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Abstract: Environmental pollution from crude oil and its derivatives poses a significant environmental challenge due 

to the presence of toxic hydrocarbons such as benzene, phenols, and polycyclic aromatic hydrocarbons (PAHs). 

Bioremediation has emerged as an environmentally friendly alternative to conventional chemical and physical methods. In 

this study, the filamentous fungus Aspergillus niger was used to synthesize silver nanoparticles (AgNPs) using cell filtrate 

as a green, low-cost, and sustainable approach. The resulting nanoparticles were characterized via visual observation, 

ultraviolet-visible (UV-Vis), and FTIR spectroscopy, confirming their formation and stability. Subsequently, the efficacy 

of A. niger alone and in combination with AgNPs in treating crude oil-contaminated water samples was evaluated. The 

results demonstrated a significant reduction in total petroleum hydrocarbon (TPH) concentrations and a significant 

degradation of PAHs. Treatment with the A. niger-AgNP mixture demonstrated superior performance compared to using 

fungi alone, particularly in degrading complex and stubborn hydrocarbon compounds. These results confirm the potential 

of nano-assisted fungal biotechnology as a promising option for sustainable environmental remediation. 
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INTRODUCTION 
Since the discovery and use of crude oil, problems with environmental contamination have emerged and are now 

posing a threat to human existence. rose environmental contamination issues, including the potential for oil spills and other 

oil wastes to move to water surfaces, began to materialise as oil production and consumption rose. Because of the large 

amounts of its derivatives and toxic compounds that have extremely negative effects on both humans and animals, one of 

the worst types of pollutants is oil [1]. Oil is harmful because it contains a lot of hydrocarbons, including the carcinogenic 

chemical benzene. Furthermore, ether and gasoline, which are hazardous substances in large amounts, are found in oil. 

Furthermore, the oil's phenolic chemicals are one of the things that cause allergy when inhaled. When combined, these 

effects have the potential to kill aquatic life. Hydrogen sulphide and other harmful gases are also present in oil, particularly 

crude oil, and are released when hydrocarbon particles disintegrate or evaporate [2]. One of the most significant and secure 

methods for removing oil contaminants from water is biodegradation [3]. Microorganisms, such as bacteria, fungus, and 

algae, accomplish this process by consuming the hydrocarbons found in the oil. The type of microbe determines the extent 

of intake [4]. Biological treatment is conducted through the breakdown of oil hydrocarbon compounds by microorganisms 

and conversion into simple and environmentally friendly chemicals such as carbon, carbon dioxide, nitrogen, phosphorous 

and others  [5]. The use of fungi has recently been witnessed in the field of biological treatment and disposal of the 

environmental pollutants that are caused by oil waste, such as Aspergillus. It was discovered that these animals frequently 

eat the hydrocarbons found in petroleum products [6]. The process of nanotechnology works with particles that are between 

1 and 100 nm [7]. Physically, chemically, and structurally, nanomaterials are different from their larger counterparts. Their 

nanoscale shape and size are responsible for their remarkable magnetic, electrical, and optical properties as well as their 

surface activity [8]. Nanotechnology, which enhances the qualities of fungi at a low cost, is one of the new and creative 

techniques that have been presented recently to regulate and minimise environmental pollution [9]. The goal of this work 

is to create and analyse silver nanoparticles using an extract of the fungus Aspergillus nigar. These NPs' efficacy in cleaning 

up oil contaminants in water were assessed. 
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MATERIALS AND METHODS 
Maintenance of Fungal Strains  

The A. niger strain of fungus was obtained and its acquisition was through a soil sample, which was identified by 

PCR method. The fungus was subcultured on Potato Dextrose Agar (PDA) (Oxoid, India) at 28 o Cover 96 hours and then 

preserved at 4 o C until used in the biosynthesis of AgNPs. 

 

Production of Fungal Biomass 

A. niger was grown aerobically in potato dextrose broth in order to preset the fungal biomass to give nanoparticles. 

As an antibacterial agent, chloramphenicol (50 µg/mL) was added to the soup. The flasks of the said media were incubated 

at 28 o C, in a 7 days shaking incubator (Lab Tech, India) and stirredration at 100 rpm. Isolation of fungal mycelia Fungal 

mycelia were then isolated on broth through filtration with sterile Whatmann filter paper No. 1 and the isolated mycelia 

rinsed (3 times) with sterile distilled water to remove any medium constituents that may still interact with metal ions. A 

fungal mass of 20 grammes was put in 200 ml deionized water and allowed to stand at 72 hours and agitated in the same 

manner. The cell filtrate was then obtained through filtration after the incubation. The filtrate was then used to obtain 

nanoparticles [10]. 

