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Petroleum pollution is considered one of the major 

environmental issues. Microorganisms play a significant role 

for removal and degradation of petroleum hydrocarbons. 

Microbial community, dynamics and functions are well studied 

in cases of terrestrial ecosystems, while cases with aquatic 

environments have received much less attention. The obtained 

data revealed that 22 fungal species related to 9 fungal genera 

were recovered from hydrocarbon-polluted water. The most 

common fungal genera recovered from naphthalene and crude 

oil-polluted water were Aspergillus, Penicillium and 

Trichoderma. Wherease, the fungal species Penicillium 

purpurogenum, Trichoderma sp. and Aspergillus niger were 

recorded in the highest occurrence at the control and the 

polluted microcosm experiments. The highest fungal diversity 

indices, number of taxa and individuals, dominance, Simpson 

index, and Shannon index were recorded in crude oil-polluted 

water. While the lowest fungal diversity indices were estimated 

at naphthalene-polluted water. Furthermore, the physio-

chemical properties of polluted water samples exhibited 

obvious correlation and influence on the fungal occurrence 

during different time intervals compared with the control 
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INTRODUCTION  

            Hydrocarbons are the main energy and fuel sources that are employed most 

frequently worldwide. It is well recognised that hydrocarbons are harmful substances 

with detrimental impacts on the environment [1]. Alkanes, cycloalkanes, and other 

aromatic hydrocarbons with varying dangerous, poisonous, and carcinogenic potential are 

included in crude oil that is a naturally occurring heterogeneous chemical [2,3]. The 

manufacturing process of crude oil, its transportation, chemical extraction, and circulation 

are regarded as the biggest sources of human-caused environmental hydrocarbon 

pollution [4]. Evidently undesirable spillages that happen during routine processes of 

crude oil production, refining, and distribution, in addition to as a result of serious 

accidents, have sustained study interest in this area [5] As well as,  The  polycyclic 

aromatic hydrocarbons (PAHs), which include naphthalene, are a broad and diversified 

category of serious environmental contaminants. Generally speaking, these are 

environmental toxins that are often found in the air, sediments, and surface and ground 

waters [6]. The toxicological effects of crude oil or petroleum products differ 

considerably based on their composition, content, environmental circumstances, and the 

biological condition of the organisms at the time of contamination [7]. The toxicity of 

hydrocarbons is better tolerated by microorganisms, especially fungi, and they have the 

technique for cleaning up spilt oil from the environment due to their physiology and 

environmental adaptation, [8]. Fungi are an important group of microorganisms found in 

a variety of aquatic ecosystems ranging from coastal waters [9-11] to the deep biosphere 

[12-14] and associated with a variety of marine substrates such as intertidal sediments 

[15,16], floated wood [17], algae [18], and othe animals and mussels [19,20]. Fungal 

occurrence appears to be highly associated with organic matter, implying that fungi play 

essential roles as recyclers of complex polymers in the water, such as polysaccharides 

[21], lignocellulose [22], and even hydrocarbon-based polymers like microplastics 

[23,24]. Interstingly, it was reported that there are more than 100 fungal species are 

known to play significant roles in the bioremediation of hydrocarbons [25]. As a result, 

fungi play an important role in promoting the biodegradation of refractory hydrocarbons 

by secreting extracellular enzymes that convert these chemicals into intermediates with 

lower environmental toxicity and boosting further decomposition by bacteria [26]. There 

have been very little research on fungal bioremediation of petroleum in aquatic 

environments [27-29]. The effective biodegradation of crude oil by aquatic fungi was 

proven by measuring changes in total crude oil mass over time [30]. 

So, this study aimed to 1) isolate of fungal species from hydrocarbon polluted river 

Nile water as well as control untreated River Nile water using a microcosm design. 2) 

determine the diversity and fungal communities associated with hydrocarbon polluted 

microcosm experiment. The cluster analysis of isolated fungi 

showed a noticeable grouping of the fungal communities in the 

control microcosm experiment compared with the naphthalene 

and crude oil-polluted microcosm experiment. The current data 

indicated that the ecological impact of emerged pollutants on 

fungal communities gives a varied fungal grouping and 

structures. 
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water 3) assay the interaction of recovered fungi with the physicochemical characteristics 

of water samples from the microcosm experiment 4) analysis the clustering of fungi in 

polluted River Nile water by crude oil and naphthalene hydrocarbons. 

