also carried
out to determine the tendency of cancer risk due to the
PAHs. Furthermore, the diagnostic ratio of the PAHs was
determined to characterize the source of contamination.

STD

X

where CV is the coefficient of variation, STD is the stand-
ard deviation, while 4 is the mean value.

Risk assessment

Carcinogenic potency of the study area

The PAHs are considered among the severe environ-
mental contaminants and have been classified into two
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where BePeq is benzo(a) pyrene equivalent. TEQF is the
toxic equivalent factor of the individual PAH, while PAH,
is the concentration of the PAHs (mg/kg) (Tsai et al.
2004; Hu et al. 2014).

Cancer health risk assessment

The tendency that residence of a contaminated environ-
ment could be predisposed to cancer risk when soil par-
ticles from such environments are ingested accidentally
has been reported in scholarly publications (Man et al
2013; Hu et al. 2014; Onyedikachi et al. 2019; Cao et al.
2019). The possibility of being affected by cancer, result-
ing from unintended contact with carcinogenic or muta-
genic substances, could be explained using cancer health
risk assessment (Li et al. 2014). Risk of unset of cancer
due to accidental or unintended intake of soil particles
could be through inhalation, dermal absorption, and
ingestion (Chiang et al. 2009; Tarafdar and Sinha 2017).
Health risk assessment of the frequency, intensity, and
overall level of exposure as well extent of interaction with
materials containing PAHs in the study area was estab-
lished according to USEPA (1991). The potential risk of
cancer resulting from exposure to PAHs in the investi-
gated soil samples was determined using the incremental
lifetime cancer risk (ILCR) method as described by previ-
ous publications (Hu et al. 2014; Man et al 2013; Ali et al.
2017; Tarafdar and Sinha 2017; Onyedikachi et al. 2019),
according to Eqs. 3-5.

BaPeq x RIXFE x DE x CF x OSF
BW x AT

Risking = 3)
where BaPeq is the benzo (a) pyrene equivalent of the
PAHs (mg/kg), RI is the rate of unintentional ingestion
of soil particles (mg/day), FE is the frequency of exposure
(day/year), DE means the duration of exposure (year),
BW is the average body weight of the exposed individual
(kg), AT indicates the averaged time of exposure (day),
and OSF means the oral slope factor of the PAHs (mg/
kg day) ™"

BaPeq x ESA x SAF x DAFXFE x DExCF x OSF x GIAF

(4)

Riskderm = BW x AT

groups of carcinogenic compounds. According to the
International Agency for Research on Cancer (IARC),
the PAHs could be likely human carcinogens (2A) and a
potential source of human carcinogens (2B) (IARC 2002).
Therefore, the carcinogenic effect linked to contact with
PAH may be estimated by determining the benzo(a) pyr-
ene equivalent (BePeq) of the individual PAH using Eq. 2.

BaPeq(mgkg_l) = Z(TEQF x PAH.) 2)

where ESA implies the exposed skin area to soil particles
(cm?/day), SAF is the skin adherence factor of the soil
particles (mg/cm?); DAF denotes the dermal absorption
factor, CF means the conversion factor, GIAF refers to
the gastrointestinal absorption factor (mg/kg day)

BaPeq x FE x ET x DE x IUR

Riskinh = PEE x ATX

(5)
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Table 1 Values of the parameters used for cancer health risk assessment
Parameters Unit Values for adult References
Rate of ingestion (RI) mg/day 100.00 USEPA (2011)
Exposed skin area (ESA) cmzday 3300.00 Hue et al. (2014)
Skin adherence factor (SAF) mg/cm? 0.20 Man et al (2013)
Frequency of exposure (FE) Days/year 312.00 Man et al (2013)
Duration of exposure (DE) Year 30.00 Cao et al. (2019)
Time of exposure (ET) h/day 8.00 Man et al (2013)
Averaging time (AT) Day (70 yrx365 days/yr) =25, 550 USEPA (2009)
Averaging time (AT) h/day 70 yrx 365 days/yrx 24 h USEPA (2009)
Oral slope factor (OSF) (mg/kg day)" 7.30 USEPA (2012)
Gastrointestinal absorption factor (GIAF) x (mg/kg day)~! 7.30 USEPA (2012)

