PHYSICOCHEMICAL AND POLYCYCLIC AROMATIC HYDROCARBONS
(PAHs) ANALYSIS IN SOIL AND SEDIMENT
FROM VICINITY OF IKOT AKPADEN, AKWA IBOM STATE, NIGERIA

ABSTRACT

The study was undertaken to determine the levels of 16 priority PAHSs in soil"and sediments
from some vicinities of Ikot Akpaden, Mkpat Enin. The soils were prepared using standard
procedure in the laboratory and analyzed for 16 US EPA priority. PAHs using Gas
Chromatography-Mass Spectrophotometer (GC-MS). The soil samples were obtained from
two sampling sites at lkot Akpaden (Site A and C). Site C:showed minimal PAHs
concentration while site A recorded PAHSs levels ranging from0.01 to 4.25 mg/kg. According
to European commission, the PAHs concentrations in soil samples of this study are moderate,
but deleterious over time. The soils were negatively affected more with low molecular weight
PAHSs than High Molecular Weight PAHs.This study revealed that the sampling sites had low
carcinogenic burden, hence would exhibit moderate adverse health effects to plants and
animals. It was concluded that automobile repair activities in site A contributed to the soil

contamination with PAHSs; hence:it should be properly sited.
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1. INTRODUCTION

“Polycyclic aromatic hydrocarbons (PAHS) can be widely found in the environment mainly
due to long term anthropogenic sources of pollution. The inherent properties of PAHS such
as heterocyclic aromatic ring structures, hydrophobicity and thermo stability have made them
recalcitrant and highly persistent in the environment. PAHS pollutants have been determined
to be highly toxic, mutagenic, carcinogenic, teratogenic, and immunotoxicogenic to various



life forms. Rapid industrialization and urbanization have resulted in numerous anthropogenic
activities, which have led to the random discharge of various pollutants into the environment”
(Ubong et al., 2015; Mojiri et al., 2019). According to the United Nations Environmental
Programme, the pollution of environment by PAHs is a serious environmental issue
especially by automobiles.

“The PAH pollutants are ubiquitous and found equally in aquatic and terrestrial ecosystems,
as well as in the atmosphere” (Adeniji et al., 2019). “The rate of deposition of PAHS was
found to accelerate in the soil/sediments due to their higher hydrophobicity and low aqueous
solubility. They are strongly absorbed onto soil particles, and therefore, the soil ecosystem
becomes an ultimate sink for PAHs” (Lu et al., 2011; Kuppusamy et al., 2017). “Soil PAH
pollution can be classified into three categories, namely; Unpolluted (SPAH<200ng.g™),
weakly polluted (XPAH 200<600 ng.g™), and Heavy polluted (YXPAH>1,000 ng.g')” (Wu et
al., 2019). PAH

“Pollution, either directly or indirectly, is strongly affecting the health and wellbeing of
humans, along with other organisms across the planet” (Etesin et al., 2015; Garcia-Sanchez et
al., 2018; Ubong et al., 2020). “Sediments and soils are the main sinks for PAHSs in the
environment and could contain about 90% of these compounds with longer half-life than the
atmosphere or in plants” (Fishnet et al., 2006). “This is because they are absorbed strongly to
the organic fractions of sediments and soils” (Oluseyi et al.;;:2003). The aim of this study is to
determine the physicochemical parameters and the levels of PAHSs in soils and sediments
within the vicinity of Ikot Akpaden, Akwa Ibom State, Nigeria.

2. MATERIALS AND METHODS
2.1 Sample Location

The study area was Ikot Akpaden automobile repair workshop located at Ikot Akpaden
junction and Akwa Ibom State University, kot Akpaden campus.
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Figure.1: location of sampling points of Ikot Akpaden Vicinity on the study map



Table 1: Coordinates of the Sampling Locations

Sampling Location Site code Latitude Longitude

sites (North) (East)

A Automobile Repair As 04°37°26.1" 007°45°50.4"
Workshop, Ikot A 04°37°26.7 007°45°51.0"
Akpaden junction. A, 04°37°26.7  007°45°51.0”

C The School Ci 04°37°19.7" 007°45°51.6”

(Control) premises (AKSU) C, 04°37°20.0" 007°45’51.9”

