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Abstract

Diesel is a frequently used fuel which poses ecological risks to aquatic ecosystems due to the toxicity of
its water-soluble fraction (WSF) resulting from leaks and unintentional spills. This study evaluated
the effects of diesel WSF on the growth response, and hydrocarbon attenuation potential of Chlorella
vulgaris and Scenedesmus obliquus over a 14-day laboratory exposure period. Seven concentrations of
diesel WSF (0, 5, 10, 25, 50, 75, and 100%) were tested. Algal growth was assessed
spectrophotometrically at 750 nm, and total petroleum hydrocarbon (TPH) concentrations were
analyzed using standard procedures. Growth responses differed significantly among treatments (p <
0.05), with peak stimulatory growth resposnses occurring at 100% WSF in Chlorella vulgaris and
75% WHSF in Scenedesmus obliquus. Total petroleum hydrocarbon concentrations decreased
substantially following exposure, declining from 12,110.79 ug/L to 4,173.13 ug/L and 6,053.58 ug/L
in treatments containing C. vulgaris and S. obliquus, respectively. These findings suggest species-
specific tolerance to diesel WSF and indicate potential for hydrocarbon attenuation under controlled
laboratory conditions. Further investigation is required to establish biodegradation mechanisms and
environmental applicability.
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INTRODUCTION

Crude oil is a naturally occurring, flammable liquid composed of a complex mixture of
hydrocarbons, including aliphatic, aromatic, resinous, and asphaltene fractions
(Hassanshahian et al., 2020). Over the past decades, petroleum has remained the dominant
global energy source, supporting transportation, industrial processes, and the production of
numerous petrochemical products such as plastics, solvents, fertilizers, pharmaceuticals,
and pesticides (Nwadibe and Aniebonam, 2020). However, the increased exploration,
production, transportation, and utilization of petroleum have resulted in significant
environmental challenges, particularly in aquatic ecosystems.

Oil pollution has emerged as a major global environmental concern due to its detrimental
effects on aquatic environments. Aquatic ecosystems are especially vulnerable, as petroleum
hydrocarbons can enter water bodies through multiple pathways, including tanker
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operations and accidents, offshore exploration activities, industrial discharges, urban runoff,
and natural seepage (Carpenter, 2019). Despite advances in regulatory frameworks and spill
prevention technologies, accidental discharges and operational releases continue to occur,
leading to persistent contamination of aquatic habitats (Chen et al., 2019). Reports indicate
that maritime activities alone contribute substantial quantities of oil into the marine
environment annually (Keramea et al., 2021), which can in turn impact inland and
freshwater bodies and their biota.

Once introduced into aquatic systems, petroleum undergoes complex physical, chemical,
and biological transformations that influence its distribution, persistence, and ecological
impact. Among the various petroleum products, diesel is one of the most widely used fuels
globally, particularly in transportation and industrial operations. Its widespread use
increases the likelihood of environmental contamination, especially in regions with intensive
shipping, storage, and handling activities. Diesel leaks frequently threaten inland water
bodies (rivers, lakes, ponds) where microalgae like Chlorella and Scenedesmus serve as the
ecological base. Of particular toxicological importance is the water-soluble fraction (WSF)
of diesel, which consists of low-molecular-weight hydrocarbons, including monoaromatic
compounds and other soluble constituents. This fraction is readily bioavailable and can
disperse beyond the immediate site of contamination, thereby posing both acute and chronic
risks to aquatic organisms (Lari et al., 2016; Miiller et al., 2019). Although the proportion of
petroleum that dissolves in water is relatively small, it is often considered the most
biologically active and toxic component due to its direct interaction with aquatic biota
(Hameed and Al-Azawi, 2016).

Microalgae are fundamental components of aquatic ecosystems, serving as primary
producers and forming the base of the food web. They play a critical role in global
biogeochemical cycles, including carbon fixation and oxygen production, and are highly
sensitive to changes in water quality. As a result, microalgae are widely used as
bioindicators in ecotoxicological studies. Exposure to petroleum hydrocarbons, particularly
the water-soluble fraction, can adversely affect algal physiology by inhibiting growth,
reducing photosynthetic efficiency, and inducing oxidative stress. Such disruptions at the
primary producer level can have cascading effects on higher trophic levels and overall
ecosystem stability.