(OSF)
Dermal absorption factor DAF (mg/kg day)~! 0.13 Man et al (2013)
Inhalation unit risk (IUR) (mg/kg day)™' 1.1%x10° USEPA (2012)
Body weight (BW) kg 60 Onyedikachi et al (2019)
Particle emission factor (PEF) m>/kg 136x 10° Wang et al. (2018)
Conversion factor (CF) kg/mg 1%x10° Man et al (2013)

where ET refers to time of exposure (h/day), IUR indi-
cates the inhalation unit risk (mg/m?)~!, AT implies the
averaging time (h); PEF is the particle emission factor
(m3/kg). The values of the parameters stated in Eqs. 3-5
are presented in Table 1.

Total carcinogenic risk

The total carcinogenic risk for the inhabitants was esti-
mated by the addition of the various pathways of expo-
sure to PAHs according to Eq. 6 (Chiang et al. 2009;
Tarafdar and Sinha 2017). Carcinogenic value>107° is
considered undesirable (Wang et al. 2011; Li et al. 2014).

Riskor = »  Risk = Risking + Riskerm + Riskinn
(6)

Results

Characteristics of PAH concentrations and analysis

The result of PAH concentrations recorded in the
study is shown in Table 2. A total of 14 PAHs were
observed for the points sampled, with mean con-
centrations ranging from 1.22E—02+0.00 mg/kg at
sample point E to 5.60E—02+0.01 mg/kg at sam-
ple point A (Table 1). In terms of depth, the PAH
concentrations generally decreased with increasing
depth (Fig. 2). It was observed that higher mean con-
centrations of the PAHs were recorded at 0-10 cm
compared to other depths (Fig. 2). The mean concen-
tration of PAHs observed at 0—-10 cm is as follows;
9.56E—02+0.05, 3.61E—02+0.01, 9.61E—02+0.03,
5.20E—02+0.04, 3.38E—02+0.02, 2.19E—-02+0.01,
and 6.53E—02+0.03 mg/kg, respectively, for Al, BI,

C1, D1, E1, CN1.1, and CN2.1 as presented in Fig. 2.
Individually, more concentrations of some PAHs were
recorded in the sample points than others as presented
in Fig. 3. Elevated Dbh levels were recorded in almost
all the sample points as indicated in Fig. 3. Similarly,
in terms of occurrence, it was observed that detection
frequency varied from 1% for Ant, Apt, and Pyr to 53%
for Dbh, also suggesting higher detection frequency for
Dbh (Fig. 4).

Table 3 shows the PAH (mg/kg dm) concentrations
associated with the study area. The PAH concentrations
showed trends from little variation (CV %<20) to high
variation (CV %>50). The coefficient of variation is in
the decreasing order CN2>E>C>D>CN1>B>A. Also,
one-way analysis of variance revealed significant varia-
tion (p <0.05) in the PAH concentrations recorded in this
study. Significant variations (p<0.05) in the concentra-
tions of PAHs were observed between different sample
points as well as different depths. The diagnostic ratio
analysis result of this study is presented in Table 4. This
revealed that diagnostic ratio values ranged from 0.08 for
Bbf/BKkf to 4.85 for Fla/Pyr. The PCA was used to evaluate
how the PAHs are grouped, which revealed the extent of
variation in the source of the PAHs. Table 5 is the result
of PCA showing the component matrix, initial eigenval-
ues, % cumulative, and the % variance, while Fig. 5 is the
pictographic representation of the PCA results.

The three principal components (PC) having initial
eigenvalues > 1.0 were rotated, which revealed that PC1
accounted for 36.560% of the variation, and 26.332% of
the variations were due to PC2, while 22.457% of the
variations resulted from PC3. The rotated component
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Fig. 3 Mean levels of the different PAHs recorded in the study area

matrix, therefore, indicated that the majority of the
PAHs are from similar sources of contamination as sug-
gested in Fig. 5.

To further establish that the PAH concentrations
recorded in the study were primarily due to anthro-
pogenic influence resulting from the activities of

automobile mechanics in the investigated mechanic vil-
lage, correlation analysis was conducted. Result of cor-
relation analysis of the PAHs at a significant level of 5%
is presented in Table 6. The result revealed mostly posi-
tive correlation among the PAHs as shown in Table 6.
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The carcinogenic potency was estimated as the BaPeq
(mg/kg) of the PAHSs according to Eq. 2, and the results
are presented in Table 7. The result indicated total
BaPeq (mg/kg) values ranging from 0.0775 for sample E
to 0.453 for sample A.

The result of carcinogenic risk analysis which was
determined according to Eqs. 3—5 is shown in Table 8.
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Discussion

The observed mean concentration of PAHs at 0—-10 cm
is in the order C1>A1>CN2>D1>B1>E1>CNI. This
suggests that elevated mean PAH levels were recorded at
C1 and A1l as well as CN1.1, indicating the presence of
increased PAH levels even in some unexpected areas like
the control. Increased PAH levels in such areas like the
control could be associated with so many factors. PAHs
are among the pollutants that are considered ubiquitous
in the environment (Tobiszewski and Namiesnik 2012).
They could be emitted from processes that occur natu-
rally such as volcanic eruptions, biomass combustion,
and diagenetic processes (Wang et al. 2011). Atmospheric
deposition could contribute to high PAH concentrations
in areas considered unpolluted by virtue of the economic
and other anthropogenic activities in such areas (Marr
et al. 2006; Tian et al. 2009; Opara et al. 2016; Njoku et al.
2016; Ibe et al. 2020). In addition, the low elevation of
the area (control) as well as high permeability and poros-
ity of the Benin Formation may have contributed to the
increased concentration of PAHs (Onyeagocha 1980; Ibe
et al. 2020; Ejiogu et al. 2019). Also, the elevated levels
of PAHs in the control may be linked to flooding in the
area due to the high intensity of rain events which causes
water overflow and heavy flooding resulting in substan-
tial leaching and eroding of topsoil particles containing

Table 3 PAHs (mg/kg) concentrations associated with the study area

Sample points  Min Max Mean STD %CV Y PAHs YLPAHs > HPAHs > Carc-PAHs >_COMB- PAHs
A 1.05e—-03  7.13E-01 560E—02  0.01 1341 6.71E—01 1.13E-01 542E-01 5.39E—-01 1.74E—01
B 1.06E—03  1.84E—-01 244E—-02  0.00 16.31 2.92E—-01 1.01E-01 1.53E-01 1.53E-01 1.13E-01
C 256E—-04  6.88E—01 427E—-02 002 4543 5.01E-01 1.60E—01 3.05E-01 3.05E—-01 7.80E—02
D 252E—-04 276E-01  224E-02 001 3487  223E-01 420E-02 1.72E-01 1.72E-01 8.38E—02
E 1.73E—04  1.75E-01 122E-02 000 4557 1.58E—01 418E—-02  9.74E—02  9.74E—02 521E-02
CN1 7.82E—05  1.39E-01 1.64E—02  0.01 3561 1.99E—-01 716E—03  181E—02 181E-01 1.19E-01
CN2 457E—-04  4.10E-01 386E—02 003 8834 441E-01 6.52E—02  3.55E-01 3.55E-01 8.73E—02

where the coefficient of variation (% CV), the sum of all the PAHs determined (3_PAHs), the sum of high molecular weight (4-6 rings) PAHs (>_HPAHs), the sum of low
molecular weight (2-3 rings) PAHs (3_LPAHs), the sum of combustible PAHs (> Comb-PAHs)—(Fla, Pyr, Ban, Chy, BKF, BbF, and Indp), and the sum of carcinogenic PAHs