Cs 04°37°20.0’ 007°45°51.6"
2.2 Sampling

Three samples were collected at different sites to make a composite sample within the
vicinity of an automobile repair workshop as site A and the school premises as Site C
(control) in Ikot Akpaden at the depth of 0-15 cm The two sites are indicated in table 1. The
soil samples were collected in January, 2022 between the hours of 2-4pm using stainless hand
held augar and were wrapped with a cleaned, labeled aluminum foil. Samples were
transported to the“laboratory and air dried at room temperature for 7days according to
standard analytical proceduredescribed by Ekanem et al. (2019)

2.3 Sample Preparation

10 g of each of the three samples from a particular site was weighed into a porcelain mortar
(to obtain a homogenized sample) and was pulverized thoroughly with 10 g of anhydrous
sodium sulphate (Na,SOa4). The pulverized soil sample was poured into an extraction thimble
ready for extraction. (Ubong et al., 2020)



2.4 Physicochemical Analysis

The Physicochemical parameters determined in the samples are; temperature, pH, salinity,
electrical conductivity and total dissolved solids (TDS). 10 g of each of the three sample
points from site A and C were weighed and pulverized thoroughly to obtain an homogenized
sample of A and C respectively and was transferred into a beaker. 59 ml of deionized water
was added and allowed for 30 minutes to equilibrate (Ubong et al., 2015; Etesin et al., 2017)

Conductivity meter with dual purposes was used to determine electrical conductivity later
switch over for the determination of other parameters in the solution using standard analytical
methods (Ubong et al., 2015)

2.5 Solvent Extraction

“10 g of the soil sample in triplicate was weighed and-mixed with 10g of anhydrous sodium
sulphate (Na,;SO,), and then ground using porcelain. mortar and.pestle until homogeneous
powder was obtained. The powdered samples. were transferred into soxhlet thimble then
placed in a round bottomed flask before connecting to soxhlet setup. The soxhlet extraction
was done using 200 cm®of acetone and-dichloromethane (in the ratio of 1:1) at 65°C. The
extract was allowed to cool after complete extraction” (Ikpe et al., 2022; Ubong et al., 2023)

2.6 Sample Clean-up

“The concentrated. extract was. cleaned off the interfering compounds using Column
Chromatography. The Chromatographic column (2 cm internal diameter and 10cm long) was
packed with 5 g activated Silica gel (60-120 merge size) followed by 2 g of anhydrous
sodium. sulphate. The column was preconditioned with 10 ml of n-hexane followed by 10
cm’of dichloromethane. The extract was added into the column and was first eluted with 10
ml n-hexane to remove saturated hydrocarbons which was subsequently discarded. This was
followed by the addition of 10 mi dichloromethane to elude the PAHs” (Ikpe et al., 2018)

2.7 Table 2: GC- Analysis

Gas Chromatograph HP6890 Powered with HP Chem.
station Software
Injection mode Split

Split ratio 20:1



Carrier gas Helium

Inlet temperature 270°C

Final temperature 320°C

Column type HP5

Column dimension 30mX0.25mmX0.25mm

Oven program
Initial tempt. at 650C for 30mins, Ramp at

10.10mins
Detector Mass Spectrometer
Detector temperature 320°C
Carrier gas Helium @30.0pSi
Injector Auto sampler (ALS)
Injection volume 1UI
Transfer line temperature 280°C

MS ACQUISITION PARAMETER

Acquisition mode Selective lon Mode (SIM)
Mass range  128-202amu (Group 1-12)
Dwell time  25Seconds

Resulting 1694.1

3. RESULTS AND DISCUSSION

3.1  Physicochemical Parameters of Soil

The results of the physicochemical parameters determined in the study include; temperature,
pH, electrical conductivity, salinity and total dissolved solids as given in Table 3.
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Table 3: Values of physicochemical parameters of soil in Site A and Site C (control)

Site Temperature Salinity EC (uS/em) TDS (mg/L) pH
(‘C)
(%)
A 27.8 0.00 18.91 945.0 7.4
C (control) 28.2 0.10 31.3 15.71 7.3
FEPA 40.0 _ 4.00 2000 7.0
standard

3.1 Temperature

There were significant differences in the temperature of the two sites. The temperature of site
A and site C (control) were 27.8°C and 28.2°C respectively. The temperature recorded in both
sites correlate with Alkali et al. (2011). The temperatures of the two sites were slightly
different from the FEPA standard.