Despite the ecological importance of microalgae and the recognized toxicity of petroleum
hydrocarbons, there remains limited information on the specific effects of diesel-derived
water-soluble fractions on different microalgal species. In particular, comparative data on
species-specific responses, including growth and metabolic alterations, are insufficient.
Chlorella vulgaris and Scenedesmus obliquus are widely distributed freshwater microalgae
commonly employed in toxicity assessments due to their sensitivity to environmental
stressors and ease of cultivation (Kadiri and Eboigbodin, 2012; Ezenweani and Kadiri, 2023).
However, their responses to diesel WSF exposure are not yet fully understood.

Therefore, this study aimed to evaluate the growth response and hydrocarbon attenuation
potential of Chlorella vulgaris and Scenedesmus obliquus exposed to water-soluble fractions of
diesel. By examining species-specific sensitivity, this research seeks to contribute to a better
understanding of the ecological risks associated with diesel contamination in aquatic
environments.
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MATERIALS AND METHODS

Study Location
This investigation was conducted in the Limnology and Phycology Laboratory of the
Department of Plant Biology and Biotechnology, University of Benin, Nigeria.

Test Microalgae Culture

The species of microalgae which were selected for this study were Chlorella vulgaris and
Scenedesmus obliquus. These algae were collected from the fishponds at the Faculty of
Agriculture, University of Benin and ditches with visible algal blooms around first east
circular road located within Benin City. Unialgal cultures of Chlorella vulgaris and
Scenedesmus obliquus were obtained by serial dilution from the wild algal collections into
appropriate growth media. This was done repeatedly by till a unialgal culture of the desired
species was obtained. The algal cultures were examined microscopically using a Lietz
Orthopan microscope and taxonomic identification of the test microalgae was done using
relevant taxonomic texts including Opute (2003); Belinger and Sigee (2015).

Culture Medium and Vessel

The cultivation of microalgae was done using Chu’s modified No. 10 medium (Chu 1942).
The specific chemical composition is as shown in table 1 below and stock solutions of the
various salts were prepared and autoclaved prior to use with the exception of the vitamin
stock.

Table 1: Composition of Chu's 10 Medium

Macronutrients g/100ml
NaNOs 8.50
CaCl,.2H, O 3.67
MgSO,, 7H>0 3.69
NazSiO3 2.84
NaHCO; 1.26
KoHPO4 0.84
Iron Stock Solution g/100ml
Citric Acid (CsHsO%HzO) 3.35
Ferric Citrate (FeC¢Hs503.5H,0O) 3.35
Trace Element Stock mg/L
CuSO4.5H0 19.6
H3BO; 618.4
ZnS04.7H,0 44.0
CoCl.6H20 20.0
MnCl,.4HO 36.0
NaMO,4.2H,O 12.6
Vitamin stock g/100ml
Cyanocobalammin (B12) 0.004
Thiamine 0.004
Biotin 0.004

Under aseptic conditions, Chu 10 medium was prepared by measuring 10 mL each of
individual constituents of macronutrients, micronutrient, iron solution and vitamin stock
solutions into a 10 litre sample jar. These were added together and made up to 10 litres with
distilled water. Algal growth experiments were done using 250 mL culture bottles. The
bottles were newly purchased, then washed with detergents and rinsed with tap water.
Thereafter, the bottles were acid washed using dilute hydrochloric acid (ratio 1:1) and rinsed
several times with tap water before a final rinse with distilled water. The culture vessels
were labelled according to the different concentrations of WSF and the algal species used.
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Diesel Sourcing and Preparation of Diesel Water-Soluble Fractions (WSF)

