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Abstract

This study was designed to assess the level of Polycyclic Aromatic Hydrocarbons (PAHs), Total Petroleum Hydrocarbon
(TPH) and Volatile Organic Compounds (VOCs) in surface water collected from Aleto river located within the pollution-
prone Niger Delta Region of Nigeria. Surface water samples were collected from River Aleto, 12 months after a crude oil
spill that spread to the River, at upstream and downstream locations while surface water samples collected midstream
from Ogharefe River served as Control samples. Surface water samples were analyzed for PAH, TPH and VOCs using
standard analytical methods. The level of sixteen (16) USEPA-recognized PAH compounds, Cs - C40 hydrocarbon chain
lengths and BTEX were investigated. Results obtained showed that PAH concentration was higher in upstream surface
water samples (94.30+0.08 mg/l) while TPH (954.78 + 0.03 mg/1) and VOC (41.35+0.03ppm) concentrations were
higher in the surface water samples collected at downstream locations along the Aleto River. Varying levels of PAH
compounds were found to be present in the surface water samples. TPH compounds and BTEX showed significance
presence when values for downstream and upstream surface water samples were compared with results for control
surface water samples. Findings from this study suggest that surfacewater from Aleto river contain substantial amount
of hydrocarbon pollutants associated with deleterious environmental and epidemiological effects, thus residents of
Aleto Eleme are exposed to health risks associated with direct contact or consumption of water and seafood from the
Aleto River.

Keywords: Polycyclic Aromatic Hydrocarbons; Total Petroleum Hydrocarbon; Volatile Organic Compounds; Surface
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1. Introduction

Most hydrocarbon-dependent economies, such as Nigeria are constantly facing an epidemic of crude and refined oil
spills from conventional and artisanal processes, thus the environment and public health are exposed to unquantifiable
risk levels [1, 2]. Hydrocarbon released into the environment exists in different forms (they could be volatile organic
compounds or semi-volatile organics) [3, 4], and possess variable potentials to threaten environmental media, including
soil and water. Increased crude oil activities have resulted in extensive environmental pollution by oil spills involving
blowouts, leakages from tanks or tanker trucks and dumping of waste petroleum products into the environment [5].
This has made hydrocarbon pollution of such ecosystems a widespread environmental issue, especially in developing
nations. Water pollution caused by aromatic and aliphatic hydrocarbons is a significant environmental concern with
far-reaching consequences. Aromatic hydrocarbons, such as benzene, toluene, and xylene, are commonly found in
petroleum-based fuels and solvents [6].
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Polycyclic Aromatic Hydrocarbons (PAHs) are a class of ubiquitous organic compounds consisting of two or more fused
aromatic rings. PAH is one of the several pollutants released into the environment during crude oil exploration and
production. PAHs, which are classified as persistent organic pollutants commonly occurring in the environment are
considered to be the most challenging organic contaminants to remediate [7 -9]. This may be due to their toxic,
mutagenic and carcinogenic properties; they pose a significant environmental risk to public health [10, 11]. When PAHs
enter into an aquatic environment, they may remain in water or accumulate in organisms and migrate as water flows
[12].

Total Petroleum Hydrocarbons (TPH) are a large family of several hundred chemical compounds that originally come
from crude oil. They are found in the range of C¢ through Css as mixture containing hundreds to thousands of
hydrocarbons including aliphatic (straight carbon chain) and aromatic (carbon ring) compounds. TPH measures the
gross quantity of individual petroleum hydrocarbon components present in the environment. Some hydrocarbon
mixtures may also contain priority pollutants including volatile organic compounds (VOCs), semi-volatile compounds
(SVOCs) and metals, each of which have their own specific toxicity information (ATSDR, 1999). The presence of chemical
contaminants in the coastal environments from many anthropogenic sources is a major threat to the marine water [5,
13].