(>-Carc-PAHs)-(Ban, Chy, BKF, BbF, Dbh, and Indp)

Table 4 Diagnostic ratio of the PAHs

A 1.36 042 1.88 0.67 0.77 0.72 0.26 0.208
B 290 033 4.85 0.18 0.19 2.69 039 0.660
C 3.00 0.25 0.83 045 0.90 0.08 0.16 0.525
D 0.91 0.52 2.04 0.67 0.64 1.56 3.76 0.244
E 1.95 034 4.92 0.33 0.1 320 0.33 0429
CN1 5.66 1.73E-3 191 0.66 0.17 1.68 0.60 0.396
CN2 0.13 0.59 2.84 0.74 0.17 117 0.19 0.184
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Table5 The rotated component
and loadings of PAH concentrations

matrix, eigenvalues,

Parameters Components
1 2 3

Eigenvalues 5352 3483 3114
Variance % 36.560 26332 22457
Cumulative % 36.560 62.892 85.349
Nap 0.921 —0.151 —-0.117
Apt —0.039 0.555 —0.147
Aph —0.007 —039%4 0.903
Flu 0310 —0.230 0.830
Phe 0.082 0.725 0.644
Ant 0421 —0.575 0411
Fla 0.405 0.863 0.061
Pyr 0816 0.285 0.375
Ban 0.886 —0318 0.052
Chy 0.562 0.780 —0.099
Bbf 0.870 0.384 —0.280
Bkf 0.956 —0.240 —0.127
Indp 0.168 —0.328 —0.823
Dbh 0.768 —0491 —0.250

Extraction method: principal component analysis

@ 3 components extracted

Component Plot in Rotated Space
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Fig. 5 Principal component plot in rotated space

deposited or accumulated PAHs (Chukwuocha et al
2017; Enyoh and Isiuku 2020). This results in eventual
distribution of the PAHs to the floodplains and other
areas having low elevation. The above-stated factors may
have influenced the PAH levels observed at the control.
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The concentrations of Dbh and other PAHs were found
to decrease with an increase in depth. Higher mean Dbh
levels were obtained in the study compared to other
PAHs. The mean PAH levels observed in the study is in
the order; Dbh>Indp>Aph> Apt> Flu>Phe>Fla>Ban
>Bbf>Chy>Nap >Bkf>Ant>Pyr. This suggests that a
higher mean concentration of Dbh was recorded in the
investigated area.

The observed increased detection frequency of
Dbh may be associated with its relatively high molar
mass (278.35 g/mol) and fairly low water solubility of
5.00E—4 mg/L (Hwang et al. 2003). A detection fre-
quency of 38% was reported for Dbh in soils of Taizhou
(Hu et al. 2014). The elevated mean concentration of Dbh
ranging from 0.045 to 0.514 mg/kg has been reported in
soils collected around a chemical plant in Shanxi, China
(Jiao et al. 2017). Also, high Dbh levels were reported in
soils and sediments in a related study in India (Tarafdar
and Sinha 2017). However, Phe (26%), Nap (24%), and
Ant (17%) were the PAHs with greater abundance in soils
of the Central Himalaya as reported by a previous study
(Bi et al. 2016).