The diesel used in this study was purchased at Total filling station along the Ugbowo-Lagos
road in Benin City, Edo State. Water soluble fractions of diesel were prepared according to
Ezenweani and Kadiri (2023). A 2500mL conical flask with a screw cap was used for the
combination of diesel and distilled in a ratio of 1:9 (v/v). A Gallen-Kamp table-top orbital
magnetic stirrer was used to stir the mixture at 150 rpm for 24 hours at room temperature.
After stirring, the mixture was transferred to the separating funnel and allowed to stand to
allow for a clear separation between the diesel and water to develop. Thereafter, the water
soluble fraction was siphoned from the funnel's bottom by opening the stopper slightly and
allowing the aqueous solution flow into pre-labelled 1000mL glass sample bottles which
were immediately sealed without headspace to minimize loss of light-end hydrocarbons.
The aqueous phase separated from the diesel was regarded as 100% WSF stock solution.

Experimental Setup and Algal Inoculation

A total of seven (7) treatments in triplicates were used during the experiments (0% - control,
5%, 10%, 25%, 50%, 75% and 100% WSF), with each placed in its own appropriately labelled
culture bottle according to the treatment concentration. These were obtained via serial
dilution of the WSF of diesel with the Chu 10 growth medium. Five millilitres (5 mL) of the
unialgal culture was inoculated with the aid of a 5ml syringe into the culture vessels
containing the various diesel WSF concentrations. After inoculation, they were partially
capped to allow for effective respiration and to prevent contamination. The vessels were
placed close to a north-facing window to ensure maximum exposure to natural sunlight
after taking the day 0 readings. The positions of the replicates for each
concentration/treatment were interchanged daily to minimize shading and allow for all
treatments to receive relatively uniform light exposure.

Algal growth measurement and percentage inhibition

A 721 UV/Visible spectrophotometer was used to measure algae growth. The percentage
inhibition was calculated according to Kadiri and Eboigbodin (2012) using the formula
below:

measured biomass
) 00

p mhibition (%) = 100 —
ercentage inhibition (%) 00 (theoretical biomass

Total petroleum hydrocarbon (TPH) determination

Total petroleum hydrocarbon was determined using the WSFs of the diesel fuel before and
after the experiment. Analysis of TPH in the diesel range organics (DRO) fraction followed
the US EPA methods 3801C and 8015D. A 100-mL aqueous sample spiked with o-terphenyl
surrogate was extracted with dichloromethane via liquid-liquid extraction. The extracts
were dried over anhydrous Na,SO, and concentrated to ImL. Analysis was performed using
a Gas Chromatograph coupled to a mass spectrophotometer (GC-MS) equipped with a non-
polar fused-silica capillary column while helium served as the carrier gas. (US EPA, 1996;
Weisman, 1998). Petroleum hydrocarbons were analysed using Agilent ChemStation
quantitative software.

Statistical Analyses

Microsoft Excel spreadsheets and SPSS were used for statistical analyses. The means and
standard errors were calculated, while analysis of variance was used to assess statistically
significant differences (p<0.05) in the growth of microalgae across the various treatments
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RESULTS

The growth response of Scenedesmus obliquus, varied across diesel water-soluble fraction
(WSF) concentrations over the 14-day period as presented in figure 1. During the initial
phase (Day 0-Day 4), all treatments exhibited minimal growth, indicating a lag phase. By
Day 6, growth increased across treatments, suggesting acclimatization. The 50% and 75%
WSF treatments showed the most pronounced growth, with the 75% concentration reaching
the peak absorbance by Day 14. Lower concentrations (5%, 10%, and 25%) exhibited
moderate but steady increases in growth. In contrast, the control (0%) and 100% WSF
treatments showed comparatively reduced growth, with the 100% concentration displaying
early inhibition followed by slight recovery. Overall, Scenedesmus obliquus exhibited a
concentration-dependent response, with intermediate concentrations (50-75%) enhancing
growth, while the highest concentration (100%) exerted inhibitory effects, particularly
during early exposure. The differences in growth response of S. obliquus to varying
concentrations of diesel WSF were found to be statistically significant (p<0.001).
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Figure 1: Growth response of Scenedesmus obliquus to diesel WSF