 

Preparation of Nanoparticles by Biomimic 

In order to prepare silver nanoparticles (AgNPs) 50 ml of cell-free filtrate was added to 50 ml of 1 mM AgNO3 

in a 250 ml Erlenmeyer flask and left to incubate in a shaking incubator at 150 rpm and 28C. At the same time, a positive 

control of cell filtrate without metal salts and the negative control of only metal salt solutions were also performed in 

parallel with the experimental flasks [11]. The mixtures of all reactions were kept in the dark in order to avoid any 

photochemical reaction throughout the experiment. 

 

Characteriszation of Biosynthesized Silver Nanoparticles 

UV-Vis Spectroscopic Study 

AgNPs were identified mainly by the colour change of fungus filtrate after the treatment with silver nitrate that 

was performed by the visual examination. The appearance of a dark brown color in the fungal cell filtrate is an indication 

of the production of silver nanoparticles as a result of reduction of pure silver ions. To confirm the production of AgNPs, 

a dual beam UV-Visible spectrophotometer (SPEKOL1300, Germany) was used to sample 1 cm 3 of reaction solution at 

different time intervals and scan the absorbance spectra at wavelengths 300700 nm at a wavelength resolution of 1 nm. 

 

Ultraviolet Spectroscopy (UV Spectroscopy) 

Using an FTIR spectrophotometer (Bruker Tensor 27, Germany) in the 500–4000 cm-1 range, the interaction 

between the biosynthesized AgNPs and the biomolecules responsible for their reduction, capping, and stabilisation in 

colloidal solution was examined. 

 

Improving the Production of AgNPs 

The most efficient and effective production of AgNPs was achieved by standardising a number of variables, 

including growth medium, temperature, pH, silver nitrate concentration, and duration. For the sake of repeatability, the 

experiments were carried out three times. The solutions with different reaction conditions were monitored using a UV 

Visible spectrophotometer. 

 

Water Collection 

In september 2024, water samples were taken from two different locations. Dark glass vials were used to collect 

water samples, which were subsequently cooled and transported to the laboratory for analysis. 

 

Biological Treatment of Industrial Wastewater Using Aspergillus Fungi and A. Nigar-AgNP 

Aspergillus nigar were selected as follows: 

A. They were cultured in solid PDA medium and grown. The most frequent fungi during the study period were then 

selected and transferred to liquid PDB medium. 

B. The fungi were grown on PDB medium. 250 ml of the medium and 10 ml of contaminated water were added to 

the medium in a 500 ml transparent glass bottle. The culture was incubated for five days at 28-25°C. 

C. A sample of the fungi grown in the above paragraph (B) was taken and cultured in PDB medium. 250 ml of the 

medium and 20 ml of contaminated water were added to the culture in a 500 ml transparent glass bottle. The 

culture was incubated for five days at 28-25°C. Th- A sample of the growing fungi in the above paragraph (T) 

was taken and cultivated in 500 ml transparent glass bottles, then 250 ml of industrial wastewater was added to it, 

and 10 ml of PDB medium was added and incubated for five days at a temperature of 28-25 degrees Celsius, then 

it was filtered with 0.45 micrometer filter paper and physical, chemical and heavy elements tests were conducted 

on it. The same procedure was done to the A.niagr only and A.nigar-AgNP which was used in the experiment in 
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two replicas. The nanoparticle was added to the mixture twice. Moreover, the negative control (water with A.nigar 

but without nanoparticles) and positive control (water with nanoparticles) were used. 

 

Extraction of Hydrocarbon Compounds from Samples 

Hydrocarbon chemicals were extracted from water samples using the UNEP [12], technique. 

PAHs Sources 

The following ratios were used to assess the sources of PAHs: 

a. The ratio of molecular weights, measured in ratio of low to high (LPAHs/HPAHs). Crude oil and its byproducts 

are considered petrogenic sources when the value is greater than one, and pyrogenic sources when the value is 

less than one [13]. 

b. The ratio of phenanthrene to anthracene Ratio values below one indicate pyrogenic hydrocarbon origins, while 

ratio values over one indicate petrogenic origins [14]. 

c. The fluoranthene to pyrene ratio. The sources that are considered petrogenic are those with a ratio below one, 

whereas those that are considered pyrogenic are those with a ratio greater than one [15]. 