The sum of PAH concentrations (3 PAHs) is shown
in Table 3. The results show that > PAHs ranged from
1.58E—01 to 6.71E—01 mg/kg, indicating that elevated
>_PAH value (6.71E—01 mg/kg) was recorded at point
A, possibly as a result of anthropogenic influence from
the automobile mechanics in the study area. Sum of low
molecular weight PAHs (Q_LPAHs) varied from 7.16E
to 03 mg/kg at CN1-1.60E—01 mg/kg at point C which
suggested that elevated low molecular weight PAHs (2-3
rings) were recorded at sample point C. It was observed
that the sum of concentrations of high molecular weight
(>"HPAHS) ranged from 1.81E to 02 mg/kg at control
point one (CN1) to 5.42E—01 mg/kg at point A. This
also revealed that elevated concentrations of 4—6 rings
PAHs were recorded at sample point A. Similarly, a high
concentration (1.74E—01 mg/kg) of combustible PAHs
(>-Comb-PAHs) which include Fla, Pyr, Ban, Chy, BKF,
BbF, and Indp was recorded at sample point A. At the
same point A, it was observed that the sum of concen-
trations of carcinogenic PAHs (3_Carc-PAHs) including
Ban, Chy, BKF, BbF, Dbh, and Indp varied from 5.39E—01
to 9.74E—02 mg/kg (Table 3). The reported PAH con-
centrations may be associated with the activities of
automobile mechanics in the study area. Reports have
shown that indiscriminate spilling of petroleum prod-
ucts around automechanic workshops due to automobile
repairs contributes to increased PAH levels in such envi-
ronment (Farombi et al. 2013; Obini et al. 2013; Nwoko
et al. 2017).



Ibe et al. Bull Natl Res Cent

(2021) 45:18

Table 6 Result of correlation analysis of the PAHs
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Nap Apt Aph Flu Phe Ant Fla Pyr Ban Chy Bbf Bkf Indp Dbh

Nap 1.000 —-0.172 —0.061 0284 —0.063 0.248 0.153 0553 0.963 0458 0.755 0.960 0.265 0.741
Apt 1000 —0336 —0053 0207 —0233 0373 0132 —018 0230 0324 —0119 0112 —0425
Aph .000 0.868 0318 0575 —0286 0220 0165 —0401 —-0411 —0032 —-0548 —0.035
Flu 1.000 0420 0493 —0.121 0426 0490 —0.122 —0031 0276 —0446 0027
Phe 1000 —0230 0676 0461 —0087 0591 0146 —0.175 —0726 —0461
Ant 1.000 —0.180 0518 0417 —0347 0.076 0454 —0.086 0.593
Fla 1000 0682 —0007 0897 0.663 0142 —0276 —0035
Pyr 1.000 0.548 0.599 0.735 0638 —0252 0463
Ban 1.000 0263 0629 0.950 0213 0.730
Chy 1.000 0.783 0361 —0.121 0.100
Bbf 1.000 0.778 0272 0.533
Bkf 1.000 0337 0.850
Indp 1000 0467
Dbh 1.000
Table 7 Carcinogenic potency of the PAHs in the study area
PAHs No of Rings TEQF (PAH, x TEQF)

A B C D E CN1 CN2
Nap 2 0.001 5.12E—05 7.03E—06 0.00 0.00 431E-06 3.88E—08 0.00
Apt 3 0.001 467606 565605 0.00 7.24E—05 8.56E—06 7.01E—09 0.00
Aph 3 0.001 4.98E—05 2.37E-05 243E-04 8.85E—06 3.30E—-06 7.55E—-07 4.27E—05
Flu 3 0.001 3.87E—05 2.38E—05 6.70E—05 1.936—05 7.04E—06 4.17E—-07 201E—06
Phe 3 0.001 141E—-05 5.14E-05 345E-05 6.68E—06 2.98E—-05 443E—-06 8.60E—06
Ant 3 001 1.04E—04 1.776—05 1.15E—04 7.33E—05 1.53E—05 7.82E—07 1.26E—04
Fla 4 0.001 12905 3.17E-05 3.72E-06 6.60E—06 1.576—05 3.75E-07 1.53E—05
Pyr 4 0.001 6.87E—06 6.54E—06 446E—-06 3.23E-06 3.19E—-06 1.96E—07 5.39E-06
Ban 4 0.10 422E-03 4.19E—04 981E—04 4.82E—04 1.38E—04 6.976—05 1.19E—04
Chy 4 0.01 1.25E—-04 1.82E—04 1.06E—05 2.74E-05 1.12E-04 3.36E—-05 5.90E—-05
Bbf 5 0.10 181E—03 1456—-03 2.56E—05 821E—04 6.44E—04 2.36E—04 8.15E—04
BKf 5 0.10 2.51E-03 5.39E—-04 3.09E—-04 525604 201E—04 1.40E—04 6.96E—04
Indp 6 1.00 5.63E—02 322E-02 9.56E—03 542E-02 1.21E—02 6.91E—02 444E-02
Dbh 6 1.00 3.88E—01 7.85E—02 1.01E-01 9.64E—02 6.42E—02 139601 2.88E—01
BaPeq (mg/ 4.53E—01 1.14E-01 1.12E-01 1.53E—01 7.75E—02 2.09E—-01 3.34E—-01