Petroleum hydrocarbons are one of the major pollutants which are frequently discharged into the coastal waters in
Niger Delta region of Nigeria, which is a major hydrocarbon deposit [14, 15]. Oil spillage is a form of pollution; it is a
process whereby liquid petroleum hydrocarbon is discharged or released into the environment [16]. UNEP [17]
reported that in recent years, there has been series of devastation brought about by accidental spills in the Niger Delta
Region which has led to wide-ranging ecological pollution. Oil theft, operations, illegal refining, mystery spills and
sabotage are amongst major causes of oil spills in our environment. Illegal petroleum activities are not governed by
petroleum exploration laws that are designed to manage environmental issues [15, 16].

In this study, we report the post-crude oil spill levels of Polycyclic Aromatic Hydrocarbons, Total Petroleum
Hydrocarbon and Volatile Organic Compounds in surface water of Aleto River located in Rivers State, Nigeria, aimed at
establishing its pollution status.

2. Materials and methods

2.1. Study Area

Aleto Community is located in Eleme Local Government Area (L.G.A.) of Rivers State, Nigeria. Eleme L.G.A is located
between latitude 4°44’ N and longitude 7°15’E, to the east, lies Tai, to the west, Okrika and Port Harcourt Local
Government Areas, and to the North, Obio/Akpor and Oyigbo. It is a crude oil producing L.G.A. with presence of oil and
gas, petrochemical, and fertilizer industries. Apart from major oil companies like SPDC, Mobil etc., the L.G.A. also hosts
Port Harcourt Refinery Company, Alesa Eleme, Indorama Eleme Petrochemical Company Limited, Notore Chemicals
Limited and Indorama Fertilizer Chemicals Ltd. Eleme has a mean annual rainfall of 160-298 mm, a relative humidity
of above 90%, and a mean temperature of 27°C. It undergoes alternating rainy and dry seasons [18]. Convectional rains
are known to occur in the dry season months of November through March, whereas the rainy season typically lasts from
April to October. Eleme is home to Aleto surface water, which empties into the Imo River. Runoffs into the Aleto surface
water banks are caused by a number of adjacent activities, including sand mining, roasting cow-skins, oil spills, vehicle
repairs, illicit refining operations, and catchment areas [18]. A crude oil spill was reported to have occurred in an oil
facility located at Aleto Eleme in June 2023 [19].
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Figure 1 Map of Eleme communities showing the sampling location (Aleto)

2.2. Water Sample Collection

Water samples were collected from the Aleto River in plastic vials at a depth of 25 cm under water at upstream and
downstream locations, and the vials immediately capped. Sampling was done in triplicates at each sampling point and
was done between the months of July and August, 2024. The samples were placed in ice-cold chest packs and
transported to the laboratory, where they were stored at a temperature of 4°C. Midstream surface water samples
(Control) were collected from a location over 232km away from the study area and without any known history of
hydrocarbon pollution (Ogharefe River in Delta State, Nigeria).

Table 1 Sampling locations and their coordinates

Sampled Surface Water Location Elevation | Distance | Coordinates
Aleto surface water (Upstream) | Aleto Community, Eleme LGA, Rivers | 427m 69.2m N-4043'23.2”
State E-7°06'10.6”
Aleto surface water | Aleto Community, Eleme LGA, Rivers | 465m 115.0m N-4043'23.2”
(Downstream) State E-7°01'26.5"
Ogharefe surface water | Ogharefe Community, Okpe LGA, Delta | 178m 232.0m N-5¢ 56’
(Control) State 47.27"
E-5037'57.32”

2.3. PAH, TPH and BTEX Analysis

Water samples were analyzed using Gas Chromatograph (GC) equipped with flame ionization detector and HP-5 fused
silica capillary column (30m x 0.32 mm ID x0.25 pm film thickness) (GC model: Agilent 6890N).