 

Analysis of Samples 

The spectrofluorometric method was used to determine the quantities of TPHs in the samples, while the shimadzo 

method was used to determine the concentrations of PAHs Following the method outlined by Barnes et al., [16] 

chromatography is used to test pollutants, and the fungus's purifying effectiveness is determined by comparing the data. 

 

Estimating the Efficiency of the Treatment Unit 

The percentage of removal was calculated according to the following equation  

 

Percentage of removal =
 𝑪𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏 𝒐𝒇 𝒕𝒉𝒆 𝒑𝒐𝒍𝒍𝒖𝒕𝒂𝒏𝒕 𝒃𝒆𝒇𝒐𝒓𝒆 𝒕𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕 − 𝑪𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏 𝒐𝒇 𝒕𝒉𝒆 𝒑𝒐𝒍𝒍𝒖𝒕𝒂𝒏𝒕 𝒂𝒇𝒕𝒆𝒓 𝒕𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕 × 𝟏𝟎𝟎

𝑪𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒊𝒐𝒏 𝒐𝒇 𝒕𝒉𝒆 𝒑𝒐𝒍𝒍𝒖𝒕𝒂𝒏𝒕 𝒃𝒆𝒇𝒐𝒓𝒆 𝒕𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕
 

 

RESULTS 
The goal of this work was to optimise SNPs through biosynthesis, characteriszation, and optimisation. The cell-

free filtrate of A. niger was used to reduce aqueous silver ions (Ag+), allowing for the biological synthesis of silver 

nanoparticles (SNPs). Assessment of silver nanoparticles (SNPs) produced through biological means: After the A. niger 

growth phase was over, the cell-free filtrate was used to make silver nanoparticles (SNPs). The filtrate had a little yellowish 

hue at first. After the filtrate was mixed with AgNO3, the mixture turned a deeper yellowish-brown colour. After the 

reaction with Ag+ ions was complete, it turned a dark brown. The presence of SNPs in the reaction mixture was confirmed 

by the colour shift, which was exclusively seen in the test flask. No colour change was observed in the two control flasks 

that were incubated under the same conditions: the one with the aqueous AgNO3 solution and the one with the fungal 

filtrate that did not include AgNO3 (Figure 1). 

 

 
Figure 1: Culture flasks containing (A) 1mM of AgNO3 solution, (B) Mixture of fungal cell-free filtrate with 1mM 

AgNO3. 

 

Characterization of Ag Nanoparticles Using UV-Visible Analysis 

As shown in Figure 2, the UV-Vis spectra of the silver nanoparticles synthesized by A. nigar extract shows a 

distinct peak at 436 nm, which is a result of the surface plasmon resonance (SPR) of such nanoparticles. This indicates 

fairly homogeneous distribution of particle sizes and a range of 20-50 nm size of nanoparticles. In addition, there is a minor 

peak at approximately 290 nm. Possible chemical constituents in the A. nigar extract that absorb UV light in this region 

include phenolics and aromatic compounds, which could explain this peak. It could also be the result of artefacts in the 

instrument or ambient noise. 
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Fig. 2: The characteristic surface plasmon resonance (SPR) peak at about 410 nm is visible in the ultraviolet-

visible spectra of silver nanoparticles produced with A. nigar extract. 

 

Characterization of Ag Nanoparticles Using FTIR 

Figure 3 shows the FTIR spectrum of silver nanoparticles synthesised by A.nigar extract. IR spectroscopy of the 

A.nigar extract indicated the existence of functional group alcohols, phenols, amides and probably amines at 3500 cm⁻¹ 

(O-H stretching), 2100 cm⁻¹ (C-H stretching), 1637 cm⁻¹ (C=O stretching) and 1541 cm⁻¹ (N-H bending). The small signal 

at 420 cm⁻¹ is possible M-O bending vibrations which can be used to suggest the interaction of these biomolecules with 

the surface of the silver nanoparticles. 

 

 
Fig. 3: The FTIR spectrum of silver nanoparticles synthesized using A. nigar extract 

 

Before and after treatment with A. nigar and AgNP, the amounts of TPHs in the water samples shown in figure 

(4) varied between 2.6 and 1.21 μg/l, respectively. 
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Figure 4: concentrations of TPHs (μg /l) in water samples before and after treatment with A. nigar. and A.nigar-

AgNP 

 

PAHs in Water 

The GC-MS was used to examine the remaining PAHs. The amounts of the ten unsubstituted PAHs (EPA 10 

PAHs) that are on a priority pollution list vary from one oil to another, and they are the most often tested PAHs. The crude 

oil utilized in this investigation contained ten of these PAHs: acenaphthene, naphthalene, acenaphthylene, fluorene, 

phenanthrene, pyrene, Benzo[k]fluoranthene, Dibenzo[a,h]anthracene were. 

 

Table(1) shows that when comparing A. nigar, and A.nigar-AgNP the former had a higher percentage of PAH 

decomposition. 

 

Table 1: The percentage of breakdown for each component of the PAH fraction of crude oil as determined by gas 

chromatographic mass spectrometry 

Name of compound Treatment with 

A. nigar 

Treatment with 

nanoparticles 

Naphthalene 70% 74% 

Acenaphthylene 95% 94% 

Acenaphthlene 77% 75% 

Fluorene 80% 78% 

phenanthrene 82% 83% 

pyrene 65% 67% 

Benzo[k]fluoranthene 77% 74% 

Dibenzo[a,h]anthracene 100% 97% 

 

Table (2) showed the ratios of individuals PAHs which were decreased after treatment with Aspergillus nigar and 

nanoparticles. 

 

Table 2: Ratios of individuals PAHs in water samples before and after bioremediation 

The equation Before treatment Treatment with 

B. nigar 

Treatment with 

A.nigar-AgNP 

∑Low PAHs 6000.01 450.12 370.22 

∑high PAHs 9237.3 766.1 555.3 

LPAHS/HPAHs 0.6788 0.0061 0.0040 

Phe/Ant 0 0 0 

Flu/Pyr 0 0 0 

 

DISCUSSION 
This study found Aspergillus nigar and silver nanoparticles effective in treating crude oil-contaminated water. 

The outcome matched Al-Dhabaan et al., [17]. Biodegradability of crude oil was tested on 22 fungus isolates. Only three 

isolates showed hydrocarbon oxidation and potential biodegradation, as Czapek's broth from blue to colourless. The isolates 

were A. fumigatus and A. niger. A. niger degrades the most among fungal isolates. Aspergillus was the most common 

fungus species at 60% in Ahmed et al., [18]. This genus contains a wide range of plants that can survive in deserts and oil-

polluted soils. Asexual conidia can resist stress, and sexual ascospores help Aspergillus spread [19]. Fungal genera' 
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resilience and adaptability to harsh conditions, tolerance to diverse temperature ranges, ability to secrete enzymes that 

decompose substrates for energy and growth, and prolific production of reproductive units that promote environmental 

dissemination may explain their prevalence [20]. Similar to Minati and Mohammed-Ameen [21], Aspergillus was the most 

common isolated species in their study. Numerous fungal species decompose PAHs like naphthalene, phenanthrene, 

fluoranthene, chrysene, pyrene, and benzo[a]pyrene [22]. According to Barnes et al., [16], fungal isolates exposed to crude 

oil and related PAHs grew and used PAHs better, making them a better carbon and energy source. The marine-derived 

fungi used in this study had an advantage in adapting to and living in the contaminated environment due to their exceptional 

tolerance for high salinity, broad pH, and temperature and change. All results showed that Aspergillus sp. removed fewer 

polycyclic aromatic hydrocarbons (PAHs) from water samples as crude oil concentrations increased, as hydrocarbon 

pollutants inhibit microorganism enzymatic activity [23]. 

 

These results are consistent with Hadibarata and Tachibana [24], who concluded that crude oil concentration 

reduced the breakdown rates. The higher the concentration of crude oil the lower the hydrocarbon breaking ability of fungi. 

Because Penicillium sp. and Aspergillus sp. rely on hydrocarbons as the only source of carbon and energy to synthesize 

their cell walls, the amount of polycyclic aromatic hydrocarbons (PAHs) in soil samples contaminated with crude oil went 

down after the introduction. Increasing biomass produces carbon dioxide and water as byproducts. Special enzymes 

produced by fungal extracellular enzymatic systems break down hydrocarbon molecules into smaller components [25]. 

Sari et al., [26], tested Penicillium and Aspergillus sp. to degrade polycyclic aromatic hydrocarbons (PAHs) in crude oil 

samples from Siak Petroleum Company in Riau, Indonesia. The study appeared in Environmental Research Letters. Several 

studies have indicated that Aspergillus species break down polycyclic aromatic hydrocarbons (PAHs) better than 

Penicillium species. Fungi species and crude oil concentration affect crude oil biodegradation. Previous research suggests 

Aspergillus sp. can break down LMW PAHs better [27]. LMW PAHs breakdown faster due to their increased volatility 

and water solubility. However, heavy metal ion PAHs have low bioavailability and high organic matter sorption rates, 

making them difficult to remove from soil [28]. Using crude oil as the only carbon source, this study studied PAHs' complex 

hydrocarbon fate. Several fungi may use PAHs entirely for carbon and energy synthesis [29]. Previous studies have shown 

that PAH is degraded by fungi with another carbon source [30]. 

 

Many biological materials have been used in nanoparticle biosynthesis investigations. Shah et al., synthesised 

AgNPs from Silybum marianum plant extract [31], and Abd-Elhady et al., biologically synthesised extracellular AgNPs 

from Streptomyces aizuneusis [32]. Fungi-mediated nanoparticle (NP) synthesis has many advantages over previous 

approaches. Adjusting reaction settings to optimise NP characteristics is a major benefit. This method could be 

revolutionary because to the high surface-to-volume ratio of the NPs and their dual role as antibacterial and bioactive fungal 

capping agents. During AgNPs biosynthesis reaction parameter optimisation, a brown colour indicated colloidal silver 

particle production in the medium. The reduction of silver ions in the aqueous solution may increase the number of 

synthesised nanoparticles, increasing colour intensity [33]. 

 

CONCLUSION 
This study demonstrated the successful synthesis of silver nanoparticles using the fungus Aspergillus niger and 

their effective application in the treatment of crude oil-contaminated water. The combination of fungi and nanoparticles 

enhanced the removal efficiency of both total petroleum hydrocarbons (TPH) and polycyclic aromatic hydrocarbons 

(PAHs) compared to using fungi alone. This nano-fungal remediation approach offers multiple advantages, including lower 

cost, environmental friendliness, and the ability to target complex hydrocarbon contaminants. Therefore, the integration of 

fungal biotechnology with nanotechnology represents a promising direction for developing sustainable and widely 

applicable solutions to reduce environmental pollution caused by crude oil and its derivatives. 

 

REFERENCES 
1. Alexander M, Engel LS, Olaiya N, Wang L, Barrett J, Weems L, et al. The deepwater horizon oil spill coast guard 

cohort study: A cross-sectional study of acute respiratory health symptoms. Environ Res. 2018; 162: 196-202. 

https://doi.org/10.1016/j.envres.2017.11.044 

2. Amir-Heidari P, Arneborg L, Lindgren JF, Andreas L, Rosen L, Raie M, et al. state-of-the-art model for spatial and 

stochastic € oil spill risk assessment: a case study of oil spill from a shipwreck. Environ Int. 2019; 126: 309e320. 

https://doi.org/10.1016/j.envint.2019.02.037  

3. Mohammed DB, Abbas AH, Ali AMA, Abed EH. Biodegradation of Anthracene Compound by Two Species of 

Filamentous Fungi. Baghdad Sci J. 2018; 5(1): 43-47. http://dx.doi.org/10.21123/bsj.2018.15.1.0043 

4. Hauptfeld E, Pelkmans J, Huisman TT, Anocic A, Snoek BL, von Meijenfeldt FAB, et al. A metagenomic portrait of 

the microbial community responsible for two decades of bioremediation of polycontaminated groundwater. Water Res. 

2022; 221:118767. https://doi.org/10.1016/j.watres.2022.118767 

5. Dhar K, Subashchandrabose SR, Venkateswarlu K, Krishnan K, Megharaj M. Anaerobic Microbial Degradation of 

Polycyclic Aromatic Hydrocarbons: A Comprehensive Review, in: de Voogt, P. (Ed.), Reviews of Environmental 

http://www.sarpublication.com/sarjbab


 

Rand Salwan Numan, South Asian Res J Bio Appl Biosci; Vol-8, Iss-2 (Mar-Apr, 2026): 93-100 

© South Asian Research Publication, Bangladesh            Journal Homepage: www.sarpublication.com  99 

 

Contamination and Toxicology . Springer International Publishing, Cham. 2020; 251 pp. 25–108. 

https://doi.org/10.1007/398_2019_29.  

6. Liu Q, Tang J, Gao K, Gurav R, Giesy JP. Aerobic degradation of crude oil by microorganisms in soils from four 

geographic regions of China. Sci Rep. 2017; 7: 14856. https://doi.org/10.1038/s41598-017-14032- 5.  

7. Hasson SO, Salman SAk, Hassan SF, Abbas SM. Antimicrobial Effect of Eco- Friendly Silver Nanoparticles Synthesis 

by Iraqi Date Palm (Phoenix dactylifera) on Gram-Negative Biofilm-Forming Bacteria. Baghdad Sci J. 2021; 18(4): 

1149-1156. http://dx.doi.org/10.21123/bsj.2021.18.4.1149.  

8. Alsharari SS, Alenezi MA, Al Tami MS, Soliman M. Recent advances in the Biosynthesis of Zirconium Oxide 

Nanoparticles and their Biological Applications. Baghdad Sci J. 2023; 20(1): 41-57. 

https://dx.doi.org/10.21123/bsj.2022.7055 

9. Khalafi T. Phycosynthesis and Enhanced Photocatalytic Activity Of Zinc Oxide Nanoparticles Toward Organosulfur 

Pollutants. Scie Rep. 2019; 9: 6866. https://doi.org/10.1038/s41598-019-43368-3 

10. Vigneshwaran, N.; Ashtaputre, N.M.; Varadarajan, P.V.; Nachane, R.P.; Paralikar, K.M. and Balasubramanya, 

R.H.(2007).Biological synthesis of silver nanoparticle using the fungus Aspergillus flavus, Materials Letters, 61: 413– 

1418.  

11.  Basavaraja, S., Balaji, S.D., Arunkumar, L., Avenkataraman, A. (2008). Extracellular biosynthesis of AgNPs using 

the fungus Fusarium semi 

12. UNEP (United Nation Environment Program).(1989).Comparative toxicity test of water accommodated fraction of 

oils and oil dispersants to marine organisms. Reference methods for Marine pollution. 

13. Vrana B, Paschke A, Popp P. Polyaromatic hydrocarbon concentrations and patterns in sediments and surface water 

of the Mansfeld region, Saxony-Anhalt, GermanyElectronic Supplementary Information available. See http://www. 

rsc. org/suppdata/em/b1/b104707h. Journal of Environmental Monitoring. 2001;3(6):602-9. 

14. Beg MU, Gevao B, Al-Jandal N, Beg KR, Butt SA, Ali LN, Al-Hussaini M. Polycyclic aromatic hydrocarbons in three 

varieties of fish from Kuwait Bay. Polycyclic Aromatic Compounds. 2009 Apr 27;29(2):75-89. 

15. Qiu YW, Zhang G, Liu GQ, Guo LL, Li XD, Wai O. Polycyclic aromatic hydrocarbons (PAHs) in the water column 

and sediment core of Deep Bay, South China. Estuarine, Coastal and Shelf Science. 2009 Jun 10;83(1):60-6. 

16. Barnes NM, Damare SR, Bhatawadekar VC, Garg A, Lotlikar NP. Degradation of crude oil-associated polycyclic 

aromatic hydrocarbons by marine-derived fungi. 3 Biotech. 2023;13(10):335. doi:10.1007/s13205-023-03753-2 

17. Al-Dhabaan FA. Mycoremediation of crude oil contaminated soil by specific fungi isolated from Dhahran in Saudi 

Arabia. Saudi Journal of Biological Sciences. 2021 Jan 1;28(1):73-7. 

18. Ahmed ZA, Al-Dossary MA, Al-Khatib FM. Fungal diversity in crude oil-contaminated soils in Basrah province with 

a preliminary study of its ability to biodegrade crude oil, (2023): 58-64. 

19. Cray JA, Bell AN, Bhaganna P, Mswaka AY, Timson DJ, Hallsworth JE. The biology of habitat dominance; can 

microbes behave as weeds?. Microbial biotechnology. 2013 Sep;6(5):453-92. 

