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ABSTRACT

Irag's economy is primarily based on oil exports, making it one of the richest oil-producing nations in the world.
However, the transportation, refining, and extraction of oil lead to major environmental issues that impact water,
people, and other living things. Pollution rates rise and ecosystems are harmed by oil spills and emissions from oil
refineries. As a result, achieving sustainable development in Iraq has become essential. The green algae Scenedesmus
amatuswas used in this study to bioremediate acenaphthylene in three different concentrations (100, 200, and 300
ppm/L). The results of the High Performance Liquid Chromatography (HPLC) device demonstrated 100% remediation
for both concentrations (100 and 200 mg/L).
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1-INTRODUCTION

Water is an essential element for the existence of human civilization, and life has always been associated with water.

The water bodies have been an element of attraction for humans since time immemorial, and man depends on water in various
areas of life (1). The increase in population numbers and development in various industries, which increased pressure on water
resources and their irregular investment, in addition to water scarcity, led to water pollution. The main cause of water pollution
is man. One of the most important industries that cause pollution is the oil industries (2). Crude oil is one of the main pollutants
in the world, its extraction and remediation generates water contaminated with hydrocarbons harmful to human health, plants
and animals. The pollution with organic hydrocarbon compounds is the most dangerous and widespread type of water pollution
around the world due to industrialization and increasing global demand for oil day by day, as well as the growth of oil industries
such as refineries and petrochemical industries, which these industries can create a harmful effect on the environment through
discharges, oil spills, and waste generation during storage and processing and transport leading to ecosystem damage (3).
Due to its chemical structure, polycyclic aromatic hydrocarbons have carcinogenic and mutation-causing effects, such as those
found in oil residues. Acenaphthylene is a polycyclic aromatic hydrocarbon found naturally in fossil fuels like coal tar,
petroleum and biomass combustion. Additionally, it is produced commercially and is considered a chemical material that has
many main commercial uses becouse it is used in the manufacture of intermediate chemicals (such as phthalic anhydrides),
dyes, surfactants, leather tanning agents, dispersants, pesticides, insecticides, resins, solvents, mite repellents, and deodorants
are thus a ubiquitous environmental pollutant (4). The International Agency for Research on Cancer (IARC), the US
Environmental Protection Agency (US EPA) and the German Research Foundation (DFG) have classified acenaphthylene as
a potential human carcinogen, and the European Union is currently preparing a new risk assessment report (5).

Petroleum hydrocarbons affect aquatic organisms, especially algae, which are the base of the food chain (6), they are
living organisms, most of which are microscopic and widespread and have recently been introduced in many industries,
especially the production of antibiotics and as a good source of energy and have different uses. The most of algae species
tolerate severe environmental conditions, especially pollution, because they are used as biological indexes for the presence of
pollutants and some of them can also be used in the remediation of pollution (7). Many techniques are used to mediate pollution
with hydrocarbons, and the most commonly used techniques for remediating spilled oil include chemical-physical methods that
can remove most pollutants and have many damages as well as they cannot be finally disposed of, so the modern trend is
bioremediation by the use of microorganisms. Microalgae are involved in the bioremediation of petroleum hydrocarbons
effectively, and act directly on pollutants and this is done by activating various mechanisms ranging from the production of
enzymes capable of hydrocarbon decomposition, to the attack through the liberation of free radicals, and the advantages of
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using microalgae are not limited to their ability to remove toxic compounds and release oxygen into the atmosphere, but their
biomass can then be used in the circular economy process to produce biofuels (8). In order to provide algae in the Iraqi
environment with increased hydrocarbon pollution, the study aims to test the efficiency of algae for the remediation of
acenaphthylene, one of the hydrocarbons of high concentration in Iraqi waters (9).

2-MATERIALS AND METHODS

2.1 Preparation of hydrocarbon compounds

Acenaphthylene is one of the most prevalent oil pollutants in the aquatic environment within the sites of oil refineries. In this
study, three concentrations (100, 200 and 300) ppm were prepared by dissolving acenaphthylene with distilled water (10).

2.2 High-Performance Liquid Chromatography (HPLC) experiment Design

The results were revealed by HPLC analysis. The SYKAM model was used for analyses to detect acenaphthylene. The mobile
phase was an equal flow of a 60/40 mixture (volume/volume) of acetonitrile: buffer phosphate a neutral phosphate flow rate,
buffer phosphate of 0.1 molar at 1.0 ml/min, the column was C18-ODS (25 cm * 4.6 mm) and UV detector at 254 nm (14).
2.3 Statistical analysis

The results were analyzed using the Statistical Package for the Social Sciences (SPSS software, version 16) using Dunnett test
and One-way ANOVA analysis of variance (ANOVA), and the data were presented as mean+standard error of the mean (SEM).
P value at p<0.05 was considered as significant difference.

2.4 Design Experiments

The green algae S. amatus (Figure 1) was isolated from the bioremediation ponds utilized for the treatment of refinery
wastewater and lipid production at the Basra Oil Refinery, Iraq. and was diagnosed and classified microscopically (11). By
following the Dilution method, axenic culture of algae was obtained (Kim and Chojnacka, 2015) and cultured ir vitro under
controlled conditions in BG11 cultural media at 25+2°C with a light intensity of 3000 lux and with a light system of 16:8 light:
darkness with continuous shaking and growth follow-up by calculating cell numbers and reading absorbance values for the
purpose of reaching the sizes required to carry out the study (12). For the purpose of bioremediation and under the same
conditions mentioned above, 100 ml of cultural and contaminated medium were placed for each concentration of pre-prepared
concentrations in a flask of 250 ml, and then 10 ml of algae was added in a ratio of 1:10 (13). The bioremediation was detected
by (High-Performance Liquid Chromatography) HPLC for a period of 12 days by measuring every three days.

Figure 1. Characteristics of the green algae S. amatus under the microscope (40x).

3-RESULTS AND DISCUSSION

The highest removal rate of acenaphthylene by the green algae S. amatus was recorded during the ninth day at a rate
0f (39.5%) at a concentration of 100 ppm, and the disappearance of acenaphthylene was observed completely during the twelfth
day of the experiment, as well as the highest removal rate was recorded on the ninth day at a rate of (82.45%) at a concentration
0f 200 ppm, as for the concentration of 300 ppm, the highest removal rate was recorded during the third day at a rate of (88.32%)
(Table 1, Figures 2 and 3). The results of the study showed that the highest rate of removal of acenaphthylene mediated by S.
amatus on the ninth day, which was 39.5 ppm, and the reason is due to the consumption of components in the cultural medium
necessary for the growth of algae, and therefore algae do not resort to pulling acenaphthylene as a source of carbon until after
the lack of nutrients within the medium (15). The microalgae use hydrocarbons in the process of biodegradation as a source of
carbon, converting them into compounds that benefit from them in their vital activity (16). Other studies also indicated that
green algae such as Chlorella vulgaris and Selenastrum capricornutum are good at removing hydrocarbons in the presence of
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ammonia and that they become more effective for removing pollutants, especially acenaphthylene, with the availability of
ammonia, in a longer period and in medium and low concentrations (17). The current results are consistent with (18) although
they used lower concentrations of acenaphthylene pollutants (1, 3, 5, 10, 15, 25, 50) mg/L, but they found that the absorption
rate of acenaphthylene gradually increases by the green algae Coelastrella saipanensis until it reaches a 100% removal rate
after 12 days.

The reason for the increased remediation on the third day is due to the increased activity of the dehydrogenase enzyme
which was increased after 3 days of culture, and it has been shown that algae tolerate and effectively degrade polycyclic
aromatic hydrocarbons which may be toxic in the environment and convert the compounds into a non-toxic form.
Furthermore, (19) showed that polycyclic aromatic hydrocarbons in algae react with the cytochrome P450 monooxygenase
enzyme active sites of CYP through hydrogen bonds between molecules, hydrophobic reactions and Van der Waals's reactions,
giving algae the ability to remediate polycyclic aromatic hydrocarbons more efficiently than other microorganisms.

Table 1. Total removal rate of Acenaphthylene at a concentration of 100, 200, and 300 ppm by S. amatus.

Day Acenaphthylene
100ppm 200ppm 300ppm
Dl 6.3 4.1 6.1
D3 20.7 59.4 92.5
D6 335 41 68.61
D9 39.5 udl 60.4 53.56
D12 - 35.1 udl 35.05
Total removal 100 200 255.82
residual 0 0 44.18
100
100ppm
80— BE 200ppm
El 300ppm

i

1day 3day 6day 9day 12day

Figure 2. Bioremediation of Acenaphthylene at a concentration of 100, 200, and 300 ppm by S. amatus.
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Figure 3. The results of the bioremediation analysis of acenaphthylene at concentrations of 100, 200 and 300 ppm by
green algae S. amatus using HPLC device. (A) zero day 100ppm. (B) zero day 200ppm. (C) zero day 300ppm. (D) 3 day
100ppm. (E) 3 day 200ppm. (F) 3 day 300ppm. (G) 6 day 100ppm. (H) 6 day 200ppm. (I) 6 day 300ppm. (J) 9 day
100ppm. (K) 9 day 200ppm. (L) 9 day 300ppm. (M) 12 day 300ppm.

The results of the study showed that the highest rate of removal of acenaphthylene mediated by S. amatus on the ninth day,
which was 39.5 ppm, and the reason is due to the consumption of components in the cultural medium necessary for the growth
of algae, and therefore algae do not resort to pulling acenaphthylene as a source of carbon until after the lack of nutrients within
the medium (15). The microalgae use hydrocarbons in the process of biodegradation as a source of carbon, converting them
into compounds that benefit from them in their vital activity (16). Other studies also indicated that green algae such as Chlorella
vulgaris and Selenastrum capricornutum are good at removing hydrocarbons in the presence of ammonia and that they become
more effective for removing pollutants, especially acenaphthylene, with the availability of ammonia, in a longer period and in
medium and low concentrations (17). The current results are consistent with (18) although they used lower concentrations of
acenaphthylene pollutants (1, 3, 5, 10, 15, 25, 50) mg/L, but they found that the absorption rate of acenaphthylene gradually
increases by the green algae Coelastrella saipanensis until it reaches a 100% removal rate after 12 days.

The reason for the increased remediation on the third day is due to the increased activity of the dehydrogenase enzyme which
was increased after 3 days of culture, and it has been shown that algae tolerate and effectively degrade polycyclic aromatic
hydrocarbons which may be toxic in the environment and convert the compounds into a non-toxic form.

Furthermore, (19) showed that polycyclic aromatic hydrocarbons in algae react with the cytochrome P450 monooxygenase
enzyme active sites of CYP through hydrogen bonds between molecules, hydrophobic reactions and Van der Waals's reactions,
giving algae the ability to remediate polycyclic aromatic hydrocarbons more efficiently than other microorganisms.

(20) and (21) also reported that although complete degradation of aromatic pollutants s was rare, these organisms were able to
bioconvert aromatic pollutants by converting acenaphthylene into hydroxyl intermediates through processes called hydroxyl
(Table 1, Figure 1).

The results of the statistical analysis showed that there were significant differences between the days at the level of probability
(P<0.05). The the differences were recorded between the first day with each of the third day, the sixth day and the ninth day,
and the third day was recorded with the sixth day at the level of probability (P<0.05).

At the concentration of 200 ppm, the highest removal rate was on the ninth day, which it reached (60.4) ppm. It can be seen
that the green algae S. amatusbegan to remediate low on the first day of the experiment, due to the adaptation of algae to
pollutants, and green algae have a flexible ability to deal with external influences, especially the presence of pollutants in the
medium (22). A noticeable increase in absorption occurred after three days until the ninth day of the experiment, which reflects
strong vital activity and then the start of decline after the ninth day and until the twelfth day of the experiment, and this is
similar to (23) reported, which they indicated that algae differ in their response to hydrocarbon pollution, some of lead to a
decrease and slowdown in growth and others stimulate growth, but in both cases the algae passes through a state or period of
acclimatization, depending on the species of algae and the pollutant and its concentration (24). When comparing the ability and
degradability rate of acenaphthylene, the algae S. amatus started from 4.1 ppm on the first day of the experiment and then
reached a maximum remediating of 60.4 ppm on the ninth day of the experiment, showing a good absorption rate in the early
days, but after the third day, there was a decline in its efficiency, however, this species showed continuity in activity until the
twelfth day, achieving a total removal of 200 ppm. The reason for the decline after the third day of the experiment may be the
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accumulation of acenaphthylene entering the algal cell body, or due to a decrease in photosynthesis. This is consistent with the
study of (25) on Chlamydomonas angulosa which showed that acenaphthylene accumulates in cells in closed cultures for up
to 7 days. Significant differences were found between the days at the level of probability (P<0.05) for concentration 200 ppm.
The differences were recorded between the first day with each of the third day, the sixth day, the ninth day and the twelfth day
of the experiment, and the third day recorded significant differences with both the sixth and twelfth days of the experiment,
and also the differences were found between the ninth day with both the sixth and twelfth days of the experiment at the level
of probability (P<0.05) and at a concentration of 300 ppm. The results indicated that the highest percentage of acenaphthylene
removal at a concentration of 300 ppm on the third day, which it reached (92.5) ppm. Through the experiment, it was found
that S. amatusremoval of acenaphthylene increased from 6.4 ppm on the first day of the experiment to 92.5 ppm on the third
day of the experiment, and then gradually decreased to 35.05 ppm on the twelfth day. It showed a good absorption rate in the
early days but saw a steady decline thereafter. This may be due to the low tolerance or depletion of nutrients it needs to complete
biodegradation or because of the surface area, where the smaller the algae cells, the larger the surface area and their exposure
to the pollutant more widely. This is consistent with (26) when studying the tolerance comparison between the two species of
algae Microcystis aeruginosa and Scenedesmus amatuswhen exposed to different concentrations of one of the cyclic
hydrocarbons as well as they also mentioned that green algae have a more blue-green algae composition than blue-green algae,
and because they are eukaryotic, therefore they have endomembrane systems that enable complex cell structures and an
advanced membrane system to better tolerate the pressures of pollutants.

According to ecotoxicity studies, polycyclic aromatic hydrocarbon pollutants interfere with the algae's antioxidant defense
system and cause membrane lipid oxidation, and when exposure to high concentrations is persistent, cells produce large
numbers of reactive oxides species (ROS), such as O, OH, and H,0O,, which are removed by the antioxidant defense system.
Many species of reactive oxides can also cause or increase the oxidation of membrane lipids, causing severe damage to the
membrane system leading to corrosion and damage to membranes (27). Therefore, we observe a gradual decrease opposite to
the effectiveness of algae by removing high concentrations of acenaphthylene.

Some studies has suggested that organic pollutants can be degraded by algae to provide a source of carbon and a source of
nitrogen, both of which are essential for growth (28). The maximum concentration of pollutant that algae can degrade is defined
as the value of the algae's resistance threshold to the organic pollutant. Once this value is exceeded, the organic pollutant harms
the algae and inhibits their growth, mainly by affecting photosynthesis, respiration, vital membrane and biochemical
construction. The theory of free radical damage is a modern attempt to explain the mechanism of toxicity in cells and is widely
used to explain the toxic actions of heavy metals, organic pollutants and pesticides (26).

Significant differences were found between the days of the first day with each of the third day, the sixth day, the ninth day and
the twelfth day at the level of probability (P<0.05) and the third day recorded significant differences with each of the sixth day,
the ninth day and the twelfth day at the level of probability (P<0.05) and significant differences were found between the sixth
day with both the ninth day and the twelfth day at the level of probability (P<0.05). Through the experiment, it was found that
the green algae S. amatusused had efficient in getting rid of acenaphthylene added to the cultural medium, but at different times
and rates of removal depending on the ability of the algae to adapt to the pollutants and its biological activities. The study
showed that algae have the ability to form enzymes that work to break down dangerous organic compounds and convert
petroleum hydrocarbons into less harmful substances or remove some compounds completely (29). Previous studies have
shown that some algae, including green, red and brown algae, have the ability to decompose some hydrocarbons into
compounds that are less harmful to the environment, suggesting their ability to deal with crude oil pollution (30).

4-CONCLUSION

The research results proved that the algae S. amatus is characterized by resistance to acenaphthylene pollution, as it was able
to consume the acenaphthylene added to the medium after 9 days. This indicates that the moss used acenaphthylene as a source
of carbon after the main nutrients began to run out of the medium. This was found in concentrations of 100 and 200 parts per
million, while the high concentration had a greater impact on the effectiveness of the moss. Despite this, it was able to consume
a large part of the pollutant concentration. We conclude that the moss can be used as an effective treatment for acenaphthylene
with high efficiency in concentrations of 100 and 200 parts per million .

REFERENCES

1. Elsayed, A.K.M., Awad, A.A.E., and Elmosallamy, G., 2024. The development of the aesthetic use of water in interior
design. Journal of Architecture, Arts, and Humanities, https://doi.org/10.21608/mjaf.2024.291287.3406.

|31


https://doi.org/10.21608/mjaf.2024.291287.3406

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

ATJB- Vol.2.No.2.2026, pp.25-33

Izzat, H.B., Al-Faqih, M.H., 2024. Human Factors Affecting the Pollution of the Al-Yusufiyah River in Baghdad
(1990-2021).  Journal  of  the College  of  Basic  Education, 30(124),  pp. 799-817.
https://doi.org/10.35950/cbej.v30i124.11532.

Samanta, M., Mitra, D., 2020. Treatment of petroleum hydrocarbon pollutants in water. Water Pollution and
Remediation: Organic Pollutants, pp. 229-275. http://dx.doi.org/10.1007/978-3-030-52395-4.

Satpati, G.G., Gupta, S., Biswas, R. K., Choudhury, A K., Kim, J. W., and Davoodbasha, M., 2023. Microalgae
mediated bioremediation of polycyclic aromatic hydrocarbons: Strategies, advancement and regulations.
Chemosphere, 344, pp. 140337. https://doi.org/10.1016/j.chemosphere.2023.140337.

Preuss, R., Angerer, J., and Drexler, H., 2003. Acenaphthylene—an environmental and occupational toxicant.
International  Archives  of  Occupational — and  Environmental  Health, 76(8), pp. 556-576.
https://doi.org/10.1007/s00420-003-0458-1.

Ibrahim, T.M., Nayyef, R..H, and AL-Magdemy, B.A.A.H., 2020. Effect of algal extracts on the the growth of tow
bacterial types isloated from pollutants discharge. Indian Journal of Forensic Medicine and Toxicology, 14(1), pp.741-
744. https://doi.org/10.37506/ijfmt.v14i1.140.

Ahmad, A., Banat, F., Alsafar, H., and Hasan, S.W., 2022. Algae biotechnology for industrial wastewater treatment,
bioenergy production, and high-value bioproducts. Science of The Total Environment, 806, pp. 150585.
https://doi.org/10.1016/j.scitotenv.2021.150585.

Radice, R. P., De Fabrizio, V., Donadoni, A., Scopa, A., and Martelli, G., 2023. Crude oil bioremediation: From
bacteria to microalgae. Processes, 11(2), pp. 442. https://doi.org/10.3390/pr11020442.

AL-Magdamy, B.A.A.H. 2019. A study of qualitative, classification soil algae in some areas from Baghdad, Iraq.
Plant Archives, 19, pp. 1949-1952.

Mhlongo, N. A., et al. (2023). Enhanced biodegradation of phenanthrene and anthracene using a microalgal—
bacterial consortium. Frontiers in Microbiology, 14, 1227210.

Prescott, G.W., 1973. Algae of the western Great Lakes Area. William, C. Brown Co., Publ. Dubuque, lowa, pp. 977.
Sui, Y., Jiang, Y., Moretti, M., and Vlaeminck, S.E., 2020. Harvesting time and biomass composition affect the
economics of microalgae  production. Journal of Cleaner  Production, 259, pp. 120782.
https://doi.org/10.1016/j.jclepro.2020.120782.

Baumgartner, T.R., da S., Burak, J.A.M., Kogikoski, M.E., Sebastien, N.Y., and Arroyo, P.A., 2013. Avaliac¢do da
produtividade da microalga Scenedesmus acuminatus (Lagerheim) Chodat em diferentes meios de cultivo. Revista
Brasileira de Biociéncias, 11(2). http://www.ufrgs.br/seerbio/ojs/index.php/rbb/article/download/2541/1194.
Shamar, J.M., 2009. Separation and identification of acenaphthylene, acenaphthylene, pyrene, benz(a) anthracene and
1,3,2,4-dibenzanthracene. Journal of Al-Nahrain University, 12(4), Pp. 14-24.
https://anjs.edu.ig/index.php/anjs/article/view/1163.

Pathak, B., Gupta, S., and Verma, R., 2018. Biosorption and BiodegradationOf Polycyclic Aromatic Hydrocarbons
(PAHSs) by Microalgae, Chapter 7 In: Green adsorbent for pollutant removal. Springer International Publishing AG,
part of Springer Nature, pp. 215-247. https://doi.org/10.1007/978-3-319-92111-2 7

Sanches, S., Martins, M., Silva, A.F., Galinha, C.F., Santos, M.A., Pereira, I.A.C., and Crespo, M.T.B., 2017.
Bioremoval of priority polycyclic aromatic hydrocarbons by a microbial community with high sorption ability.
Environmental Science and Pollution Research International, 24(4), 3550-3561. https://doi.org/10.1007/s11356-016
8014-1

Jalinousia, S., Moghadassi, A., Joudaki, E., and Mahdieh, M., 2024. Investigating the Effect of Hydrocarbon
Concentration on Ammonia Removal by Chlorella vulgaris in an Airlift Photobioreactor. [ranian Journal of
Chemistry and Chemical Engineering, 43(6), pp. 2518-2530. https://doi.org/10.30492/ijcce.2024.2006737.6120.
Khuder, K., Alghanmi, H.A., and Abdul Ameer, M.A., 2024. Bioremediation of Acenaphthylene by the
Chlorophycean Coelastrella saipanensis. Egyptian Journal of Aquatic Biology & Fisheries , 28(2), pp. 1093 — 1100.
https://dx.doi.org/10.21608/ejabf.2024.353160.

Kumar, B., Verma, V., Gaur, R., Kumar, S., Sharma, C., and Akolkar, A., 2014. Validation of HPLC method for
determination of priority polycyclic aromatic hydrocarbons (PAHs) in waste water and sediments. Advances in
Applied Science Research, 5(1), pp. 201-209.

Semple, K.T., Cain, R.B., and Schmidt, S., 1999. Biodegradation of aromatic compounds by microalgae. FEMS
Microbiology Letters, 170(2), pp. 291-300. https://doi.org/10.1111/].1574-6968.1999.tb13386.x.

Sonune, N. 2021. Microbes: a potential tool for bioremediation. Rhizobiont in bioremediation of hazardous waste.
Springer, Singapore, pp. 391-407. https://doi.org/10.1007/978-981-16-0602-1_17.

Khalaf, S.M., Hassan, F.M., and Al-Obaidy, A.H.J., 2019. Detection of polycyclic aromatic hydrocarbons compounds
concentrations and their fate in Tigris River within Baghdad City-Iraq. The Iraqi Journal of Agricultural Science, 50,
pp. 231-244. https://doi.org/10.36103/ijas.v50iSpecial.194.

|32


https://doi.org/10.35950/cbej.v30i124.11532
http://dx.doi.org/10.1007/978-3-030-52395-4
https://doi.org/10.1016/j.chemosphere.2023.140337
https://doi.org/10.1007/s00420-003-0458-1
https://doi.org/10.37506/ijfmt.v14i1.140
https://doi.org/10.1016/j.scitotenv.2021.150585
https://doi.org/10.3390/pr11020442
https://doi.org/10.1016/j.jclepro.2020.120782
http://www.ufrgs.br/seerbio/ojs/index.php/rbb/article/download/2541/1194
https://anjs.edu.iq/index.php/anjs/article/view/1163
https://doi.org/10.1007/978-3-319-92111-2_7
https://doi.org/10.1007/s11356-016%208014-1
https://doi.org/10.1007/s11356-016%208014-1
https://doi.org/10.30492/ijcce.2024.2006737.6120
https://dx.doi.org/10.21608/ejabf.2024.353160
https://doi.org/10.1111/j.1574-6968.1999.tb13386.x
https://doi.org/10.1007/978-981-16-0602-1_17
https://doi.org/10.36103/ijas.v50iSpecial.194

23.

24.

25.

26.

27.

28.

29.

30.

ATJB- Vol.2.No.2.2026, pp.25-33

Ezenweani, R.S. and Kadiri, M.O., 2023. Resilience and bioresponse of two marine algae to petroleum fuel pollution.
Applied Phycology, 4(1), pp. 54—77. https://doi.org/10.1080/26388081.2023.2185815.

Bretherton, L., Williams, A., Genzer, J., Hillhouse, J., Kamalanathan, M., Finkel, Z. V., and Quigg, A., 2018. The
physiological response of ten phytoplankton species exposed to macondo oil and the dispersant, corexit. Journal of
Phycology, 54(3), pp. 317-328. https://doi.org/10.1111/jpy.12625.

Soto, C.J., Hellebust A., and Hutchinson ,T.C., 1975. Effect of acenaphthylene and aqueous crude oil extracts on the
green flagellate Chlamydomonas angulosa. II. Photosynthesis and the uptake and release of acenaphthylene. Canadian
Journal of Botany, 53(2), 109-117. https://doi.org/10.1139/b75-018.

Jin, X., Jiang, J., Sheng, L., and Jin, M., 2014. Interspecies Competition between Microcystis aeruginosa and
Scenedesmus amatusunder Phenanthrene Stress. Polish Journal of Environmental Studies, 23(5), pp. 1609-1616.
Wang L.P., Zeng B.H., and Meng W., 2008. Effects of fluoran thene on growth, SOD activity and DA content of two
marine diatoms. Marine Science Bulletin, 27(4), pp. 53.

Zhang T.T., Zheng C Y., He M., Wu A. P., Nie L.W., 2009. The inhibitory mechanism of linoleic acid on Microcystis
aeruginosa. China Environmental, 29(4), pp. 419.

Dell'Anno, F., Rastelli, E., Sansone, C., Brunet, C., lanora, A., and Dell'Anno, A., 2021. Bacteria, fungi and
microalgae for the bioremediation of marine sediments contaminated by petroleum hydrocarbons in the omics era.
Microorganisms, 9(8), pp. 1695. https://doi.org/10.3390/microorganisms9081695.

Naeem, U., Qazi, M.A., 2020. Leading edges in bioremediation technolo gies for removal of petroleum hydrocarbons.
Environmental Science and Pollution Research,27(22), pp. 27370-27382. https://doi.org/10.1007/s11356-019-06124-
8.

133


https://doi.org/10.1080/26388081.2023.2185815
https://doi.org/10.1111/jpy.12625
https://doi.org/10.1139/b75-018
https://doi.org/10.3390/microorganisms9081695
https://doi.org/10.1007/s11356-019-06124-8
https://doi.org/10.1007/s11356-019-06124-8