2.4. Statistical Analysis

All values were expressed as mean * SD and then subjected to analysis of variance (ANOVA) using the Statistical Package
for Social Sciences (SPSS) version 17.0 (SPSS Inc., Chicago Illinois). Statistical significance was considered at P=0.05.
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3. Results and discussion

The levels of sixteen (16) USEPA-recognized PAH compounds (Naphthalene, Benzo[k]fluoranthene, Acenaphthylene,
Acenaphthene, Benzo[a]anthracene, Fluorene, Benzo[b]fluoranthene, Phenanthrene, Anthracene,
Dibenz[a,h]anthracene  Pyrene, Chrysene, Benzo[a]pyrene, Indeno[1,2,3-cd]pyrene, Fluoranthene, and
Benzo[g,h,i]perylene), C4+ — C40 hydrocarbon chain lengths and BTEX in surface watersamples were analysed and are
presented in Tables 2, 3 and 4 respectively. Varying levels of PAH compounds were found to be present in the surface
water samples. Results obtained showed that overall level of PAH compounds was higher in the upstream surface water
samples (94.30+0.08 mg/1) than in downstream surface water samples (71.03+£0.05 mg/1) when compared with Control
surface water sample which recorded 0.45+0.03 mg/l. Carcinogenic PAH compounds detected by GCMS analysis in
upstream surface water samples are Benzo[a]pyrene, benzo[a]anthracene, chrysene, benzo[k]fluoranthene,
benzo(gh,i) perylene and benzo(a)pyrene, while Benzo[a]Pyrene, Benzo[b]fluoranthene, Benzo(a)pyrene,
Indeno(1,2,3-cd) pyrene and Dibenz(a,h)anthracene were found to be present in downstream surface water samples.
TPH (954.78 £ 0.03 mg/1) and VOC (41.35+0.03ppm) concentrations were higher in the surface water samples collected
at downstream locations along the Aleto River. Upstream and downstream surface water samples showed predominant
presence of C1s hydrocarbon chain length. Similarly, BTEX showed significance presence when values for downstream
and upstream surface water samples were compared with results for control surface water samples.

Table 2 Polycyclic aromatic hydrocarbon (PAHs) in surface water samples

Polycyclic Aromatic Hydrocarbon | Upstream Aleto | Downstream Aleto | Ogharefe Surface
(mg/1) Surface Water Surface Water Water
Non-Carcinogenic

Benzene-1,2,3-trimethyl- 1.56+0.00P 3.46+0.00¢ BDLa
2-methylnaphthalene 8.48+0.01¢ 5.66+0.00P BDLa
Acenaphthylene 6.83+0.01¢ BDLa 0.04+0.000
Acenaphthene 12.33+0.01¢ 9.50+0.00P BDLa
Naphthalene 6.42+0.00¢ 5.28+0.01b 0.01+0.002
Fluorene 2.78+0.01¢ 1.88+0.01b BDLa
Phanthrene 10.26+0.01¢ 6.28+0.00P BDLa
Anthracene BDLa BDLb 0.05+0.01¢
Fluoranthene 8.56+0.00P 10.96+0.01¢ BDLa
Carcinogenic

Benzo[a]Pyrene 7.30+0.01¢ 4.16+0.01b 0.31+0.01a
Benzo[a]anthracene 9.59+0.00¢ BDLa BDLb
Chrysene 1.75+0.01¢ BDLa BDLb
Benzo[b]fluoranthene BDLa 5.58+0.00¢ 0.04+0.01P
Benzo[k]fluoranthene 6.55+0.01b BDLa BDLa
Benzo(gh,i)perylene 3.65+0.00P BDLa BDLa
Benzo(a)pyrene 8.24+0.01b 10.27+0.00¢ BDL2
Indeno(1,2,3-cd) pyrene BDLa 4.55+0.00¢ BDLP
Dibenz(a,h)anthracene BDLa 3.45+0.01b BDLa