kg dm)

Table 8 Carcinogenic risk assessment

Sample points  Riski,q Riskinp Riskge,m  Total cancer risk
A 137E—04 447E-22 1.18E—04 2.55E—04
B 3.05E—04 123E—22 296E—05 3.35E-04
C 339E-05 1.11E=22 291E-05 5.90E—04
D 464E—05 151E—22 3.98E—-05 8.62E—-05
E 235E-05 7.65E—23 201E-05 436E-05
CN1 6.33E—05 2.06E—22 543E—05 130E—-04
CN2 1.02E—-04 329E—-22 8.68E—-05 1.89E—04

The mean PAH concentrations of the present study
compared to related studies in Nigeria revealed that
higher PAH values were reported by Obini et al. (2013),
Ogoko (2014), and Ekanem et al. (2019), while compara-
ble values were reported by Muze et al. (2020). The con-
centration of PAHs reported in the present study was
lower than 1000 pg/kg recommended for soil cleanup by
the Department of Petroleum resources, Nigeria (DPR
2002). Similarly, PAH values in the present study were
within the allowed limits of 1000 pg/kg, 1500 pg/kg, and
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5 mg/kg stipulated guidelines for soil cleanup by Den-
mark, Netherlands, and Australia, respectively (ANZECC
2000; MHSPEN 2000; DEPA 2002).

Characterization of the source of PAHs in soil samples
Diagnostic ratio of the PAH concentrations

The use of diagnostic ratios in the analysis of PAH con-
centrations to reveal intra-source variation as well as
similarities in the polluting sources has been docu-
mented (Galarneau 2008; Jiao et al. 2017). It is widely
applied to establish anthropogenic influence in the levels
of PAHs in the environment (Yunker et al. 2002; Suman
et al. 2016). There is a little discrepancy associated with
the application of diagnostic ratio in PAH profile analysis
due to some uncertainties (Muze et al. 2020). However,
the distinction between emissions due to gasoline and
diesel combustion has been established via PAH diag-
nostic ratio (Ravindra et al. 2008). Environmental con-
tamination resulting from diverse products from crude
oil processing as well as biomass combustion events such
as grass, savanna, and bush fires has been distinguished
with PAH diagnostic ratios (Yunker et al. 2002). It is a
very useful technique used in PAH emission source iden-
tification in different environments (Manoli et al.2004;
Tobiszewski and Namiesnik 2012; Onyedikachi et al.
2019).