3.2 Salinity

The salinity values of the soil'samples were 0.10% and 0.00% respectively indicating low
salinity status of the soil. High salinity decreases plant growth and water quality resulting in
lower crop yields. It kills plants, leaving bare soil that is prone to erosion (Etesin et al., 2017)

3.3 Electrical Conductivity

The EC of the soil samples ranged from 18.91 to 31.3 (uS/cm). The conductivity of the soil
samples showed a greater difference when compared to FEPA standard. In a similar study;
Shivanna & Nagendrappa (2014), found that the soil EC ranged from 0.26 d/sm to 0.485d/sm
indicating low salinity status.



3.4 pH

Highest value of pH was recorded at Site A and lowest at Site C. The pH of the soil sample
ranged from 7.3 to 7.4 and slightly alkaline. The pH values obtained in this study corresponds
to those reported by Shivanna & Nagendrappa (2014). In a similar study in Nigeria, Osakwe
& Okolie (2015) found that the soil pH had a mean value of 5.15+0.48. According to Sanchez
(1976) and Yerima & Van Ranst (2005), “in soils where pH in water is higher than pH in
KCI, the exchange complexes of such soils are dominated by negatively charged colloids and
as consequences, cation exchange capacity prevails”. “Soil pH plays a great role in the
occurrence of some mangrove species such as Nypa palms” (Tening et al., 2013). According
to Akoto et al. (2008) “the deviation from the natural background pH level of 7.0 is:attributed
to the presence of dissolved carbonates and bicarbonates, which are known to affect pH of
most surface water”. “The pH values were within the WHO"and USEPA recommended
guideline for water courses standards of 6.5 to 8.5” (USEPA,:2005; WHO, 2008).

4.1.5 Total Dissolved Solids (TDS)

There was a notable significant difference between the values of TDS in both sites with site A
recording 945mg/L and site C 15.71 mg/L. Similar-study carried out by Alkali et al. (2011)
showed higher values (542.47 to 1538:50 mg/L) than what is reported in this work. Ftsum et
al. (2015) in Elala River, Ethiopia showed TDS values ranging between 700 to 1328 mg/L
which were equally higher.

4.2 Concentrations'of PAHs in Soil

The concentrations-of the 16 priority PAH components (mg/kg) in the soil samples collected
from lkot Akpaden automobile repair workshop are presented in Table 4. The GC-MS
fingerprints confirming the presence of these analyte in the samples are shown in Figs. 2-3.

The 16 priority PAHs recommended by WHO and USEPA were found present at site A
except for anthracene, fluoranthene, benzo(a)anthracene, chrysene and indeno (1,2,3-
cd)perylene which were either non-existent or below detection limit. The average PAHSs level
varied from a minimum of 0.01 mg/kg to a maximum of 4.25 mg/kg (Table 4).

Spatially, the highest PAHs concentrations were recorded at site A (4.53 mg/kg). Site Ais an
automobile workshop with a high incidence of careless discharge of automobile effluents,
like used engine oil and petroleum products; this may have led to the introduction of PAHs
and other petroleum hydrocarbons into the soil.



Table 4: Concentration of 16 priorities PAH components assayed in the soil samples.

PAH COMPONENT (MG/KG) SITEA SITEC
4.25 nd
Naphthalene
Acenaphthylene 0.03 nd
Acenaphthene 0.01 nd
Fluorene 0.05 nd
Phenanthrene 0.07 nd
Anthracene nd nd
Anthracene nd nd
Fluoranthene nd nd
Pyrene 0.03 nd
Benzo(a)anthracene nd nd
Chrysene nd nd
Benzo(k)fluoranthrene 0.02 nd
Benzo(b)fluoranthrene 0.01 nd
Benzo(a)pyrene 0.02 nd
Indeno(1,2,3-cd)perylene nd nd
Dibenzo(a,h)anthracene 0.02 nd

Benzo(g;h,1)perylene 0.02 nd
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Fig. 3: PAHs in site C

Comparism of the total concentration of PAHSs in site A was higher than in site C.