Total PAHs 94.30£0.09¢ 71.03+0.05P 0.45+0.032
YCarcinogenic PAHs 37.08+0.03¢ 28.01+0.02b 0.35+0.012
%Carcinogenic PAHs 39.32 39.43 77.77

Values represent mean + SEM. Values in the same row with different superscript alphabets are significantly different at p<0.05 (n=3). BDL implies
below detection limits of 0.01mg/1.
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Table 3 Total petroleum hydrocarbons (TPHs) in surface water samples

Total Petroleum | Upstream Downstream Aleto Surface | Ogharefe Surface
Hydrocarbon (mg/1) Aleto Surface water water water
Cs 92.43+0.006P 102.13+0.00¢ BDLe
Co BDLe 11.00+0.00° BDLe
C1o 63.95+0.01¢ 15.02+0.00b BDLa
Cn 94.80+0.01° BDLa BDLa
C12 50.14+0.01b BDLa BDLa
Ci3 35.72+0.01b 56.24+0.00¢ BDLa
Cis 57.23+0.00> 81.74+0.00c BDLa
C1s 132.16+0.00P 157.01+0.00¢ BDLa
Cis 14.35+0.00> 108.06+0.00¢ BDLa
C17 BDLa 127.90+0.00P BDLa
Pristane BDLa 14.43+0.00P BDLa
Cis 70.68+0.00 91.02+0.00¢ BDLa
Phytane BDL BDL BDL
C1o 6.48+0.00b BDLe BDLa
C20 40.91+0.01° BDLe BDLa
C21 24.25+0.01° 71.66+0.00¢ BDL~
C22 10.29+0.00> 17.10+0.00¢ BDLa
C23 9.05+0.00b 33.20+0.00¢ BDLa
Ca4 26.01+0.00¢ 18.33+0.00b BDLa
C2s 9.22+0.01b BDLe BDLa
C2s BDL 2.61+0.00 BDL
Ca7 BDLa 13.48+0.00b BDLa
C28-C3o BDL BDL BDL
C31 57.06+0.00> BDLa BDLa
C32 27.20£0.00° BDLa BDLa
Cs3 12.46+0.00° 19.83+0.00¢ BDLa
C34 8.01+0.00b 11.1940.00¢ BDLa
Css BDLe 2.84+0.00P BDL~
C36-C3s BDL BDL BDL
C39 2.00£0.00 BDL BDL
Cao 5.59+0.00P BDLa BDLa
Total TPH 850.14+0.08> 954.78+0.03¢ BDLe

Values represent mean + SEM. Values in the same row with different superscript alphabets are significantly different at p<0.05 (n=3). BDL implies
below detection limits of 0.01mg/1.
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Table 4 Volatile organic compounds (BTEX) in surface water samples

Volatile Organic Compounds | Upstream Aleto Surface | Downstream Ogharefe Surface
(ppm) Water Aleto Surface | Water
Water

Benzene 5.23+0.00" 8.53+0.00° BDL’

Toluene 11.27+0.22° 14.57+0.01° BDL'

Ethylbenzene 8.20+0.00° 9.32+0.01° BDL’

Para-Xylene 5.22+0.00° 4.90+0.01" BDL’

Ortho-Xylene 3.31+0.01 4.03+0.01° BDL®

BTEX 33.24+0.23" 41.35+0.03° BDL"

Values represent mean + SEM. Values in the same row with different superscript alphabets are significantly different at p<0.05 (n=3). BDL implies
below detection limits of 0.01ppm.

Crude oil pollution of water bodies by PAHs is usually caused by petroleum spills and other man-made activities such
as discharges and seepages, industrial and municipal waste water, urban and suburban surface runoffs and atmospheric
deposition. Crude oil production activities generally pollute both surface and groundwater with benzene, toluene,
ethylene and xylene (BTEX) as well as other toxic chemicals including toxic PAH compounds. Total Petroleum
Hydrocarbon (TPH) and Polycyclic aromatic hydrocarbon (PAH) concentrations can be potentially toxic and dangerous
when they cross the food chain into biological systems [20].

