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INTRODUCTION 

One of the major problems facing the industrialized 

world today is the contamination of soils, sediments, 

ground water, surface water and air with hazardous and 

toxic chemicals. So, the application of biotechnology for the 

clean up of industrial pollutants is a must (Atlas, 1981). 

Water is essential for all forms of life covering 73% 

of the Earth's surface; the quality of the environment is 

often defined by its water quality (Gary and Stephen, 

2001). 

In Egypt, River Nile is considered the main source of 

water, it is severely affected by the industrial discharges 

containing a variety of suspended solids, oils, toxic metals 

and organic compounds. These stimulate the growth of algae, 

microbial organisms and aquatic plants and in turn alter the 

natural water quality (Ali et al., 2000). 

Unfortunately in recent years it was found that the 

expanding demands for fresh water of good quality has 

inevitably been equaled by an increased discharge of waste 

products into the water body (McKee, 2001). 
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As a result the successful cleaning of industrial waste 

water prior discharge has relatively yet to be improved 

(Khanniche et al., 2001). 

Several investigators demonstrated the ability of 

microorganisms to utilize aliphatic and aromatic 

hydrocarbons as a sole source of carbon (Feitkenhauer and 

Markl, 2003). 

The degradation of hydrocarbons by micro-

organisms is due to extracellular and cell linked enzymes. 

The power of this process differs from one species to 

another depending upon the amount and activity of the 

induced degrading exoenzymes (Batie and Bollon, 1987). 

It has been reported that activation using laser 

radiation is one of the methods used to increase enzyme 

production and activity (Kim et al., 1995). 

Many studies stated that exposure of microbial cells 

to definite doses of low intensity Helium-Neon (He-Ne) 

laser radiation accelerate the growth of the population in 

the exponential phase and enhance the protein synthesis 

(El-Tatawy, 2007). However, higher doses are inhibitory 

(Ouf, 2004). 
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AIM OF THE WORK 

Microbial enhanced remediation is an effective and 

cheap technology to treat the industrial waste water before 

discharge, so its future application in Egypt is important. 

The objectives of this study are: 

• Indexing the water pollution in five different sites 

along the River Nile in Great Cairo by monitoring the 

levels of microbial counts associated with 

biodegradation of aliphatic and aromatic 

compounds. 

• Selection of the most active biodegradable microbial 

isolates (Bacteria, yeast and fungi). 

• Selection of the most optimum pH and incubation 

temperature for biodegradation of n-octane and 

ethyl benzene individually and in combination as 

representative examples of paraffinic and aromatic 

hydrocarbons. 

• Irradiation of the most three potent microbial 

isolates by low power laser radiation to increase 

enzyme production and biore-mediation activity. 

• Application of the most three potent microbial 

isolates at the optimum conditions on a mixture of 
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paraffinic hydrocarbons and a mixture of 

polyaromatic hydrocarbons before and after 

irradiation. 
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REVIEW OF LITERATURE 

1. River Nile and water quality: 

River Nile is one of the longest rivers in the world; it 

is the main source of water for drinking, irrigation and 

industry. It extends for about 960km from Aswan high dam 

to the Delta barrage and is divided into two main branches 

Damietta and Rosetta branches (Ghoniemy, 2005). A 

variety of wastes coming from the industrial discharge 

from the factories located on its shores have a considerable 

potential effect on its water quality (Hamza, 1992 and El-

Korany, 1995). 

The Egyptian government has recognized the 

dangers of pollution, so it has issued a series of laws for its 

control as law 48/1982 regarding protection of the River 

Nile and water ways against pollution (El-Moatassem, 

1986). 

Abdelhamid et al., (1992) reported that, sixteen 

water samples were taken from different locations along the 

River Nile, its two main branches, and some canals. Analysis 

of these samples showed that the pollution point sources 

(industrial effluents) exerted negative local effects on the 

water quality. 
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Also, Zayed et al., (1995) studied the water quality 

of the River Nile for a period of two years, the results 

confirmed the pollution of certain positions near the waste 

water sources which required purification system for 

treatment before drainage. 