 

MATERIALS AND METHODS  

Sampling and measurement of physio-chemical parameters of collected water 

About 10 L of water samples were collected in sterilized flasks from the River Nile at 

Paradise Park in Assiut Governorate, Egypt, and then the flasks were transferred 

immediately to the laboratory, and kept in the dark at in situ temperatures for further 

experiments. The water temperature was measured in situ using a laboratory thermometer 

(liquid mercury in a glass tube), pH and water conductivity were measured ex-situ using a 

combined pH and conductivity meter (Jenway Model 3540 conductivity/pH meter), total 

dissolved solids (Tds), total dissolved organic carbon (TDOC), total dissolved organic 

nitrogen (TDON) and total dissolved organic sulphur (TDOS) were analyzed by using 

Analysensysteme GmbH, Donaustr-7, D-63452 Hanau-Germany (Department of 

Chemistry, Faculty of Science, Assuit University). 

The microcosm experimental design  

The microcosm experimental design was assayed to simulate the natural habitate 

according to the following three treatments design. T1, the control experiment containing 

natural water from the River Nile; T2 (crude oil treatment), was performed with 

concentrations (2.5 mL of Crude oil) and T3 (naphthalene treatment) was performed with 

concentrations (0.25 g of Naphthalene) each pollutant was added to 1000 mL River Nile 

water in 1 L a gas-tight glass bottle in three replicates and 2 g of fresh River Nile mud 

were added to each bottle. The microcosm experiment was incubated at room temperature 

with gentle shaking. The impacts of crude oil and naphthalene on microbial composition 

and their function dynamics were assayed at different time intervals (0, 15, 30, 45, 60, 75 

and 90 days). 

Isolation and identification of fungal communities at different time intervals during 

cultivation of previous treatment. 

Samples of water were obtained from each treatment of the microcosm experiment and 

used for fungal isolation by pour plate method on potato dextrose agar (PDA) medium 

(Potato 200g, glucose 20g/L, agar 20g/L, Rose Bengal 30mg/L), the medium was 

supplemented with chloramphenicol (250 mg/L) to suppress bacterial growth [31]. The 

culture medium PDA was poured under aseptic conditions into Petri dishes (9 cm in 

diameter) containing 1mL of water sample and then Petri dishes (3 replicates) were 

incubated at 28 °C for 5 days. The growing fungi was purified to procure pure cultures, 

and then fungal species were described based on their cultural, morphological such as the 

following (macro and microscopic characteristics), fungal isolates were identified using 

an Olympus CX41 optical microscope (Department of Botany and Microbiology, Faculty 

of Science, Assuit University). The fungal taxa were mainly identified based on their 

unique characteristic conidial morphology as they produce conidiophores and 

conidiogenous cells according to the relevant taxonomical keys [32-35]. 

Analysis of fungal diversity and communities 

Fungal diversity, cluster analysis and determining the correlation between fungi 

communities and environmental factors (canonical-correlation analysis (CCA)) were 

analyzed for all sample using Paleontological Statistics PAST (4.03). As well as 
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Diversity indices including number of taxa which indicates the number of isolated fungal 

species from collected samples. Whereas fungal  dominance determining the dominance 

of fungal taxa in treatments, Simpson index illustrates the evenness of the aquatic fungal 

communityand Shannon index is the diversity index that estimates the number of fungal 

individuals taking in account the number of fungal taxa. (entropy) [36]. The CCA was 

performed using the relative abundance of reads data for the fungal phyla and all the 

physic-chemical factors to identify environmental parameters that significantly correlate 

with fungi communities. 

 

RESULTS AND DISCUSSION 

Characterization of environmental variables 

Data in Table (1) exhibited the physic-chemical characteristics of the analyzed water 

samples. Water temperature at zero time was recorded 36 ᴼC in September whereas 

recorded 28 ᴼC at 90 days in December. It was observed that, water temperature, pH, 

electrical conductivity, total dissolved solids (Tds), total dissolved organic carbon 

(TDOC), total dissolved organic nitrogen (TDON) and total dissolved organic sulphur 

(TDOS) were unevenly distributed and noticeably varied depending upon various 

pollutants. The highest values of these parameters were recorded in conductivity, which 

was measured for Naphthalene treatment at 90 days, The lowest conductivity value was 

recorded in Crude oil treated River Nile water compared to the control. Similarly, results 

showed that slightly lower or higher conductivity values were recorded in effluent 

wastewater samples in Turkey [37], in South Africa [38]. 

 The highest value of total dissolved organic carbon (TDOC) parameter was at in the 

control sample at zero time, then it decreased at 90 days, whereas crude oil showed 

moderate values at zero time and then decreased at 90 days, and naphthalene showed the 

lowest value at 90 days. Total dissolved organic nitrogen (TDON) recorded a low value 

in the control as well as for crude oil, however the highest TDON value was recorded in 

naphthalene at zero time and 90 days. Total dissolved organic sulphur (TDOS) was 

recorded as the lowest in all treatments after 90 days. 

Table 1: Some physicochemical features of water samples of microcosm experiment of 

River Nile water treated with crude oil and naphthalene.  

Treatment Control Crude oil Naphthalene 

Time intervals 
zero time  90 days zero time  90 days zero time  90 days 

Parameters 

Temperature 

(  ْ C) 
36ْ C 28ْ C 36ْ C 28 ْC 36ْ C 28ْ C 

PH 7.14 7.20 7.02 7.30 6.70 7 

Conductivity 

(µS/cm) 
279 279 280 327 343 800 

Total dissolved organic 

carbon (TDOC)  

(mg/L) 

10.17 5.87 5.93 2.94 2.71 1.27 
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Analysis of fungal Diversity and communities 

The world's extensive consumption of crude oil products contributes to rising 

environmental pollution [39]. The obtained data presented fungal total count (TC), total 

count percent (TC%), and the number of case isolation (NCI) of fungi isolated from the 

River Nile water. The presented data revealed that 22 fungal species belong to 9 fungal 

genera emerged from River Nile. Seven fungal species were appeared in the three 

treatments namely: Trichoderma sp., Penicillium purpurogenum, P. duclauxii, 

Neosartorya sp., Aspergillus terreus, A. niger, A. fumigatus. Seven fungal species were 

appeared in control called: Acremonium sp., Alternaria alternata, Aspergillus oryzae, 

Penicillium brevicompactum, P. citrinum, P.islandicum, Trichurus spiralis. Two species 

were appeared in the treatment of crude oil called: Aspergillus ustus, Penicillium 

glabrum. Four fungal species were estimated in the treatment of naphthalene, Aspergillus 

clavatus, A. flavus, A. sydowii, Epicoccum nigrum, and one appeared in crude oil and 

naphthalene together, Cladosporium cladosporioides. Data in Table 5 showed that 

Aspergillus niger was the highest occurrence in crude oil treated water, Penicillium 

purpurogenum and Trichoderma sp. were the highest occurrence in naphthalene treated 

water compared with the control experiment. Data in Table 5 showed also that 14 fungal 

species belonging to 7 fungal genera, Acremonium sp., Alternaria alternata, Aspergillus 

spp. (A. fumigatus, A. niger, A. oryza, and A. terreus), Neosartorya sp., Penicillium spp. 

(P. brevicompactum, P. citrinum, P. duclauxi, and P. islandicum, P. oxzalicum, P. 

purpurogenum), Trichoderma sp., and Trichurus spiralis were isolated from control 

treated water. Whereas, 11 fungal species belonging to 5 fungal genera, Aspergillus (A. 

fumigatus, A. niger, A. terreus, and A. ustus), Cladosporium cladosporioides, 

Neosartorya sp., Penicillium spp. (P. duclauxii, P. glabrum, P. oxalicum, and P. 

purpurogenum), and Trichoderma sp. were isolated from crude oil treated water and 12 

fungal species belonging to 6 fungal genera, Aspergillus spp. (A. clavatus, A. flavus, A. 

fumigatus, A. niger, A. terreus, and A. sydowii),  Cladosporium cladosporioides, 

Epicoccum nigrum, Neosartorya sp., Penicillium spp. (P. duclauxii, and P. 

purpurogenum), and Trichoderma sp. were isolated from naphthalene treated 

water[40,41].  