This may_be attributed to the minimal industrial activities in the site C, which is situated in
the Ikot Akpaden campus of Akwa Ibom State University. However, the level of PAHSs in site
A are inwvariance with values in several reviewed literature. It was reported (Niewoudt et al.,
2011) that the values of PAHSs in soil in industrial, residential and agricultural areas of central
South Africa ranged from 44 ng/g to 39000ng/g. This range of values is lower than the result
of the present study.

However, higher values of PAHs (584.44 pg/g) in soil were recorded in Sapele municipality,
Nigeria (Situma 2010); Balogun-Birro dumpsite, Nigeria (Emoyan et al., 2015) indicated a
PAH concentration of 5.6491 mg/kg. Generally, the PAHSs in soil of site A are higher than
WHO standard of 4 mg/kg. According to the European commission classification system of
soil contamination, £16 priority PAHs < 0.20 mg/kg show no contamination, 0.20-0.60
mg/kg corresponds to weak contamination, 0.60 - 1.0 mg/kg corresponds to moderate
contamination and >1.0 mg/kg indicates heavy contamination. Following this classification, it
can be said that the soil in this study area is moderately contaminated. The lower molecular



weight PAHs (LMW PAHSs) were generally present in lower Concentration in all the two
sites except Naphthalene at site A.

“Higher molecular weight PAHs (HMW PAHSs) were well distributed in site A. Naphthalene
had the highest total concentration in all the samples. Fluoranthene had the lowest
concentration among all the HMW PAHS in site A. The less volatile, high molecular PAHs
tend to bind more tightly to soils posing a remediation challenge” (Morillo et al., 2007). This
observation is contrary to the results obtained by Adedosu et al. (2015); who found that
higher molecular weight PAHs were more dominant in the soil sample investigated.

The International Agency for Research on Cancer (IARC) and United States

Environmental Protection Agency (US EPA) reported Benzo(a)anthracene (BaA); Chrysene
(Chr), Benzo(b)fluoranthene (BbF), Benzo(k)fluoranthene (BKF), Benzo(a)pyrene (BaP),
Indeno(1,2,3-cd)pyrene (IcdP), Dibenzo(a,h)anthracene (DbA) and ' Benzo(ghi)perylene
(BghiP) as possible human carcinogens.

PAHSs in soil are taken up by plants in the vicinity, whichare eventually consumed by
humans. It has been stated that PAHs in human leads to:several health problems, with the
most serious effect being its carcinogenicity (Ekanem et al., 2019) Therefore, it is importance
to constantly monitor the levels of PAHSs in soil and sediment to safeguard human health.

4. CONCLUSION

The overall trend. in the levels of physicochemical parameters show the pH, conductivity,
temperature, TDS were within those recommended by FEPA. From the study, the levels of
PAHs varied between the two sampling sites under investigation. Out of the 16 priority PAHs
analyzed, it is worth noting that anthracene, fluoranthene, benzo(a)anthracene, chrysene and
indeno[1,2,3cd]perylene were not detected in both sampling sites. The levels of PAHs were
significantly higher in site A compared to those at site C. Fig. 3 reveals that the sample site A
(automobile repair workshop) had the highest carcinogenic burden and hence it is said to
have a risk of long term adverse health effect.



REFERENCES

Adedosu, T. A., Omotayo, K. A., & Omolola, H. A. (2015). Distribution, Sources and
Toxicity Potentials of Polycyclic Aromatic Hydrocarbons in Soils around the Vicinity
of Balogun-Birro Dumpsite of Oshogbro, Nigeria. Malaysian Journal of Analytical
Sciences,19: (3), 636-648.

Adeniji, A., Okoh, O., & Okoh, A. (2019). Levels of polycyclic aromatic hydrocarbons in the
water and sediment of Buffalo River Estuary, South Africa and their health risk
assessment. Arch. Environ. Con. Tox. 76, 657— 669.

Akoto, O., Bruce T., & Darko G. (2008). Heavy Metals Pollution Profiles in Streams Serving
the Owabi Reservoir. African Journal of Environmental Science and Technology, 11:
354-3509.