Similarly, Awadallah et al., (1996) reported that, 

there are high concentration of some heavy metals in 

several mud sediment samples which were taken from the 

bottom of the main stream of River Nile and were collected 

from seven locations between Aswan and Giza. These 

results might be attributed to the drainage of domestic 

waste water and industrial effluents directly into the Nile. 

River Nile receives a large quantity of industrial, 

agricultural and domestic waste water also the collected 

data confirmed the presence of high concentrations of 

chromium and manganese in all sediment samples 

(Wahaab and Badawy, 2004). 

Similarly, the analysis of the water samples which 

were collected from the River Nile in Cairo, at the points of 

discharge of Yassen and Helwan Steel Factories, indicated 

the presence of higher levels of heavy metals (Cd, Co, Cr, 

Cu, Pb and Zn). These confirmed that the industrial 

activities of the two factories are responsible for the 
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contamination of the River at these points (El-Bahy et al., 

2005). 

2. Pollution: 

Pollution is defined as the direct or indirect release 

of industrial and domestic wastes into the environment. It 

is one of the most important problems that faces the 

scientists recently, especially after the industrial 

revolution. The absence of environmental awareness and 

the inability of many factories to treat their wastes before 

disposing them to River Nile are the main causes of water 

pollution (Negm and El-Gebaly, 1999). 

Most of these wastes contain hazardous components 

in small amounts which might show adverse effects on the 

ecosystem (Angelidaki et al., 2000). 

There was a special public concern about organic 

components which might have a potential for their acute 

toxicity, carcinogenic and mutagenic effects and their high 

resistivity to biodegradation (Block et al., 1993; 

Fulkowska et al., 1998 and Angelidaki et al., 2000). 

3. Hazards of pollution: 

The introduction of pollutants of domestic, industrial 

and agricultural origin had seriously degraded the rivers 
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quality (Hejzlar et al., 1996; House and Dension, 1998 & 

Jarrie et al., 1998). 

Iqbal, (2003) indicated that during the passage of 

water through rivers and soil it acquires various types of 

dissolved and suspended impurities which are considered 

the main source of turbidity, while the large scale use of 

insecticides and pesticides in addition to the untreated 

industrial and municipal effluents which were dumped into 

the water bodies are considered the main source of toxic 

contaminants. 

Generally hydrocarbons found in the environ-ment 

are found to be of three types: petrogenic as crude oil and 

its refine products, pyrogenic as compounds generated 

from combustion processes, and biogenic as hydrocarbons 

generated from biological processes (Boehm et al., 1997). 

Siegrist, (1992) and Leahy et al., (2003) indicated 

that aromatic and chloroaliphatic hydrocarbons were 

found as contaminants of soil and ground water. These 

contaminants include a number of toxic and carcinogenic 

compounds. Also Giesy and Kannan, (1998) cited that, the 

toxic effects of polychlorinated biphenyl compounds 

include neuro-toxicity, developmental effects and 

endocrine disruptions. Water can be polluted with 

polycyclic aromatic hydrocarbons (PAHs) from industrial 
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and municipal wastes (Krien and Schorer, 2000) or may 

be formed during the incomplete combustion of organic 

materials (Cerniglia, 1992 and Chaineau et al., 1995). 

These compounds bioaccumulated along the food chain 

and considered a threat to food safety (Nyman, 2000 and 

Pan et al., 2004). 

Moreover, low molecular weight polynucleur aromatic 

hydrocarbons (PAHs) which contain less than four benzene 

rings are acutely toxic thus affecting the reproduction and 

mortality rates of aquatic animals. While high-molecular 

weight PAHs which contain four or more benzene rings are 

carcinogenic. These compounds are hydrophobic in nature, 

so they bind to particulates in soil and sediments rendering 

them less available for biological uptake (Morehead et al., 

1986 and Boonchan et al., 2000). 

The development of human, industrial and 

agricultural activities lead to the synthesis of new organic 

compounds known as xenobiotics (Lora et al., 2000). 

From these compounds chlorophenols, which introduced 

into the environment via the discharge of waste water. 

These compounds are very toxic and very inhibitory to 

bioremediation (Valo et al., 1990; