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ABSTRACT 
Petroleum hydrocarbons are one of the main pollutants which affected directly on the Gulf of Suez 

environment due to petroleum products deliveries and production as well as fuel combustion emissions 

from shipping activities and refineries. There are several Methods for treatment of hydrocarbons such as 

physical, mechanical, chemical and biological methods. Broth media containing ACF (accommodated 

fraction), WSF (water soluble fractions) or anthracene were used separately as a sole carbon source. 17 

fungal species were isolated from water and sediment of three selected stations (Port-Tawfik, El-Ziaytia 

and Attaka), then screened in each substrate. Capillary gas chromatography (CGC) analysis used to 

chemically profiling each substrate after inoculation. Our results showed that, Aspergillus flavus was the 

most effective of degradation ACF reach to (98.79 %). In case of WSF the isolate Penicillium 

chrysogenium was the highest percentage of degradation (98.53 %). Anthracene degradation after 2 

weeks recorded (56.08 %) by using Cladosporium sp. In conclusion, the Gulf of Suez contain several 

promising fungal species that could be used in biodegradation of petroleum hydrocarbons as a save 

alternatives in marine ecosystem.  

Keywords: Fungi biodegradation, Petroleum hydrocarbons, Anthracene, Capillary gas, chromatography, 

Gulf of Suez. 

 

 

INTRODUCTION 

 

The term petroleum has been used as a synonym to 

crude oil which contains various hydrocarbons 

compounds. The most hazardous fractions of petroleum 

hydrocarbons, to the environment, is the polynuclear 

aromatic hydrocarbons (PAHs). These compounds are 

organic chemicals composed of fused benzene rings 

found naturally in crude oil and also formed during 

incomplete combustion of coal, oil, petrol and wood 

(Fetzer, 2000). 

They are persistent, and may result in sublethal 

effects of marine biota such as inhibited growth, 

abnormal cellular development, and prevalence of 

chronic diseases, reproductive impairment, and reduced 

life span (Neff, 1979).  

Environmental pollution by petroleum hydrocarbons 

is the most common site pollution issue encountered by 

environmental professionals due to the increase in 

demand for crude oil as a source of energy and as a 

primary raw material for industries, resulted in an 

increase in its production, transportations and refining.  

Followed by a problem was created by non-safe 

residuals in the environment (Plice, 1948; Gutnick and 

Rosenberg, 1977; Obire and Wemedo, 1996; and Obire 

and Amusan, 2003). 

Biodegradation process is eco-friendly remediation 

technique to remove oil pollution. Fungi have several 

advantages than other microorganisms in 

biodegradation because of their ability to cultivate on a 

large group of substrates  . They also produce 

extracellular enzymes, which can penetrate 

contaminated soil and remove pollutants (Messias et 

al., 2009). Fungal enzymes have the ability to degrade 

PAHs are cytochrome P450 monooxygenases, 

dioxygenases, proteases and lipases (Da Silva, Balaji et 

al., 2014). Obire et al., 2008 reported that species of  

 

 

 

Aspergillus, Penicillium, and Cunninghamella, are 

more efficient to transformation of a PAHs involved  

oxidation by a cytochrome P450 monooxygenase. 

Sutherland et al., (1995); Cerniglia and Sutherland, 

(2010) also found that fungi are responsible for the first 

attack of the anthracene aromatic rings and 

metabolized PAHs with 2 to 5 aromatic rings, and the 

interaction between microorganisms and hydrocarbon 

is variable from region to region, depending upon the 

quality and quantity of both. 

Several locations are polluted in the Gulf of Suez 

due to different activities of petroleum hydrocarbons, 

as oil refineries, shipment activity and many industries 

at the western side of the gulf. The application of 

indigenous microorganisms for the bioremediation of 

oil-polluted in this area is required. Therefore, the aim 

of this study was to isolate local fungal species and test 

their efficiency in laboratory for the biodegradation of 

petroleum-pollution in seawater and sediments. Using 

these compounds water soluble fractions of crude oil 

(WSF) and accommodated fraction of crude oil (AFC) 

and anthracene as a sole source of carbon. 

 

MATERIALS AND METHODS 

 

Description of study area 

The investigated area (Suez Bay) is located between 

longitudes 32° 32' 07" E. and latitudes 29° 53' 55" N. 

The bay is shallow extension of the Gulf of Suez, 

roughly elliptic in shape, with its major axis in the NE - 

SW direction (Fig. 1). The average length along major 

axis is about 13.2 km; its average width along minor 

axis is about 8.8 km. The mean depth is 10 m, and the 

horizontal surface area is about 77.13 km2. The bay is 

connected to the Gulf of Suez through most of its south 

eastern side, where a channel is dredged to depth of 20 

m to serve navigation purposes, and it is connected to 
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the Suez Canal by a dredged channel of 12 m depth 

through the north eastern side of the bay (Meshal, 

1967). 

The northern part of the bay is occupied by the city of 

Suez. The Suez Bay has two sources of water, The 

Suez Canal and Gulf of Suez waters. Three stations 

were selected in the marine environment of the Bay in 

the Gulf of Suez which is subjected to mixed sources 

of oil pollution. In particularly, at the north-western 

side of the Bay Port-Tawfik (1), El-Zaiytia (2) and 

Attaka (3), respectively. 
 

Sampling 

Water and sediments samples of the Gulf during 

winter season 2016 were collected by screw-capped 

sterile glass bottles, and stored at 40
o
C till isolation of 

fungi in the Lab. In addition to measure the physico-

chemical parameters (water temperature, salinity, pH, 

DO, and BOD) and nutrient salts (nitrite, nitrate, 

ammonia and phosphate) according to Parsons et al., 

(1984) and APHA, (2005). 
 

Sources and preparation of test compounds 

The test compound Anthracene was obtained from 

Sigma-Aldrich CAS 120-12-7, molar mass178.23 

g/mol. Crude oil was obtained from oil company (Suez 

Company of Petroleum Refinery) in stoppered to 

prepare ACF and WSF. A sample of crude oil (500 

ml.) was slowly mixed with seawater (500 ml.); the 

crude oil-water mixture was stirred slowly for 24 hours 

with a magnetic stirrer. This was to enhance the 

dissolution in the water of the water-soluble 

components of the crude. The mixture was made to 

stand for 3 hours before it was poured into the 

separating funnel and allowed to stand overnight so as 

to obtain a clear oil-water interphase. The upper and 

lower layer of water, containing the ACF and WSF 

(accommodated fraction and water soluble fraction) of 

crude were decanted into a clean round bottom flask 

with stopper, and used as 100% strength for each 

sample (Anderson et al. 1974).  

 
Selective isolation of fungi from water and sediment 

Water and sediment samples were collected from 

Port-Tawfik, El-Zaiytia and Attaka in stoppered can 

then transported to laboratory. Fungal isolation was 

carried out according to  Chikere and Azubuike (2014), 

using Czapek’s broth (Smith and Dawson, 1944) 

contain (crude oil) which obtained from oil company 

(Suez Company of Petroleum Refinery) or  anthracene 

(Sigma aldrich) 0.025 g (salt or soluble in ethanol). Or 

WSF water soluble and accommodated fractions which 

prepared according to (Anderson et al., 1974). Briefly, 

One ml of either water or 1 g of sediment samples was 

aseptically removed with a sterile pipette and spread on 

petri dishes 5 replicate for each treatment. All plates 

were incubated at 27
o
C for 7 days. 

Selected fungal colonies  were purified in order to  

taxonomic identification using a phenotypic approach 

down to the species level on microscopical 

characteristics of fungal isolates by standard media 

based on the following identification keys: Pitt (1979), 

for Aspergillus; Ellis (1971) for Dematiaceous 

hyphomycetes; Booth (1971) for Trichoderma. 

 
Screening of fungal biodegradative abilities 

Twenty three (17 only in table 1) fungal isolates, 

belonging to 11 (12 species in table 1) species were 

tested. Five of them were tested with WSF and ACF. 

Flasks were incubated at (27
o
C) for (5 weeks). Then, 

the sample was extracted at fixed intervals after first 

 

 
 

Figure. (1): Map of the study area. 
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observation of fungi growth every 9 days. Six fungal 

isolates were tested with anthracene either solid or 

soluble in ethanol. Flasks were incubated after at (27
o
C) 

for (2 weeks). Blanks were prepared for each treatment 

without fungal inoculation.  
 

Extraction and Quantification of Total Petroleum 

Hydrocarbons (TPHs) and polyaromatic 

hydrocarbos (PAHs) 

Spectrofluorometric analysis 

After inoculation at fixed interval all samples of each 

substrate were extracted three times with a 60 ml of 

dichloromethane in a separating funnel. Sample extracts 

were combined and concentrated by rotary evaporation 

to 5 ml. Finally, samples were concentrated under a 

gentle stream of pure nitrogen to a final volume of 2 ml. 

(Parsons et al., 1985). 

Followed by cleanup of samples according to 

R.O.P.M.E., (1983). Then analyzed and measure the 

Total Petroleum Hydrocarbons contents by Digital 

Spectrofluorometer (Sequoi- turner corporation, made in 

USA.) model 450 with NB 360 for excitation filter and 

SC 415 for emission filter. And analyzed by capillary 

gas chromatograph (CGC) for identify the fractions of 

PAHs according to the standard used. 
 

CGC analysis 

After Spectrofluoromtric analysis the extract samples 

were injected in gas chromatograph analyzer model 

Hewlett Packed 5890 series II GC gas chromatograph 

equipped with a flame ionization detector (FID). 

Chromatographic conditions was capillary column HP-

1; 100% dimethyl polysiloxane (30m length 0.32 mm 

0.17μm film thickness).The oven temperature was 

programmed from 60-290°C, changing at a rate of 3 °C 

/min. followed by 3min hold at 300°C.  The carrier gas 

was nitrogen flowing at 1.2 ml/min. Detector 

temperature at 300 °C. Mixed Standard solution of 

PAHs 16 fraction  contains Naphthalene (two rings 

compound), Acenaphthylene, Acenaphthene, Fluorene, 

Phenanthrene, Anthracene, Fluoranthene ( three rings 

compounds ), Pyrene, Benzo (a) anthracene, Chrysene, 

Benzo (b) fluoranthcene, Benzo (k) fluoranthcene, 

Benzo (a) pyrene,(four rings compounds) Indeno 

(1,2,3cd)pyrene, Dibenzo (a,h) anthracene,and Benzo 

(ghi) perylene ( five rings compounds) . Was prepared 

at different concentrations to set up replica of 

calibration curves at 20, 40, 60, and 80 ppm., the 

volume of injection is 3 μL with splitless (US EPA 610 

Method ) 
 

RESULT 
 

Water characteristics of the investigated area 

Table (1) shows physical; chemical and nutrient salts 

parameters were measured in the bottom water samples 

collected from Port-Tawfik ,El-Zaiytia and Attaka 

locations of the Gulf of Suez during winter season 

(2016). It is clear that Port-Tawfik location recorded the 

higher mean levels of Dissolved oxygen reach to 9.07 

mgO2l
-1

 and nutrient salts (nitrite; nitrate and ammonia) 

reach to 0.803 µmoll
-1

; 36.68 µmoll
-1

, and 25.36 

μmol/L respectively. Attaka location recorded higher 

mean levels of temperature reached to 18.6 OC and pH 8.13. 

This is in addition to record the TPHs in water reached to 

higher levels at Attaka in water and higher level in sediments 

samples at El-Ziaytia. The significant calculated N: P ratios 

were 62.8: 2.18; 8.9:2.57 and 8.7:1.52 at Port-Tawfik; El-

Ziaytia and Attaka respectively.
 

Table (1): Field analysis of water quality of water  samples collected from gulf of Suez during winter 2016. 
 

Parameter Temp0C  S %0 pH DO mgO2l
-

1 

BOD 

mgO2l
-1 

NO2-N 

µmoll-1- 

NO3- N 

µmoll-1 

NH3- N 

µmoll-1 

PO4- N 

µmoll-1 
Station 

Porttawfik 18.10 40.30 8.12 9.07 3.25 0.803 36.68 25.36 2.184 

El-Ziaytia 18.35 40.45 8.10 7.99 2.99 0.313 3.502 5.171 2.578 

Attaka 18.60 40.15 8.13 8.89 4.40 0.340 4.529 3.848 1.552 

 

Isolation; identification and screening of fungal 

species 

In the present study, fungi isolated from the most 

petroleum hydrocarbons-polluted areas of Gulf of Suez 

recorded 17 fungal isolates in response to the 

hydrocarbons compounds such as accommodated 

fractions of crude oil (ACF)
1
; water soluble fraction 

(WSF)
2
 and Anthracene

3
 in the broth media and carried 

out the ability of the biodegradation by fungal species in 

the laboratory tests as follow as table 2. 
 

Biodegradation 

Using ACF as a sole source of carbon 
A. flavus has the most effective ability to degrade 

ACF during 35 days reaching 98 .78 % than other 

fungal positive to degrade ACF. Fig. (2) shows the 

percentages of degradation and residuals of total 

petroleum hydrocarbons in ACF during the fixed 

intervals by specrtoflurometric analysis. It is clear that 

the rate of degradation is slow and low about 22.4% in 

the first interval after 17 days, in the second interval the 

level after 26 days is accelerated reached to about 68 

.1% and the third interval after 35 days the degradation 

level reach to semifinal about 98.8 % removal and 

reduced of TPH in ACF components. Gas 

chromatographic analysis shows in Fig (3) that all ∑16 

fractions of PAHs aromatic rings have been reduced 

more than 99% during all the intervals. 
 

 
 

Figure (2): The percentage of  fungal degradation (Aspergillus flavus) 
and residual  of TPH during the time test of biodegradation.
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Table (2): The recorded fungal species from bottom water and 
sediment samples collected from three stations during winter season 

(2016). 
 

 

Station Sample type Species 

 

 

Port-tawfik 

 

Bottom water 

Trichoderma 

harzianum 2 

Cladosporium sp. 3 

 

Sediment 

Penicillium 

chrysogenium 1,2 

Penicillium sp. 2 

 

 

El-Zaiytia 

 

Bottom water 

Trichoderma viride 1,2 

Drechslera sp. 3 

 

Sediment 

Apergillus niger 2 

Cladosporium sp. 2 

Fusarium sp. 2 

 

 

Attaka 

 

Bottom water 

Cladosporium sp. 3 

Alternaria alternate 2 

 

 

Sediment 

Cladosporium sp. 3 

Yeast 2 

Trichoderma sp. 3 

Aspergillus terrus 1,2 

Drechslera sp. 1,2 

Aspergillus flavus 1,2 

 

 

 

Figure. (3): The reduced of response area of PAHs fractions ( two, 
three, four ,and five rings) by capillary gas chromatograph analysis 

during all the intervals of test biodegradation of ACF by A.flavus. 

 

Using WSF as a sole source of carbon 

The efficiency percentage of some fungal isolates on 

WSF was detected and showed in Table (3) during 

biodegradation test. The results indicated that; five 

fungal isolates have the ability to degrade WSF with the 

efficiency reaching (95.90, 97.45, 96.02, 97.72 and 

98.53 %  ( Drechslera sp ,.A  .terrus , A .flavus , T  .viride 
and P .Chrysogeniu  respectively  by 

Spectrofluorometric analysis. Also, Fig. (4) show the 

reduced amount of the response area of  ∑16PAHs 

fractions by GC analysis of WSF through 

biodegradation test by some fungal isolates. 
 

Table (3): The biodegradation percentages of total petroleum 

hydrocarbons of  WSF by different fungal species after 14 

and 21 days by using spectroflourometric analysis. 
 

Species 
Time (Day) 

14  21  

Drechslera sp. 66.21 % 95.90 % 

A.  terrus 90 % 97.45 % 

A. flavus 94.45 % 96.02 % 

T.  viride 97.16 % 97.72 % 

P. chrysogenium 98.50 % 98.53 % 

 

Using anthracene as a sole source of carbon 

Efficiency of some fungal species isolated from 

bottom water and sediment to degrade anthracene as a 

salt and soluble in alcohol  ( ethanol) presented in Table 

(4).The results clarify that Cladosporium sp. isolated 

from water sample collected from Port-tawfik has the 

most effective ability to degrade anthracene as solid 

reaching up to56.08.  

 
Table (4): The biodegradation percentages of anthracene (as 

solid or soluble in alcohol) by different fungal species after 7 

and 14 days by using spectroflourometric analysis. 
 

Species Anthracene solid 
Anthracene 

soluble in ethanol 

(alcohol) 

Cladosporiumsp.’  56.08  
8.05  

Trichoderma sp.    43.6  
16.88  

Drechslera sp.  28.6  
15.4  

Cladosporiumsp.’ 0 
12.94 
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Figure (4): The levels of reduced response area of ∑PAHs by capillary gas chromatographic analysis during the biodegradation  of WSF by different 

fungal species after day 14* and day 21**.  
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DISCUSSION 

 

This study show the biodegradation of petroleum 

hydrocarbons using locally isolated fungi isolated from 

hydrocarbons polluted area in Suez Bay. Environmental 

conditions and nutrient salts were measured in the field 

to compare availability of conditions to the 

biodegradation process through their consumption 

hydrocarbons as a carbon source. Glaser, 1991 stated 

that the total nitrogen to total phosphorous ratio N: P 

nearly 7.6:2.8 is suitable for biodegradation and the 

present result find that El-Zaiytia location is approach to 

the suitable condition it reach to 8.9 :2.57. 

Environmental factors like temperature and pH were 

considered as important factors as they have a 

significant effect on the rate of microbial degradation 

(Tripathi and Srivastava, 2011). So, the field data 

analysis gives a knowledge and prediction about the 

variability in physical and chemical parameter may 

relate to the biological process go ahead or delay.  

 In vitro conditions, it is detected the ability of 17 

fungal species isolated from crude oil-contaminated 

water and sediments, to degrade ACF, WSF and 

anthracene. Only five fungal isolates were able to grow 

on ACF, which identified as A. flavus; A. terrus; 

Drechslera sp; P. chrysogenium and T. viride. A. flavus 

isolate was the most effective fungal species which 

degrade ACF 98.79% after 5 weeks of incubation. This 

results matching with other studies like Andrea et al., 

(2001), Obire et al., (2008), Al-Jawhari (2014) and 

Ameen et al., (2016). They recorded that Aspergillus 

and Penicillium species were the most efficient genera 

in degrading of hydrocarbons. 

On the other hand, the results showed that the same 

five fungal species able to grow and degrade WSF after 

10 days from inoculation. P. chrysogenium, T.  viride 

and A. terrus were the most potent to degrade WSF, the 

efficiency percentage reached to (98.53; 97.72 and 

97.45%, respectively) after 21 days. These results 

supported by other investigators such as Sutherland, 

(2004), Mtui (2012) and Dessouki et al., (2013). 

Three fungal genera identified as (Cladosporium sp.; 

Trichoderma sp. and Drechslera sp.) were able to 

degrade anthracene either as a salt and or soluble in 

ethanol. Cladosporium sp. was the most efficient 

isolate. It was isolated from bottom water in Port-

Tawfik Port and from sediment in Attaka Fishing Port, 

respectively. Other studies found that there are other 

genera able to degrade anthracene other than 

Cladosporium, like Phanerochaete chrysogenium  

Hammel et al., (1986), Bjerkandera sp. Gramss et al., 

(1999), and Cunninghamella echinulata El-Morsy, 

(2012). 