Alkali, N. M., Nyongesa, N. D., Masinde, E. & Milma, J. B. (2011). Effluent Discharge by
Sugar Company in Kenya: An Empirical Investigation of the Pollution of River
Nzoia. Sacha Journal of Environmental Studies,1:(1), 130.

Ekanem, A.N., Ikpe,E.E.,.Ekwere , 1(2019) Assessment of polycyclic aromatic hydrocarbons
level in soils around automobile workshop within'Eket metropolis, Akwa Ibom
State,Nigeria. International journal of research and scientific innovation (1) 102-107.

Emoyan, O. O., Akporhonor, E: E., Agbaire, P. O. & Akporido, S. O. (2015). Concentration
Characteristic of Polycyclic Aromatic:Hydrocarbons (PAHS) in Depth-Wise Soils,
Sapale, Nigeria. International Research Journal of Public and Environmental Health,
2: (6), 70-79.

Etesin,U.M.,Ite,A.E.,Harry, T.A.,Bassey,C.E., Nsi,E.W (2015)Assessment of Cadmium and
lead distribution in the outcrop rocks of Abakiliki anticlinorium in the southern Benue
Trough,Nigeria. Journal of environmental pollution and human health3(3),62-69.

Etesin, U.M,, Ite, A.E., Ukpong, E.J.,Ikpe E.E., Ubong,U.U, Isotuk,l.J. (2017)Comparative
assessment of iodine content of commercial table salt brands available in Nigerian
market. American journal of hypertension research 4 (1) 9-14

Fisner, M., Satie, T., Fabiana, M., Marcia, C. & Alexander, T. (2006). Polycyclic Aromatic
Hydrocarbons (PAHS) in Plastic Pellets; Variability in the Concentration and
Composition at Different Sediment Depths in a Sandy Beach. Marine pollution
bulletin 70: 219-226

Ftsum, G., Abraha, G. & Amanual, H. (2015). Investigationn of Physico-Chemical
Parameters and its Pollution Implication of Elala River, Mekelle, Tigray, Ethiopia.
Momona Ethiopian Journal of Science,7:(2), 240-257.

Garcia-Sanchez, M., Konag, Z., Mercl, F., Aranda, E., & Tlusto$, P. (2018). A comparative
study to evaluate natural attenuation, mycoaugmentation, phytoremediation, and



microbial-assisted phytoremediation strategies for the bioremediation of an aged
PAH-polluted soil. Ecotoxicol. Environ. Saf. 147, 165-174.

Ikpe.E.E.,Ubong,U.,Archibong,U (2022) Proximate analysis, heavy metals and total
hydrocarbon content of Callinectes sapidus obtained from Ibaka, Akwa Ibom
State,Nigeria. REJOST.32-43.

Ikpe, E.E.,Ekanem,A., Akpakpan,A (2018) Evaluation of levels of petroleum hydrocarbon in
water, fishes and plant from pond and well in Oghara community in Delta State,
Nigeria.Asian journal of physical and chemical sciences. 5(3), 1-9

Kuppusamy, S., Thavamani, P., Venkateswarlu, K., Lee, Y. B., Naidu, R., & Megharaj, M.
(2017). Remediation approaches for polycyclic aromatic hydrocarbons (PAHS)
contaminated soils: technological constraints, emerging trends and future directions.
Chemosphere 168, 944-968.

Lu, X. Y., Zhang, T., & Fang, H. H. P. (2011). Bacteria-mediated PAH degradation in soil
and sediment. Appl. Microbiol. Biotechnol. 89, 1357-1371.

Mojuri, A., Zhou, J. L., Ohashi, A., Ozaki, N., & Kindaichi, T.(2019). Comprehensive
review of polycyclic aromatic hydrocarbons in water sources; their effects and
treatments. Sci. Total Environ. 2019:133971.

Morrillo, E., Romero, A. S., Maquada, C., Madrid, L., Ajmone-Manrsan, F., Greman,
H.,Davidson, C. M., Harsthouse, A. S & Villaverde, J., (2007). Soil Pollution by
Polycyclic Aromatic Hydrocarbons in Urban Soils: A'comparison of Three European
Cities. Journal of Environmental Monitoring,9:1001-1008.