In this respect, in a certain habitat, biodiversity refers to the variety of living forms. It is 

often used as a measure of the health of biological systems and is essential for anyone 

collecting or monitoring any fungi [42]. Both quantitative and qualitative results from the 

soil fungal diversity analysis show that the presence of hydrocarbons has a greater 

influence than the presence of heavy metals on the richness and taxonomic composition 

of the fungal community. Further studies have already shown that multi-pollution has a 

substantial impact on soil fungus populations [43,44]. The fungus's capacity to exist in 

surroundings polluted with petroleum products and petroleum fuels shows a mutual link 

Total dissolved organic 

nitrogen (TDON) 

(mg/L) 

0.40 0.18 0.18 0.21 6.68 7.78 

Total dissolved organic 

sulphur (TDOS) 

(mg/L)  

2.99 0.49 4.41 0.54 3.34 0.37 

Total dissolved solids (Tds) 

(mg/L) 
0.40 0.40 0.40 0.40 0.40 0.60 
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between these fungi and the goods indicated [45]. These results agree with the reports 

shown that  various species and life stages of organisms are susceptible to pollution in 

different ways [46]. Due to their capacity to adapt to these challenging conditions by 

changing in quantity, microorganisms are valuable in forecasting the effects of a certain 

stress on the environment [47,48] and the elimination of some special types.Data in Table 

2 showed that, Aspergillus niger, Penicillium purpurogenum and P. duclauxii were 

appeared from zero time to 90 days incubation of control microcosm experiment (without 

treatment). As well, Trichoderma sp., was recorded after 30 days to 90 days of 

incubation. Whearas Alternaria alternata, Penicillium citrinum, P. brevicompactum, P. 

islandicum, P. oxalicum, Aspergillus fumigatus, A. oryzae and Trichurus spiralis were 

recorded in different incubation times. Data in Table 3 exhibited that Aspergillus niger 

was appeared at zero time and continued to 90 days incubation of crude oil treated 

microcosm experiment and Trichoderma sp., was estimated from zero time to 45 days 

incubation. Whereas Penicillium duclauxii, P. oxzalicum, P. glabrum, Aspergillus 

fumigatus, Cladosporium cladosporioides and Neosartorya sp., was estimated at different 

intervals. On the other hand data in Table 4 reveled that Aspergillus niger, A. terreus, 

Penicillium duclauxii and Trichoderma sp., was estimated from zero time to 90 days 

incubation of naphthalene microcosm experiment and Neosartorya sp., was appeared 

from 15 days to 90 days. whereas Aspergillus flavus, was estimated after 60 days to 90 

days incubation, Aspergillus clavatus was appeared two number of case isolation after 45 

days and 60 days incubation. As well, Penicillium purpurogenum was recovered two 

times after 60 days and 75 days incubation of naphthalene microcosm experiment. 

Whereas Aspergillus fumigatus, Aspergillus sydowii, Cladosporium cladosporioides and 

Epicoccum nigrum were recovered only one time in different incubation time. 

It was reported that, the technique, time, and amount of treatment are all crucial variables 

in defining the extent of hydrocarbons' detrimental actions for aquatic species and the 

environment as overall [49]. The results showed that some fungi have ability to live in 

contaminated environment with crude oil and naphthalene for three months but other 

fungi disappeared in zero time the agreement with previous studies [50]. 
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Table 2: - Total count (TC), total count percent (TC%), No.of case isolation (NCI) of fungi isolated from river Nile water without 

supplement (Control). 

Fungi 
0 time 15 days 30 days 45 days 60 days 75 days 90 days Total 

TC TC% NCI TC TC% NCI TC TC% NCI TC TC% NCI TC TC% NCI TC TC% NCI TC TC% NCI TC TC% NCI 

Acremonium sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 7.14 1 3 50 2 4 9.09 3 

Alternaria 

alternata 
0 0 0 0 0 0 0 0 0 1 12.5 1 0 0 0 0 0 0 0 0 0 1 2.27 1 

Aspergillus 

fumigatus 
0 0 0 0 0 0 1 33.3 1 0 0 0 0 0 0 0 0 0 0 0 0 1 2.27 3 

A. niger 4 50 2 0 0 0 0 0 0 0 0 0 1 33.3 1 2 14.28 1 1 16.67 1 8 18.18 3 

A. oryzae  0 0 0 0 0 0 0 0 0 0 0 0 1 33.3 1 0 0 0 0 0 0 1 2.27 1 

A.terreus 0 0 0 1 50 1 1 33.3 1 1 12.5 1 0 0 0 0 0 0 0 0 0 3 6.81 3 

Neosartorya sp. 1 12.5 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2.27 0 

Penicillium 

brevicompactum 
0 0 0 1 50 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2.27 1 

P. citrinum 0 0 0 0 0 0 1 33.3 1 0 0 0 0 0 0 0 0 0 0 0 0 1 2.27 1 

P. duclauxii 2 25 0 0 0 0 0 0 0 1 12.5 1 1 33.3 1 0 0 0 0 0 0 4 9.09 2 

P. islandicum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 14.28 1 0 0 0 2 4.54 1 

P. oxzalicum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 16.67 1 1 2.27 2 

P. 

purpurogenum 
1 12.5 1 0 0 0 0 0 0 0 0 0 0 0 0 4 28.57 1 0 0 0 5 11.36 2 

Trichoderma sp. 0 0 0 0 0 0 0 0 0 5 62.5 2 0 0 0 4 28.57 1 1 16.67 1 10 22.72 4 

Trichurus 

spiralis 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 7.14 1 0 0 0 1 2.27 1 

Total 

 

 

8 100 4 2 100 2 3 100 3 8 100 5 3 100 3 14 100 
6 

  
6 100 5 44 100 28 

Fungi 0 time 15 days 30 days 45 days 60 days 75 days 90 days Total 
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Table 3: - Total count (TC), total count percent (TC%), No.of case isolation (NCI) of Fungi isolated from river Nile water supplement 

with Crude oil. 

 

 

TC TC% NCI TC TC% NCI TC TC% NCI TC TC% NCI TC TC% NCI TC TC% NCI TC TC% NCI TC TC% NCI 

Aspergillus 

fumigatus 
1 11.11 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2.5 1 

A. niger 1 11.11 1 1 100 1 0 0 0 0 0 0 0 0 0 0 0 0 22 88 1 24 60 3 

A. terreus 1 11.11 1 0 0 0 2 100 1 0 0 0 0 0 0 0 0 0 0 0 0 3 7.5 2 

A. ustus 3 33.33 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 1 4 10 2 

Cladosporium 

cladosporioides 
0 0 0 0 0 0 0 0 0 0 0 0 1 100 1 0 0 0 0 0 0 1 2.5 1 

Neosartorya sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 100 1 0 0 0 1 2.5 1 

Penicillium 

duclauxii 
1 11.11 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2.5 1 

P. glabrum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 1 1 2.5 1 

P. oxalicum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 1 1 2.5 1 

P. 

purpurogenum 
1 11.11 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2.5 1 

Trichoderma 

sp. 
1 11.11 1 0 0 0 0 0 0 1 100 1 0 0 0 0 0 0 0 0 0 2 5 2 

Total 9 100 7 1 100 1 2 100 1 1 100 1 1 100 1 1 100 1 25 100 4 40 100 16 
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Table 4: - Total count (TC), total count percent (TC%), No.of case isolation (NCI) of Fungi isolated from river Nile water supplement 

with Naphthalene 

Fungi 
0 time 15 days 30 days 45 days 60 days 75 days 90 days Total 

TC TC% NCI TC TC% NCI TC TC% NCI TC TC% NCI TC TC% NCI TC TC% NCI TC TC% NCI TC TC% NCI 

Aspergillus 

clavatus 
0 0 0 0 0 0 0 0 0 1 50 1 3 17.64 1 0 0 0 0 0 0 4 5.79 2 

A. flavus 0 0 0 0 0 0 0 0 0 0 0 0 3 17.64 2 0 0 0 2 8.69 1 5 7.24 3 

A. fumigatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 10.52 1 0 0 0 2 2.89 1 

A. niger 4 50 2 0 0 0 0 0 0 1 50 1 0 0 0 0 0 0 2 8.69 1 7 10.14 4 

A. terreus 2 25 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4.34 1 3 4.34 3 

A. sydowii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 8.69 1 2 2.89 1 

 Cladosporium 

cladosporioides 
0 0 0 1 50 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1.44 1 

Epicoccum 

nigrum 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5.26 1 0 0 0 1 1.44 1 

Neosartorya sp 0 0 0 1 50 1 0 0 0 0 0 0 1 5.88 1 0 0 0 2 8.69 2 1 1.44 1 

Penicillium 

duclauxii 
1 12.5 1 0 0 0 1 100 1 0 0 0 0 0 0 0 0 0 7 30.43 2 9 13.04 4 

P. 

purpurogenum 
0 0 0 0 0 0 0 0 0 0 0 0 9 52.94 1 8 42.11 2 0 0 0 17 24.63 3 

Trichoderma sp 1 12.5 1 0 0 0 0 0 0 0 0 0 1 5.88 1 8 42.11 1 7 30.43 2 17 24.63 5 

Total 8 100 6 2 100 2 1 100 1 2 100 2 17 100 6 19 100 5 23 69.56 10 69 100 29 
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Table  5: - Total count (TC), total count percent (TC%), No.of case isolation (NCI) of 

fungi isolated from river Nile water (control and treated with crude oil & naphthalene). 

 

The diversity of fungal communities recovered from the River Nile samples was 

calculated including fungal taxa (s) which indicates the number of isolated fungi species 

from collected samples and other treatments, dominance (d) determining the dominance 

of fungal taxa in each treatment, Simpson index illustrates the evenness of the aquatic 

fungal community and Shannon index is the diversity index that estimates the number of 

fungal individuals taking in the number of fungal taxa. So, the presented data in Figures 

(1 A, B, C, D, E) showed that the highest taxa of fungi recovered from water polluted 

with crude oil was recorded at zero time (7.0  fungal taxa) and followed by river Nile 

water treated with naphthalene after 90 days of microcosm incubation recording (6.0 

fungal taxa), the highest dominance of fungi recovered from crude oil treated water was 

recorded after 15, 30, 45, 60 and 75 days incubation and then decreased after 90 days 

incubation. Whereas the lowest dominance was estimated after 90 days from 

naphthalene-treated water recording 0.1667. Whereas the highest Simpson and Shannon 

diversity indexes for fungi recovered from crude oil treated was estimated during zero 

Fungi 
Control Crude oil Naphthalene 

TC TC% NCI TC TC% NCI TC TC% NCI 

Acremonium sp. 4 9.09 3 0 0 0 0 0 0 

Alternaria alternata 1 2.27 1 0 0 0 0 0 0 

Aspergillus clavatus 0 0 0 0 0 0 4 5.79 2 

A. flavus 0 0 0 0 0 0 5 7.24 3 

A. fumigatus 1 2.27 3 1 2.5 1 2 2.89 1 

A. oryzae 1 2.27 1 0 0 0 0 0 0 

A. niger 8 18.18 3 24 60 3 7 10.14 4 

A. sydowii 0 0 0 0 0 0 2 2.89 1 

A. ustus 0 0 0 4 10 2 0 0 0 

A. terreus 3 6.81 3 3 7.5 2 3 4.34 3 

Cladosporium 

cladosporioides  
0 0 0 1 2.5 1 1 1.44 1 

Epicoccum nigrum 0 0 0 0 0 0 1 1.44 1 

Neosartorya sp. 1 2.27 1 1 2.5 1 1 1.44 1 

Penicillium 

brevicompactum 
1 2.27 1 0 0 0 0 0 0 

P. citrinum 1 2.27 1 0 0 0 0 0 0 

P. duclauxii 4 9.09 2 1 2.5 1 9 13.04 4 

P. glabrum 0 0 0 1 2.5 1 0 0 0 

P. islandicome 2 4.54 1 0 0 0 0 0 0 

P. oxzalicum 1 2.27 2 1 2.5 1 0 0 0 

P. purpurogenum 5 11.36 2 1 2.5 1 17 24.63 3 

Trichoderma sp. 10 22.72 4 2 5 2 17 24.63 5 

Trichurus spiralis 1 2.27 1 0 0 0 0 0 0 
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time and 90 days recording (0.8571 and 0.75), (1.946 and 1.386) and followed by 

naphthalene treated River Nile water at 90 days recorded 0.8333 and 60 days recorded 