It can be concluded that many fungi metabolize 

aromatic hydrocarbons with enzymes that include lignin 

peroxidase, manganese peroxidase, laccase, cytochrome 

P450, and epoxide hydrolase. The greater capacity to 

remove crude oil due to the adaptation of these fungi to 

the pollutant composition, as well as to the enzymatic 

systems of the fungi (Mance et al., 2007). The 

enzymatic system affected by many factors as pH , 

temperature, chemical structure of compounds, pathway 

of enzyme due to metabolite, and the type of species. 

So, the culture of fungi that degrade polycyclic aromatic 

hydrocarbons may be useful for bioremediation of 

polluted sediments and waters. It is consider the best 

because their metabolite of degradation is less toxic than 

the parent molecule (Cerniglia and Sutherland, 2010). 
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 ىي لبعض الهيدروكربىنات البترولية بالفطريات المعزولة من خليج السىيسالتحلل الحي

لطت  ٌيزىنٍ ريضب
1*

, َبدَخ ػجذ هللا انؼجزودٌ 
2 

, ػجذ هللا ػهٍ ػهٍ
3
حبيذ يحًذ,  

2
وهجخ ػش انذٍَ 

2. 

1
 لسى انُجبد , كهُخ انؼهىو , جبيؼخ لُبح انسىَس. 

2 
 , لسى انجُئخ , انًؼهذ انمىيً نؼهىو انجحبر وانًحُطبد ويصبَذ األسًبن , فزع انسىَس.يخزجز انكًُُبء انجحزَخ 

3
 .لسى ػهىو انجحبر , كهُخ انؼهىو , جبيؼخ لُبح انسىَس 

 

 الملخص العربى

يٍ  ثسجت يب َُزج و َهمً رؼذ انهُذروكزثىَبد انجززونُخ واحذح يٍ انًهىثبد انزئُسُخ انزً رؤثز يجبشزح فً خهُج انسىَس

انًُزجبد انجززونُخ كًب فً االَجؼبثبد يٍ احززاق انىلىد و يٍ اَشطخ انشحٍ و انزكزَز. هُبن ػذح طزق نًؼبنجخ انًهىثبد 

( و انجشء  (ACFاسزخذو انجشء انًبئً انًزشزة  انهُذروكزثىَُخ يثم انطزق انفُشَبئُخ وانًُكبَُكُخ وانكًُُبئُخ وانجُىنىجُخ.

جززول و االَثزاثٍُ ثشكم يُفصم كًصذر وحُذ نهكزثىٌ يغ انىسظ انًغذي انسبئم فً اخزجبر انزحهم يٍ خبو ان WSF)انذائت ) 

َىػب فطزَب يٍ انًُبِ وانزواست يٍ ثالس يحطبد يخزبرح )ثىررىفُك وانشَزُخ واالركخ( ثى رى فحصهب يغ  11رى ػشل  .انحُىي 

ظ انجبَت انكًُُبئً نكم ركُشح ثؼذ انزهمُح. اظهزد انُزبئج أٌ كم ركُشح. انزحهُم انغبسكزويبرىجزاف انشؼزي اسزخذو نزًُُ

Aspergillus flavus  كبٌ األكثز فبػهُخ نزذهىرACF ( ًو فٍ حبنخ 32.13نُصم إن .)٪WSF  كبَذ انؼشنخPenicillium 

chrysogenium ( ثبسزخذاو 80.62٪(. و رذهىر األَثزاسٍُ ثؼذ أسجىػٍُ سجم )32.83أػهً َسجخ رذهىر )٪Cladosporium 

sp ٍفٍ انخزبو , َحزىٌ خهُج انسىَس ػهً انؼذَذ يٍ األَىاع انفطزَخ انىاػذح انزٍ ًَكٍ اسزخذايهب فٍ انزحهم انجُىنىج .

 نههُذروكزثىَبد انُفطُخ كجذائم حفع فٍ انُظبو انجُئٍ انجحزٌ.

 

 خهُج , انشؼزٌ انغبس ,كزويبرىجزافُب اسٍُانجززونُخ, أَثز ,انهُذروكزثىَبد انفطزٌ انحُىٌ انزحهم4 انًفزبحُخ انكهًبد

  .انسىَس

 


