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INTRODUCTION 

 

Global industrialization with its  rapid development in last decade 

led to the contamination of  soil, water and air [1]. In 2010, it  is 

estimated that the waste pollutants contributed to about 3% to the 

loss of annual life [2]. Certain recalcitrant hazardous chemicals 

that are carcinogenic and mutagenic result from rapid 

industrialization by discharging some  industrial  wastes or by 

some accidental spill of these chemicals  led to environmental 

contamination to soils and ground water [3]. These pollutants 

have a variety of  hazardous organic  chemicals including poly 

aromatic hydrocarbons (PAHs) and their derivatives [4]. These 

aromatic hydrocarbons can be decomposed by  microbes 

enzymatically  and  use  it  in  their cellular metabolism [5].  

 

Contaminations by aromatic  hydrocarbons have been the 

subject of human health  and continuous environment threat 

concern [6]. Aromatic hydrocarbons found naturally in coal and 

crude oil, From these hydrocarbons, Polycyclic aromatic 

hydrocarbons (PAHs) are the most subsurface contaminating 

chemicals  [7]. Anthracene is a type of PAHs which persist, 

bioaccumulate in the environment and has toxicological effect. 

The increased level of anthracene as contaminant in soil, 

sediments and aquatic systems  had been a major concern in the 

world as a result of  its  highly toxicity effect,  anthracene consists 

of  three  fused  benzene rings which persist  in nature, the 

European Chemicals Agency (ECHA) has been  recently  

included it among the Substances of Very High Concern list 

(SVHC) due to its toxicity  nature on  the environment, 

anthracene produces  from combustion processes  and industrial 

effluent discharge, and human exposes to it  through 

contaminated food with combustion  products of petroleum 

hydrocarbon and founds in  tobacco smoke which causes damage 

to the skin, itching and edema, headaches, nausea, loss of 

appetite, inflammation or swelling of the stomach and intestine 

[8].  

 

Microorganisms approved their high adaptability to a wide 

range of recalcitrant   poly aromatics led to the formation of some 

microbial consortium able to degrade many hydrocarbon wastes. 

Among these microbial community, bacteria have  different 

enzymes that decompose these aromatic hydrocarbon to less or 
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 ABSTRACT 

Industrial areas in Egypt has become one of the major routes of some wastes production as it 

discharges a large amount of petroleum hydrocarbons which possess severe hazardous effects on 

the surrounding environment. Polycyclic aromatic hydrocarbon (PAHs) is one of the most toxic 

organic pollutants, among this organic hydrocarbon is anthracene, which is highly carcinogenic. 

The environmental threat of anthracene to humans due to exposure through industrial effluent 

discharge and other combustion activities into the environment beside expensive nature of the 

physical and chemical remediation techniques initiates this research. In this study anthracene was 

degraded by bacteria isolated from industrial waste water areas and degradation was carried out in 

liquid minimal salt media (MSM). From the fourteen bacterial strains isolated only three isolates 

were selected that show high potency for degrading anthracene. Isolates GH1, GH17 and GH21 

were identified biochemically and genetically by 16S rRNA sequence as Lysinibacillus fusiform, 

Bacillus subtilis and Serratia liquefaciens, resepectively. Some environmental factors which effect 

anthracene degradation were also studied in this research to optimize its degradation process. The 

intermediates formed during anthracene degradation were identified by GC-MS spectroscopic 

analysis, which revealed anthracene degradation pathway. 
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non-toxic compounds, a feature which makes them  outstanding 

among all other microbes [9,10]. The diversity of  bacterial 

enzymatic metabolism and their role to face  environmental  

disaster   provide a biological   reservoir for these recalcitrant 

aromatic hydrocarbon  through biochemical activities of it  

[11,12]. 

 
MATERIALS AND METHODS 

 

Waste water samples  were  collected from different 

contaminated industrial sites in Egypt such as  a paper company 

drainage, Pesticide Kafr-Zaiat company drainage, Petrochemical 

industries and oil refinery  in Shubra El-Kheima Qalyubia 

Governorate and 6-October city Cairo Governorate that  contains 

a complex  mixture  of  poly aromatic hydrocarbons (PAHs), and  

heterocyclic aromatic hydrocarbon  including  anthracene,  and 

other aromatic hydrocarbon .The samples were collected in glass 

jars and preserved in a refrigerator at 4 oC until using for isolation 

purposes. 

 

Chemicals and reagents 

Chemicals that were used in this study were purchased from 

Sigma Aldrich and Fischer that have a purity of 99%. Anthracene 

was purchased from Fermentas Co. 

  

Culture media 

Liquid Minimal salt medium (MSM) used in this research is 

carbon-free source before anthracene was added after autoclaved 

at 121 oC for 15 minutes, was composed of phosphate buffer 2x 

which  include (Na2HPO412H2O 14 g,  KH2PO4 2 g ) and topped 

up with distilled water H2O to 1L. The pH was adjusted to 7.4, 

sterilization by autoclaving and trace  elements  solution  which 

was composed of (HCL (25%)  1.3 ml,  ZnCl2 70 mg,( MgCl2) 

4H2O 100 mg, H3BO4  62 mg, (CoCl2 ) 6H2O  190 

mg,CuCl2H2O 17 mg, NiCl26H2O  24 mg,  NaMoO42H2O  36 

mg, distilled H2O up to 1 liter, sterilized by filtration (syringe 

filter).  A 100 x Salt-solution which consists of  Ca(NO3)24H2O 

5 g, MgSO47H2O  20 g, FeIII-ammonium-citrate (28 %) or 1g, 

trace elements solution 100 ml was made up by distilled H2O to 

1 liter   and sterilized by filtration.  Liquid medium was prepared 

in the flask by putting 10 ml of Phosphate buffer and 100 μl from 

the stock of major salts 100x and trace elements salts. The solid 

minimal  medium  was  assembled  by  sterilization of 15 g agar 

in 900 ml distilled water, then supplemented with 100 ml buffer 

2X and 10 ml from the salt solution 

 

Bacterial isolation 

One milliliter from each source  was  transferred to 50 ml of 

sterilized  broth  minimal salt  medium (MSM) containing  

anthracene at  the initial  concentration of 100  ppm in acetone 

solvent  and sterilized  after  filtration  by  0.25 micrometer  filter,  

stored in a refrigerator. A certain volume  of  the  stock  solution  

was then transferred to the flask bottom prior to  the medium 

addition of a thin film of anthracene that was formed in the flask 

bottom. The  flasks  were  incubated  for one  month  at 30 oC on 

a rotary shaker at 150 rpm  after several  enrichment processes 

using new  minimal  media each week  [13].  

 

After the incubation  period, 0.1 ml of the culture  growth  

from  flasks that  showed turbidity was plated  on solid  minimal 

salt  agar  plates  supplemented  with anthracene  dissolved  in  

acetone  and sprayed at the surface of the agar plates  by spray  

plate  technique  to  form  a thin  layer  of  anthracene, the culture  

inoculum  was added  after  evaporation  of  acetone  by  heating  

the  plate  near  a heat source for minutes [14]. The plates were 

incubated at 30 oC for one week.  Bacterial colonies that appeared 

in  plates  that  show  clear  zone  around    anthracene   were  

streaked  on  LB  plates   for obtaining  pure  colonies [15,16]. 

The isolated bacterial strains were preserved in 25% (v/v) 

glycerol solution at -20 °C and sub-cultured at an interval of 30 

days. 

 

Screening of the best anthracene degrading bacterial isolates 

The  best  anthracene-degrading bacterial isolates were  screened  

by the agar  plate  assay, among  all of the colonies, only  the 

colony exhibiting the highest zone of  anthracene utilization was 

selected for further works. 

 

Morphological and molecular identification of the isolates 

Some morphological characteristics such as colony  morphology, 

Gram stain, spore stain and motility  test  were made to the 

selected bacterial isolates, and molecular identification were also 

made by isolating DNA of the isolate, the isolated strains were 

characterized genetically by sequencing  the  16S rRNA gene 

with the universal bacterial primers 8F 

(5’AGAGTTTGATCMTGGCTCAG) and 1492R 

(5’GGYTACCTTGTTACGACTT-3’). Similarity, searches of 

the 16 sRNA sequences were performed compared with 

sequences available at the NCBI data base using the BLAST 

algorithm. 

 

Parameters affecting the utilization of anthracene by bacteria 

The best selected bacterial isolates that showed higher 

biodegradation ability were  used for optimization condition of  

biodegradation and utilization  rate of anthracene, the parameters 

that were optimized are  temperature, pH, salinity, anthracene 

concentration, carbohydrate utilization and  incubation periods . 

All these experiments were made in liquid MSM containing the 

anthracene as a sole carbon and energy source, and the optical 

density (OD) of the isolates were measured in a 

spectrophotometer at 650 nm. 

 

GC-MS analysis for metabolites products of anthracene 

biodegradation 

The metabolites formed during anthracene degradation was  

qualitativelyanalyzed  by GC-MS spectroscopic analysis by 

using  numbers  of  test tubes experiments, each test tube 

contained 4 ml of sterilized liquid MSM medium (pH7),100 μl of 

microbial inoculum and 50 μl of anthracene. The extraction of 

this sample was carried out by mixing the content of one test tube 

(approximately 5 ml) with 1 ml of hexane [17]. This mixture was 

shaken thoroughly to emulsify its content and allowed to resettle 

for five minutes. The top layer was isolated and transferred to a 

clear vial for further use.  The hydrophobic layer containing 

microorganisms was filtered prior to injection to GC-MS, 1 μl 

was then injected onto the column using a 1:20 split ratio. A 

standard mixture of hydrocarbons was used to quantify each 

analyte by determining its mass spectra as well as its retention 

times.  

 

RESULTS AND DISCUSSION 

 

1. Isolation and characterization of anthracene-degrading 

bacteria from different sample sources 

By sampling and inoculating from different industrial waste 

water samples to liquid minimal media, forty bacterial strains 

were isolated in regarding to their ability to degrade anthracene 

through the formation of clear zone in minimal agar plates. From 

these isolates, only three isolates GH1, GH17, GH21 were 

selected that have been shown as high utilizing and 

biodegradation capacity for anthracene according to their high 

clear zones diameter around anthracene. The morphological 

characteristics of the isolates were identified and were listed in 

Table 1. 
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Table.1. The Morphological characteristics of the bacterial isolate GH1, 

GH17 and GH21. 

 

isolates colony morphology Gram stain spore stain motility test 

GH1 white, round, moist, 

irregular margin 

+ve rods sporulated non- motile 

GH17 white, rhizoids, dry, 

irregular margin 

+ve rods sporulated non- motile 

GH21 off white, round, moist, 

regular margin 

-ve rods no spore motile 

 

 

Optimization condition of the most potent anthracene 

tolerant by three bacterial isolates GH1, GH17, GH21 

Many parameters  like  temperature, pH, salinity, anthracene 

concentration, incubation periods, and carbohydrate utilization 

have been studied in this research which influences the 

biodegradation  rate  of  anthracene  by  its effective  role to  affect  

or inhibit  the bacterial growth rate, these factors  were optimized 

and  the  results obtained after measuring the OD at 650 nm  were 

shown in Fig. 1(A to F) for each parameter. 

 

Effect of temperature 

Fig. 1A shows the effect of temperature on the degradation of 

anthracene. It was observed that the high anthracene degradation 

was at ambient temperature of about at 30 ºC. 

 

Effect of PH: 

Different pH values were tested on anthracene biodegradation 

process, Fig. 1B reveals that the optimum biodegradation of 

anthracene was found at pH 9.0, which means that anthracene 

degradation was best at alkaline medium than at neutral. 

 

Effect of salinity 

Variety of NaCl salt concentration were added to different 

minimal liquid media supplemented with anthracene. It was 

observed that the maximum anthracene degradation rate was at 

1% (w/v) of NaCl concentration (Fig. 1C).  

 

Effect of different concentration of anthracene  

Different concentrations of anthracene (ppm) were tested to 

determine the best one among them. The results in Fig. 1D 

showed that strains GH1, GH17, GH21 could degrade low 

concentrations of anthracene (50 ppm), the growth of these 

strains was increased gradually by increasing anthracene 

concentration until 500 ppm concentration, after that a dramatic 

decrease was obtained after this concentration. It can be 

concluded from this figure that the optimum concentration of 

anthracene for these strains was 500 ppm. 

 

Effect of different incubation periods: 

 Anthracene degradation was measured at different incubation 

periods along 4 weeks; the OD was measured at 650 nm after 

every 4 days. In Fig. 1E it was shown that the degradation was 

increased along time until it reached 20 days at this point the 

degradation of anthracene was ceased or decreased slightly. 

 

Effect of different sugars on anthracene degradation: 

Different carbohydrate utilization by isolated bacterial strains 

besides anthracene degradation was tested for its ability to 

degrade anthracene as in Fig. 1F, it was observed that all isolated 

bacterial strains have the ability to degrade anthracene  efficiently  

when  any sugar was added to the minimal medium. 

 

 

 

 

 

 
Fig. 1. Influence of environmental parameters on anthracene degradation, 

(A) temperature, (B) pH, (C) salinity, (D) anthracene concentration, (E) 

incubation periods and (F) different sugar type. 
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Molecular identification of bacterial isolates 

The bacterial isolates were identified genetically   by sequences 

of 16S rRNA gene from isolated DNA obtained from BLAST 

and were confirmed using NCBI sequence similarity search tool.  

The results confirmed that GH1 strain shows 98% similarity to 

Lysinibacillus fusiform, GH17 shows 99% similarity with 

Bacillus subtilis and finally, GH21 shows 99% similarity with 

Serratia liquefaciens. 

 

GC-MS instrumental analysis for degradation studies 

GC–MS spectroscopic analysis was carried out to determine the 

metabolites formed during the biodegradation of anthracene. 

Some metabolites were detected in the anthracene degradation 

pathway (Fig. 2). 

  

 

 

 
 
Fig. 2. The GC-mass spectrum of the anthracene in MSM (A) Analysis 

of anthracene degradation metabolites by Strain GH1 (B) Analysis of 

anthracene degradation metabolites by Strain GH17 (D) Analysis of 

anthracene degradation metabolites by Strain GH21. 

 

DISCUSSION 

 

Biodegradation is the major route for most organic pollutants in 

many environmental waste sites. However, the activity of the 

degrading  microorganism depends on many factors such as  

contaminant uptake, the concentration of organic pollutant and 

its toxicity, nutrient availability and activated  microbial enzymes 

[18]. Aromatic hydrocarbons are substances frequently used for 

human concerns. It often released to the environment  

accidentally or through some industrial waste discharge, they are 

widespread contaminants in soil and ground water in 

industrialized areas [19]. Many microorganisms  are known for 

its efficiency to degrade or mineralize many hazardous organic 

chemicals; bioremediation is nowadays another alternative way 

to clean up polluted  areas [20].  

 

Anthracene is a tricyclic  recalcitrant  polycyclic aromatic 

hydrocarbon (PAHs) that  is  resistant  to degradation [21]. In this 

study, three isolated bacterial strains GH1, GH17 and GH21 from 

different industrial sites in Egypt were tested for their ability to 

utilize and degrade anthracene as it uses it the sole carbon and 

energy source when supplemented in minimal salt media (MSM). 

The isolates were identified morphologically, biochemically, 

genetically. The identification analysis confirmed strain GH1 to 

was related to Lysinibacillus fusiform, strain GH17 was related 

to Bacillus subtle and strain GH21 was related to Serratia 

liquefaciens.    

 

The rate of  anthracene  biodegradation  is influenced by 

many factors such as temperature,  pH, salinity, pollutant 

concentration and, chemical and physical characteristics of the 

contaminated environment [22]. In the previous study the 

anthracene degradation by three bacterial isolates GH1, GH17, 

GH21 were degraded efficiently at moderate temperature about 

at 30 oC as  in agreement with Eriksson et al. and Leahy & 

Colwell, [23,24] polycyclic aromatic hydrocarbons (PAHs) 

biodegradation rates were slightly higher at moderate 

temperatures (15–30 °C) due to diffusion, mass transfer and 

metabolic activity were each increased  [25].   

 

pH is another environmental factor that influence the 

anthracene degradation. The pH may affect the solubility of 

pollutants, nutrient bioavailability, and the chemical form of the 

pollutants. From the results, it were showed that the anthracene  

degradation increased at slightly alkaline PH by three bacterial 

strains GH1,GH6,GH7 as according to Zhu et al. [26] 

degradation of polycyclic aromatic hydrocarbons(PAHs) 

increases with increasing pH and slightly alkaline condition 

consider the  optimum for biodegradation of aromatic 

hydrocarbon. Salinity is an important  factor that can render 

microbial  growth  and  bio degradation of aromatic hydrocarbons 

[27]. There is an inverse relationship between salinity and 

hydrocarbon solubility [28].  

 

The result were  showed that the degradation of anthracene  

with three  bacterial  isolates were best at MSM  medium free  of  

salt concentration or slightly salt concentration as 1% for 

anthracene  degradation according to the OD  at 650 nm of 

anthracene in MSM  liquid medium which agree with  Leahy and 

Colwell [24] that increasing the salinity in the range of 3.3 to 

28.4 %  led to decrease in the rate of hydrocarbon  

biodegradation. Another factor that can  affect the biodegradation 

rate is a concentration of  hydrocarbon pollutants due to two 

reasons toxicity and  induction .The toxic effects may attributed 

to disruption of membrane-based  energy  generation  processes 

[29]. Different concentration of anthracene  were  studied  that  

the  degradation of anthracene by three bacterial isolates were 
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increased gradually by  increasing  the concentration of  aromatic 

hydrocarbon from 50 ppm to 500 ppm, until it reached to a certain 

point that the degradation was degreased at higher concentration 

1000 ppm as Chen and Aitken [30] stated that by increasing the 

concentration dose  of the contaminant the toxic effects of these 

contaminants will increase and this led to that   microorganisms 

will be unable to defend itself  from the toxic effect of them . 

Utilization of carbon source beside the aromatic hydrocarbon is 

another crucifer property for the degradation of them the present 

study different carbon source such as (glucose, fructose, sucrose, 

maltose) were added to liquid MSM and the utilization and 

biodegradation of them were tested.  

 

It is generally accepted that microorganisms do not grow on 

high- molecular weight (HMW) compounds as sole carbon 

sources, therefore the microorganisms capable of degrading these 

pollutants must obtain energy from other source and metabolize 

these recalcitrant aromatic hydrocarbon.  From the above results 

there is some evidence that the degradation of these high- 

molecular weight HMW compounds can be enhanced by the 

addition of another carbon source like sugars. The  incubation 

periods also  were studied in this work .The results were indicated 

that the three bacterial isolates has short generation time capable 

of demonstrating rapid growth at short incubation periods as  the 

OD increased when the incubation periods was  increased then at 

certain time about  after  20 days  the OD was decreased slightly 

and then it was fixed after the 20 days at 24, and 28 days without 

and change.  

 

The degradation of anthracene and its intermediates were 

analyzed using gas chromatography (GC- MS) as evident from 

the result, anthracene was  more  readily degraded after 28 days 

of incubation . Results of the GC-Mass spectrum analysis of 

anthracene biodegradation shown in the Fig (2) indicated that 

several intermediates were formed during the biodegradation of 

anthracene which may results from the oxidation process by 

many bacterial enzymes. Baker and Herson [31] reported that 

degradation of   aromatic hydrocarbons with   long chains from 

C18 C25 proceeds only slowly. In this study isolation of a 

bacterium capable of degrading this complex aromatic 

hydrocarbon is highly useful in the bioremediation of 

hydrocarbon polluted areas. 

 

CONCLUSION 

 

Forty native Egyptian anthracene degrading bacterial strains 

were isolated from different contaminated industrial waste water 

sites in Egypt. These bacterial strains were identified as 

Lysinibacillus fusiform (GH1), Bacillus subtilis (GH17). Serratia 

liquefaciens (GH21). Some parameters also studied which affect 

the biodegradation of the anthracene. Gas chromatography of the 

anthracene degradation metabolites used for the identification of 

the intermediates resulted from the bacterial enzymatic attack. 
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