Nieuwoudt, C., Pieters, R., Quinn, L. P., Kylin, H., Borgen, A. R., & Bouwman, H. (2011).
Polycyclic Aromatic Hydrocarbons (PAHSs) in Soil and Sediment from industrial,
residential and agricultural areas in Central South Africa: An initial assessment. Soil
and sediment contamination, 20:188-204.

Oluseyi, T., Olanyika, K., Babajole, A.., & Roger, M. S. (2003).Comparison of
Extraction and.Clean up Techniques for the Determination of Polycyclic Aromatic
Hydrocarbons in Contaminated samples. African Journal of Environmental Science
and Technology. 5(7) 482-493

Osakwe S. A, & Okolie L. P. (2015). Physicochemical characteristics and heavy metals
contents in soils and cassava plants from farmlands along a major highway in Delta
State; Nigeria. J. Appl. Sci. Environ. Manage. 19(4):695704.

Sanchez, P.-A. (1976). Properties and management of soils in the tropics. John Wiley and
Sons. New York. www.ijcmas.com/vol12/Aaron%20Suh%?20Tening,
%20et%20al.pdf. Accessed on 28th May, 2017

Shivanna, A. M., & Nagendrappa, G. (2014) Chemical Analysis of Soil Samples to Evaluate
the Soil Fertility Status of Selected Command Areas of Three Tanks in Tiptur Taluk
of Karnataka, India Journal of Applied Chemistry. Ver. I.; 7(11):01-05

Situma, D. (2010). Assessment of Polycyclic Aromatic Hydrocarbons in Air and Soil from
Selected Sites in Nairobi. Msc. Thesis, Department of Chemistry, University of
Nairobi, Kenya.


http://www.ijcmas.com/vol12/Aaron%20Suh%20Tening,

Ubong,l.U.,Ubong, U.U.,Ubong ,E.U.Ukonta, R.,Ishmael,D.(2015) Distribution of
particulate matter in cawthorne channels air basin in Nigeria Environment and
pollution ,Cananian center of science Education. 4(3)19

Ubong,U.U., Ikpe,E.E.,Ekanem, A.N., Jacob,J.N. and Archibong U.D (2023) Heavy metals
profile of the proposed dump-site at Ntak-Inyang Itam, Akwa Ibom State. Journal of
Geography,environment and earth science international. 27(2) 17-28.

Ubong, U. U.,Ekwere,1.0., Ikpe,E.E (2020) Risk and Toxicity assessment of heavy metals in
Tympanotomus fuscatus and sediment from Iko River, Akwa Ibom state, Nigeria.
International journal of environment and climate change. 10(3) 38-47.

Ubong,U.U.,Nsi,E.W, Ite,A.E.,Ikpe,E.E (2020) Health risk assessment of trace metals
contamination in vegetables( Telferia occidentalis) irrigated with polluted effluent
water from mechanic village, Uyo. International journal of scientific.and engineering.
11(10) 381.

USEPA (2005) US Environmental protection Agency.National management measure to control
non-point source pollution for urban areas.

Tening, A. S, Chuyong, G. B, Asongwe, G. A, Fonge, B. A, Lifongo, L. L, Mvondo-Ze, A.
D, Che, V. B, & Suh, C. E. (2013). Contribution'of some water bodies and the role of
soils in the physicochemical enrichment of the Douala-Edea mangrove ecosystem.
Afr. J. Environ. Sci. Technol. 7(5):336349.

WHO HEALTH ORGANIZATION (2008). Guidelines for Drinking-Water Quality. 3rd
Edition Incorporating the First and Second /Addenda. Vol. 1 Recommendations.
Geneva and Switzerland.

Wu, H., Sun, B., & Li, J. (2019). Polycyclic Aromatic Hydrocarbons in Sediments/Soils of
the Rapidly Urbanized Lower Reaches of the River Chaohu, China. Int. J. Environ.
Res. Public Health 16:2302. https:// doi:10.3390/ijerph16132302

Yerima, B. P. Ki; & Van-Ranst, E. (2005). Introduction to Soil Science, Soils of the Tropics.
TRAFFORD Publishers, Victoria. P. 397.


https://