The growth response of Chlorella vulgaris, varied markedly across diesel water-soluble
fraction (WSF) concentrations over the 14-day exposure period (figure 2). All treatments
exhibited a gradual increase in growth from Day 0 to Day 6, indicating initial
acclimatization. From Day 8 onward, distinct concentration-dependent patterns emerged.
The highest growth was observed at 100% WSF, which increased sharply to a peak around
Day 12 before slightly declining by Day 14. Similarly, 75% WSF treatment showed
substantial and sustained growth, reaching peak absorbance by Day 14. Conversely, 50%
WSF treatment exhibited moderate growth, stabilizing after Day 10 while lower
concentrations (5%, 10%, and 25%) showed comparatively reduced growth, with slight
increases up to Day 8 followed by stabilization or minor fluctuations. The control (0%)
consistently recorded the lowest growth throughout the study period. Overall, Chiorella
vulgaris demonstrated a strong concentration-dependent response, with higher WSF
concentrations (75-100%) enhancing growth, while lower concentrations had limited
stimulatory effects.

Ogbebor J. U., Omonua V., Ekemhankhomhen O. D., DUJOPAS 12 (3a): 172-181, 2026 176



Growth Enhancement and Hydrocarbon Attenuation Potential of Chlorella vulgaris and Scenedesmus obliquus
Exposed to Water-Soluble Fractions of Diesel

Chlorella vulgaris
0.16
0.14
0.12 T I —o—0%
£ 3 L —&—5%
3 01 1 * —h—10%
® 0.08 =3¢-25%
9 —-50%
£0.06 - 75%
5 —t—=100%
40.04
<
0.02
0
DAYO DAY2 DAY4 DAY6 DAYS8 DAY 10 DAY 12 DAY 14

Figure 2: Growth response of Chlorella vulgaris to diesel WSF

Percentage inhibition

Figure 3 shows the percentage inhibition of the Chlorella vulgaris and Scenedesmus obliquus
grown in varying diesel WSF concentrations. Overall, the trend for Chlorella vulgaris
Scenedesmus obliguus showed that for all the concentrations (0% to 100%), percentage
inhibition values were negative indicating a stimulatory, rather than an inhibitory response.
Chlorella vulgaris showed a concentration dependent stimulation with increasing stimulation
as concentrations of diesel WSF increased with the exception of 10% WSF which elicited a
less stimulatory response than 5% WSF concentration. Scenedesmus obliqguus was stimulated
with increasing concentrations up to 75% WSF concentration while 100% WSF concentration
elicited the least stimulatory response.
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Figure 3: Percentage inhibition of Chlorella vulgaris and Scenedesmus obliquus

Total petroleum hydrocarbon concentration
The removal percentage of TPH from the treatments with the microalgae are shown in
Figures 4 and 5. The concentrations of TPH in the treatment with 75% WSF and Scenedesmus
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obliqguus (figure 4) decreased from the initial 12,110.79 ng/L to 6,053.58 ng/L. On the other

hand, the concentrations of the TPH in the treatment with 100% WSF and Chlorella vulgaris
(figure 5) decreased to 4,173.13 ng/L from the initial 12,110.79 pg/L.
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Figure 4: Hydrocarbon removal by S. obliquus
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Figure 5: Hydrocarbon removal by C. vulgaris
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DISCUSSION

The results of this study showed that the two test microalgae (Chlorella vulgaris and
Scenedesmus obliguus), responded differently to the petroleum components. Chlorella vulgaris
recorded a stimulatory growth response on exposure to different concentrations (5%, 10%,
25%, 50%, 75% and 100%) of WSF of diesel. For Scenedesmus obliquus, a similar stimulatory
growth response was also observed on exposure to varying concentrations with the
exception of 100% of WSF of diesel used in this study. Similar stimulatory growth response
of microalgae to water soluble fractions of petroleum hydrocarbon fuels has also been
reported by other authors including Kadiri and Eboigbodin (2012), Salinas-Whittaker et al.,
(2019), Ogbebor and Ekemhankhomhen (2024). In Scenedesmus obliquus, concentrations up to
75% WSEF of diesel were found to stimulate growth significantly. This may be due to its
capacity to metabolize, store, and utilise petroleum products as a source of carbon. In 100%
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WSF treatment, there was a diminution of growth. This could be as a result of the high
toxicity of petroleum fuels exceeding the tolerance level of the algae or its inefficiency in
metabolizing petroleum hydrocarbon for use (Ezenweani and Kadiri, 2023).