20. Taylor DL, Sinsabaugh RL. The soil fungi: occurrence, phylogeny, and ecology. Soil microbiology, ecology, and 

biochemistry. 2015;4:77-109. 

21. Minati MH, Mohammed-Ameen MK. Fungal diversity of winter wheat parts, seed and field soil in Iraq, Basra 

province. InIOP Conference Series: Materials Science and Engineering 2020 Nov 1; 928(6):062004. 

22. Premnath N, Mohanrasu K, Rao RG, Dinesh GH, Prakash GS, Ananthi V, Ponnuchamy K, Muthusamy G, Arun A. A 

crucial review on polycyclic aromatic Hydrocarbons-Environmental occurrence and strategies for microbial 

degradation. Chemosphere. 2021 Oct 1;280:130608. 

23. Bokade P, Bajaj A. Molecular advances in mycoremediation of polycyclic aromatic hydrocarbons: Exploring fungal 

bacterial interactions. Journal of Basic Microbiology. 2023 Mar;63(3-4):239-56. 

24. Hadibarata T, Tachibana S. Microbial degradation of crude oil by fungi pre-grown on wood meal. Interdisciplinary 

Studies on Environmental Chemistry-Environmental Research in Asia. 2009;2009:317-22. 

25. Mohsenzadeh F, Chehregani Rad A, Akbari M. Evaluation of oil removal efficiency and enzymatic activity in some 

fungal strains for bioremediation of petroleum-polluted soils. Iranian journal of environmental health science & 

engineering. 2012 Dec;9:1-8. 

26. Sari GL, Trihadiningrum Y. Petroleum hydrocarbon pollution in soil and surface water by public oil fields in 

Wonocolo sub-district, Indonesia. Journal of Ecological Engineering. 2018;19(2):184-93. 

27. Hadibarata T, Kristanti RA, Bilal M, Al-Mohaimeed AM, Chen TW, Lam MK. Microbial degradation and 

transformation of benzo [a] pyrene by using a white-rot fungus Pleurotus eryngii F032. Chemosphere. 2022 Nov 

1;307:136014. 

28. Alotaibi FS, Alrajhi A, Alharbi S. Bioremediation of High Molecular Weight Polycyclic Aromatic Hydrocarbons. 

Microbes Based Approaches for the Management of Hazardous Contaminants. 2024 Aug 21:378-89. 

29. Alotaibi FS, Alrajhi A, Alharbi S. Bioremediation of High Molecular Weight Polycyclic Aromatic Hydrocarbons. 

Microbes Based Approaches for the Management of Hazardous Contaminants. 2024 Aug 21:378-89. 

30. Elyamine AM, Kan J, Meng S, Tao P, Wang H, Hu Z. Aerobic and anaerobic bacterial and fungal degradation of 

pyrene: mechanism pathway including biochemical reaction and catabolic genes. International journal of molecular 

sciences. 2021 Jul 30;22(15):8202. 

http://www.sarpublication.com/sarjbab


 

Rand Salwan Numan, South Asian Res J Bio Appl Biosci; Vol-8, Iss-2 (Mar-Apr, 2026): 93-100 

© South Asian Research Publication, Bangladesh            Journal Homepage: www.sarpublication.com  100 

 

31. Shah M, Nawaz S, Jan H, Uddin N, Ali A, Anjum S, et al. Synthesis of bio-mediated silver nanoparticles from Silybum 

marianum and their biological and clinical activities. Mater Sci Eng C Mater Biol Appl. 2020; 112: 110889. 

https://doi.org/10.1016/j.msec.2020.110889. 

32. Abd-Elhady HM, Ashor MA, Hazem A, Saleh FM, Selim S, El Nahhas N, et al. Biosynthesis and Characterization of 

Extracellular Silver Nanoparticles from Streptomyces aizuneusis: Antimicrobial, Anti Larval, and Anticancer 

Activities. Molecules. 2021; 27(1): 212. https://doi.org/10.3390/molecules27010212. 

33. Lotfy, W. A.; Alkersh, B. M.; Sabry, S. A. and Ghozlan, H. A. (2021). Biosynthesis of silver nanoparticles by 

Aspergillus terreus: characterization, optimization, and biological activities. Frontiers in bioengineering and 

biotechnology, 9: 633468. doi: 10.3389/fbioe.2021.633468. 

http://www.sarpublication.com/sarjbab