0.8. The highest Simpson and Shannon diversity indexes for fungi recovered from control 

treated was estimated at 75 days recording (0.83) and (1.792). Evenness in data refers to 

how close are the numbers to each species in the three treatments and intervals from zero 

time to 90 days. It is described mathematically as a diversity index, a measure of 

biodiversity that counts how numerically equal the community is. In agreement with our 

results Li et al.[51] showed that a greater Shannon's index and a closer Simpson's index to 

1 generate larger fugal variation, which ultimately reflects superior potential for adapting 

to changes in the environment. Our results support and corroborate the findings of 

Pietryczuk et al.,[52] who revealed that aquatic fungi typically exhibit a decline in 

taxonomic diversity as a result of water contamination. Similarly, Selvarajan et al., [53] 

reported higher levels of contamination lead to reduced fungal species richness and 

diversity [54]. Long-term soil contamination with crude oil leads to the adaptation of 

fungi) and, consequently, the development of many adaptive mechanisms [55,56]. In 

comparison to control soil, polluted soils possess higher fungal diversity, according to 

several studies [57-59]. 



Evaluation the Fungal Biodiversity and Structure in Nile River Water Treated with the Emerging 

Pollutant Ibuprofen 

 
 

 

03 

  

 

 

 

Fig.1: Fungal taxa (A), dominance (B), Simpson (C), Shannon (D) and Evenness (E) 

biodiversity indexes of mycobiota recovered from microcosm experiments. 

Correlation between fungal communities and environmental factors 

Canonical correspondence analysis (CCA) demonstrated that the measured 

physicochemical properties remarkably affected the occurrence of fungi in three 

treatments as shown in Figure (2 A, B, C). The physic-chemical parameters of River Nile 

sample in the control microcosm experiment (Fig 2 A) revealed that temperature, 

conductivity, TDOC, TDON, and TDOS influenced the occurrence of almost 20% the 

total number of fungi recorded in control after 15 days and 45 days incubation of 

microcosm, these fungi were Alternaria alternate, penicillium brevicompactum, 

Aspergillus terreus. pH had an influence on the occurrence of almost 30%  the total 

number of fungi recorded in control at zero time and 60 days, these fungi were 

Aspergillus oryzae, Penicillium purpurogenum, p. duclauxii, Neosartorya sp. Total 

dissolved solids (Tds) had an influence on the occurrence of Aspergillus fumigatus and  

Penicillium citrinum estimated  after 30 days incubation  of microcosm experiment. The 

physicochemical parameters of River Nile in crude oil treated water (Fig 2 B) revealed 

that conductivity, TDON had an effect on the occurrence of almost 30% the total number 

of fungi in aquatic ecosystem recorded in crude oil at 90 days, these fungi were 

Aspergillus ustus, Penicillium glabrum, P. oxalicum. pH and tds influenced the 
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occurrence of almost 30% the total number of aquatic fungi recorded in crude oil at 15 

days, 60 days and 75 days, these fungi were Neosartorya sp, Aspergillus niger, 

Cladosporium cladosporioides. Temperature, TDOC, and TDOS had an influence on the 

occurrence of almost 40%  the total number of fungi recorded in crude oil at zero time 

and 45 days, these fungi were Penicillium purpurogenum, Penicillium duclauxii, 

Aspergillus fumigatus, Trichoderma sp. The physicochemical parameters of River Nile in 

Naphthalene treated (Figs 7 C) revealed that pH, TDON, Tds had an influence on the 

occurrence of almost 25% the total number of aquatic fungi recorded in naphthalene at 60 

days and 75 days, these fungi were Aspergillus fumigatus, Penicillium purpurogenum, 

Epicoccum nigrum. The temperature had an influence on the occurrence of almost 25% 

the total number of fungi recorded in naphthalene at 15 days and 45 days, these fungi 

were Neosartorya sp., Cladosporium cladosporioides, Aspergillus clavatus. Total 

dissolved organic carbon (TDOC) and total dissolved organic sulpher (TDOS) had an 

influence on the occurrence of almost 15% the total number of fungi recorded in 

naphthalene at zero time and 30 days, these fungi were Penicillium duclauxii, Aspergillus 

niger. Interestingly the obtained data showed that the tested water parameters 

corresponding to the application of pollutants had an obvious impact on fungal 

community structure, in line with previous studies in other aquatic systems. Whereas the 

pH value of water samples did not exhibit any considerable influence on fungal diversity 

in different treatments, at least in the present study. This was in accordance with the 

results recorded in various water bodies [60]. Many authors described that pH, 

temperature, dissolved organic matter, total nitrogen, and electrical conductivity are 

factors driving the structure of microbial communities in different habitats [61-64]. And 

Other researchers indicated that of the environmental variables, total nitrogen, water 

temperature, and pH were the dominant factors affecting fungal community 

composition.[65]. 
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Fig.2: Canonical correspondence analysis (CCA) demonstrated interaction of fungal 

occurrence with the physicochemical parameters of water samples from the microcosm 

experiment of Control (A), Crude oil treated (B) and Naphthalene treated experiments 

(C). P.br= Penicillium brevicompactum, A.t= Aspergillus terreus, A.a= Alternaria 

alternata, Ne= Neosartorya sp, A.o= Aspergillus oryzae, P.de= Penicillium duclauxii, 

P.pu= Penicillium purpurogenum, A.fu=Aspergillus fumigatus, P.c= Penicillium 

citrinum, A.us= Aspergillus ustus, P.ox= Penicillium oxalicum, P.gl= Penicillium 

glabrum, A.n= Aspergillus niger, C.cl= Cladosporium cladosporioides, Tr= 

Trichoderma., E.c= Epicoccum nigrum, A.c= Aspergillus clavatus. 

Cluster analysis of fungal communities 

The cluster analysis of aquatic fungi showed an obvious grouping of the fungal 

communities. The obtained data revealed that four separated fungal communities were 

presented (Fig. 3A) at control microcosm experiment showing the first group of fungi 

comprising, Aspergillus terreus, Penicillium brevicompactum, Aspergillus fumigatus, 

Penicillium citrinum, Aspergillus oryzae, Penicillium duclauxii, Aspergillus niger, 

Penicillium purpurogenum, Neosartorya sp., Alternaria alternata, the second group such 

Trichoderma sp., the third group such Penicillium oxalicum and the fourth such 

Acremonium. Whereas the microcosm experiment treated with crude oil showed three 

separated fungal communities as shown in Fig. (3B), The first fungal group included 

Aspergillus ustus, Penicillium oxalicum, Penicillium glabrum, Aspergillus niger, the 
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second showed Cladosporium cladosporioides, Neosartorya sp. and the third group 

comprised from Aspergillus terreus. As well as the microcosm experiment treated with 

naphthalene exhibited three separated fungal communities as shown in Fig. (3C). The 

first group included Epicoccum nigrum, Penicillium purpurogenum, Aspergillus 

fumigatus, the second group showed Cladosporium cladosporioides, Neosartorya sp., 

Aspergillus clavatus,  and the third showed Penicillium duclauxii, Aspergillus niger, 

Aspergillus terreus, Aspergillus sydowii. These alterations in the microbial population are 

strongly influenced by the nature of the site's overall microbial community, the chemical 

structure of the crude oil, and the physicochemical variables controlling the specific 

environment [66]. 
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Fig 3: - Cluster analysis showing the fungal communities water River Nile of control (A), 

crude oil (B), naphthalene (C).  

 

Conclusion   

       The present investigation revealed that isolating culturable fungi from hydrocarbon-

treated water is a promising microbial resource for crude oil pollution removal and 

bioremediation. However, the specific limitations of bioremediation technique are the 

presence of metabolically competent microbial communities. In addition to the existence 

of sufficient levels of nutrients and pollutants, as well as the availability of suitable 

environmental growth conditions, are crucial site elements required for successful 

bioremediation. In contrast, the isolation of native fungal isolates from contaminated Nile 

River water may provide prospective candidates for bioremediation applications within 

the context of bioaugmentation or biostimulation processes. 
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