Growth stimulation in Scenedesmus obliquus was recorded up to 75% (5%, 10%, 25%, 50% and
75%) WSE. This result being consistent with previous studies, one could posit that ability of
microalgae to use hydrocarbons as a source of carbon and energy under ambient CO; levels
(as a reason of biodegradation and bioremediation) may account for its exponential growth
in the presence of petroleum oil (Fahmi et al., 2023). Additionally, low concentrations of
hydrocarbons may stimulate growth through hormesis or supplementary carbon
availability.

This study revealed a substantial increase in Scenedesmus obliquus cell concentrations for 75%
WSF at Days 8 up to 14. On the other hand, Scenedesmus obliquus did not exhibit a very
noticeable increase in abundance in 100% WHSF. This observation may be the result of
increased competition for macro- and/or micronutrients that are bioavailable.

In Chlorella vulgaris cultures, stimulatory response was seen at 50% up to 100% WSF but
growth response was more pronounced at 75% and 100% from day 4 to day 14 whereas
growth response was comparatively less in the lower WSF concentrations (5%, 10%, and
25%). Being that a low growth response at 5%, 10% and 25% WSF treatment was recorded, it
could that because there is not enough carbon supply for the cells, the biodegradation
efficiency declined at decreasing hydrocarbon concentrations (Salehi et al., 2019). The
stimulatory response observed in C. vulgaris agrees with findings of Kadiri and Eboigbodin
(2012), who reported enhanced growth of microalgae at moderate petroleum concentrations,
although the stronger response at 100% WSF observed in this study suggests species-specific
tolerance differences. When contamination levels are higher, microalgae’s capacity to break
down organic pollutants will help to lessen the toxicity of hydrocarbon compounds, which
are thought to affect algal development (Salehi et al., 2019).

Some studies have revealed that certain algae, such as green, brown, and red algae, have the
capacity to break down or utilise some hydrocarbons as a carbon source, showing their
tolerance to crude oil contamination (Naeem and Qazi, 2020; Amran ef al., 2022; Kadiri and
Ezenweani, 2023). In this study, TPH concentrations of the most stimulatory treatments of
Scenedesmus obliquus and Chlorella vulgaris cultures before and after exposure revealed a
reduction of TPH concentrations by roughly 50% (6053.58 pg/L) and 65% (4173.13 pg/L)
respectively. This could be due to algal metabolism of the hydrocarbon fractions and
possibly due to abiotic loss in part (volatilization/photodegradation) although the lack cell-
free control without the microalgae is a limitation in this study and can be included in
subsequent investigations.

CONCLUSION

The responses of Chlorella vulgaris and Scenedesmus obliquus to diesel water-soluble fractions
(WSF) varied by species and were influenced by hormetic effects. Chlorella vulgaris showed
increased growth at all tested concentrations, with the highest growth at 100% WSF. In
contrast, Scenedesmus obliquus reached its peak growth at 75% WSF and had reduced growth
at 100% WSF, indicating a lower tolerance.

Both microalgal species helped reduce diesel-derived hydrocarbons over the 14-day
exposure period. Chlorella vulgaris reduced total petroleum hydrocarbons (TPH) by 65.5%,
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while Scenedesmus obliquus achieved a 50.0% reduction. These results highlight the greater
tolerance and ability to reduce hydrocarbons of C. vulgaris in this study. Further studies are
needed to confirm biodegradation pathways and field applicability and to investigate the
mechanisms behind the hormetic responses observed.
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