Results obtained in this study revealed differences in the various hydrocarbon groups assayed in upstream and
downstream surface water samples. Petroleum hydrocarbon compounds systematically undergo processes such as
evaporation, dissolution, dispersion, photo-oxidation, and biodegradation when they are released into aquatic
environments, at different rates depending on the carbon makeup [21 - 23].

Carcinogenic PAH compounds detected by GCMS analysis in upstream and downstream surface water samples.
Specifically, Benzo[a]pyrene was detected in upstream and downstream sources. Polycyclic Aromatic Hydrocarbons
(PAHs) comprise of over 200 organic compounds containing two or more fused aromatic rings that are carcinogenic,
mutagenic, and capable of disrupting hormonal functions [24 - 26]. Sixteen PAHs compounds are considered by the
U.S. Environmental Protection Agency (EPA) as priority pollutants as they are the most toxic, carcinogenic, and
commonly found PAHs in the environment. Benzo(a)pyrene (BaP) a known carcinogen, is often used as a benchmark
compound when evaluating the potential carcinogenicity of PAH mixtures. Other PAHs compounds of interest are
Naphthalene, Benzo[k]fluoranthene, = Acenaphthylene, = Acenaphthene, Benzo[a]anthracene, Fluorene,
Benzo[b]fluoranthene, Phenanthrene, Anthracene, Dibenz[a,h]anthracene Pyrene, Chrysene, Benzo[a]pyrene,
Indenol[1,2,3-cd]pyrene, Fluoranthene, and Benzo[g,h,i]perylene). These compounds are often used as markers for
assessing PAH contamination and exposure [27]. Inhalation, ingestion and dermal contact are the primary routes of
exposure of PAHs to humans. PAHs are extremely toxic with excellent capability to stimulate health effects such as
nausea, vomiting, eye irritation, diarrhea and confusion (short term effects). Other health effects (long term) include
immune function suppression, cataracts, kidney and liver damage, skin inflammation, asthma amongst others.
Generally, mixtures of PAHs are known to cause carcinogenic, genotoxic, teratogenic effects and are potential
immunosuppressant [28].

Previous studies noted that the trend of hydrocarbon susceptibility to microbial degradation is as follows: linear alkanes
> branched alkanes > small aromatics > cyclic aromatics [29, 30]. In this study, low molecular weight hydrocarbons (Cs -
C10) were detected in upstream and downstream surface water samples from Aleto River. This observation is at variance
with the report by Thunwo et al. [15] who noted that low molecular weight hydrocarbons (Cs - C10) were not detected
in either surface water or sediment at different stations along Woji Creek in the Niger Delta Estuary of Rivers State,
Nigeria. This could be due to the persistence and bioavailability of hydrocarbon compounds in the environment [31,
32].

In this study, the concentration of BTEX in analysed surface water samples is a confirmation that pollution could
bioaccumulate in oil polluted areas. Volatile Organic Compounds (BTEX) content of surface water samples was
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significantly high when compared with Control samples where the VOCs were below detection limits (BDL). Benzene is
a known carcinogen. Water contaminated by oil leaks containing benzene can poison streams serving as drinking water
sources and cause significant detrimental effects to human and aquatic life [18].

4. Conclusion

The assessment of Polycyclic Aromatic Hydrocarbons, Total Petroleum Hydrocarbons and Volatile Organic Compounds
in surface water from Aleto River showed high concentrations of hydrocarbons in surface water. Findings from this
study suggests that Aleto river is exposed to substantial amount of hydrocarbon pollutants associated with deleterious
environmental and epidemiological effects, thus residents of Aleto Eleme are exposed to health risks associated with
direct contact or consumption of water and seafood from the Aleto River. The study confirms that the reported crude
oil spill that affected Aleto River poses ecological threat to surface water.
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