According to Table 4, the low molecular weight PAH
compounds (LPAHs) containing 2—3 ring PAHs are pos-
sibly due to natural processes or petrogenic origin, while
the HPAHs (high molecular weight PAH compounds)
which contain 4-6 rings PAH usually result from pyro-
genic sources (Mastral and Callen 2000). The HPAHs
constitute about 73.50% of the overall PAH concen-
trations in the soil investigated. The ratio (3"LPAHs)/
(>_HPAHS) was all less than < 1, suggesting that the PAHs
were of pyrogenic origin. Also, the ratio of the sum of
combustible PAHs to the sum of total PAHs (>_Comb)/
(>_PAHs) was all less than one, except in sample D that
was 3.76, which further indicates that fossil fuel combus-
tion was the major source of the observed PAH levels in
the soils studied (Crnkovié et al. 2007). It was observed
that the ratio of Phe/Ant was all less than ten (< 10), sug-
gesting pyrogenic sources. This also indicates that the
PAH concentrations result from the use of hydrocarbon
products in the study location, which arises primarily
from the activities of automechanics in the mechanic vil-
lage. Similarly, the ratio of Fla/Pyr revealed values that
were all greater than one (>1) in all the samples, which
suggests that the PAHs result from the combustion of
hydrocarbon products (Essumang et al. 2011). However,
Fla/(Fla+ Pyr) ratio indicated that both petrogenic and
pyrogenic sources as well as combustion of grass, wood,
and coal may have contributed to the level of these PAHs
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(De La Torre-Roche et al. 2009). Also, the results of the
ratio of Ban/(Ban+ Chy) suggest that petrogenic sources
and vehicular emissions contributed to the levels of PAHs
in the investigated mechanic village (Pies et al. 2008). In
addition, the ratio of Ant/(Ant-+ Phe) was all less than
one (< 1), which was an indication of petrogenic source of
PAH emission (Akyiiz and Cabuk 2010). Contrarily, the
ratio of Bbf/Bkf is suggestive of the fact that apart from
petrogenic and pyrogenic sources, other sources like alu-
minum works may have added to the observed levels of
PAHs as revealed by sample B (Table 4) (Tobiszewski and
Namiesnik 2012).

Principal component analysis (PCA)

It could be concluded from the PCA results (Table 5 and
Fig. 5) that apart from Phe in PC2, Aph and Flu in PC3,
all other PAHs including Nap, Apt, Ant, Fla, Pyr, Ban,
Chy, Bbf, Bkf, Idp, and Dbh are due to similar sources of
contamination. This is in agreement with the diagnostic
analysis which suggested that the PAHs were of pyro-
genic origin, primarily as a result of anthropogenic influ-
ence due to the presence of the automobile mechanics in
the Orji Mechanic Village.

Previous reports indicated that Chy, BbF, Indp, and
Dbh are major indicators of PAH emissions associated
with fossil fuel combustion in automobile engines (Guo
et al. 2003; Dallarosa et al. 2008). Ban and Indp are the
primary compounds that indicate combustion of kero-
sene and gasoline in internal combustion engines, as well
as combustion of natural gas (Lim et al. 1999). Fla and
Pyr are the major PAHs that result from the straw com-
bustion (Jenkins et al. 1996).

Correlation analysis

The result (Table 6) revealed mainly strong positive cor-
relations among the PAHs. Nap exhibited a strong posi-
tive correlation with Bkf (r=0.960)>Ban (r=0.936) >,
Bbf (r=0.755) > Dbh (r=0.741) > Pyr (r=0.553). A strong
positive correlation was observed between Aph and Flu
(r=0.868), Ant (r=0.575), while it had a strong negative
correlation with Indp (r=— 0.548). Similarly, Phe exhib-
ited a strong positive relationship with Fla (r=0.676),
Chy (r=0.591), while it had a strong negative correlation
with Indp (r=—0.548). Pyr displayed a strong positive
correlation with most of the PAHs Bbf (r=0.735) > BKf
(r=0.638) >Chy (r=0.599) > Ban (r=0.545). In the same
way, Fla displayed a strong positive correlation with
Chy (r=0.897) > Pyr (0.682) >Bbf (r=0.663), Ban corre-
lated strongly with, Bkf (r=0.950) > Dbh (r=0.730) > Bbf
(r=0.629). Also, Ant had a strong positive correlation
with Pyr (r=0.682) and Dbh (r=0.593). Furthermore, a
strong positive relationship was observed between Chy
and Bbf (r=0.783), Bbf and Bkf (»r=0.778) and Dbh
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(r=0.533), Bkf and Dbh (r=10.850). The observed strong
positive correlations suggested similarity in the source of
the PAHs which is as result of automobile repair events
in the investigated mechanic village.

Health risk assessment
The result of carcinogenic potency as presented in
Table 7 revealed BaPeq values in the decreasing order
of A>CN1>CN2>D>B>C>E. This indicates elevated
carcinogenic potency for sample A with sample E show-
ing the least carcinogenic potency. The observed BaPeq
values are indications that there could be a serious health
risk for the inhabitants of the study area. Result of carci-
nogenic risk analysis (Table 8) indicated that cancer risk
of the PAHs arising from ingestion of the soil particles
ranged from 2.35E—05 in sample E to 3.05E—04 in sam-
ple B. Risk of cancer to human as a result of inhalation
of the dust particles ranged from 7.65E—23 in sample E
to 4.47E—22 in sample A. Also, the risk of cancer result-
ing from dermal contact with the soils containing these
PAHs ranged from 2.01E—05 in sample E to 1.18E—04
in sample A. In all, it was observed that samples A and B
have the highest carcinogenic risk as indicated in Table 8.
Furthermore, the total cancer risk is also presented
in Table 8. It was estimated according to Eq. 6. The life-
time cancer risk could be described using numerical
values as suggested by the New York State Department
of Health (NYS DOH 2012). The risk is considered very
low cancer risk when the risk value is<107° to<107%,
moderate cancer risk (10~*<to<1073), high cancer risk
(107°<to<107%), and very high cancer risk (>107%)
(NYS DOH 2012; Tarafdar and Sinha 2017). The results
shown in Table 6 for the total cancer risk were all above
107%, which is an indication of the possibility of cancer
risk (Hoseini et al. 2016). The results suggested that the
investigated section of Orji Mechanic Village posed a
moderate cancer risk to the inhabitants of the study area.
Therefore, there is a need for the regulatory agencies to
intensify efforts to lessen the risk of these environmental
contaminants in the study area.

Conclusion

The ecological assessment of polycyclic aromatic
hydrocarbon in soils of the abandoned sections of Orji
Mechanic Village, Owerri, Imo State, Nigeria, was inves-
tigated. The study revealed the presence of polycyclic
aromatic compounds (PAHs) in all the sampled soils
including the control samples. The results suggested that
Dbh showed the highest percentage (53%) of occurrence
in all the sampled soils. However, elevated concentra-
tions of the PAHs were observed in the topsoil (0-10 cm)
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compared to samples collected from other depths (10—
20 cm and 21-30 cm).

The diagnostic ratio, PCA, and correlation analysis
indicated that pyrogenic sources were responsible for
the observed level of the PAHs, likely due of automobile
repair and other services rendered in the mechanic vil-
lage. This mainly results from the spilling of petroleum
products during automobile repair and maintenance in
the area. The BaPeq values are in the decreasing order
of A>CN1>CN2>D>B>C>E. This indicates elevated
carcinogenic potency for sample A. The result of carci-
nogenic risk analysis revealed that samples A and B had
the highest carcinogenic risk. Similarly, the total cancer
risk was above 107%, which is an indication of a greater
risk of cancer due to contact with the contaminated soil
samples; hence, the result of this study is a serious eco-
logical concern. There could be a buildup of these poly-
cyclic aromatic contaminants in the study area, which
may eventually contaminate the groundwater as well as
nearby surface water resources in the area. Therefore,
there is a serious need to frequently monitor activities
in the study area to avert possible health challenges that
may arise from increased levels of the PAHs resulting
from the mechanics during automobile maintenance or
servicing in the area. Also, serious regulations should be
enacted to assist in the control of activities of automo-
bile mechanics in the automobile repair workshops and
mechanic villages to lower contamination of the environ-
ment with PAHs.
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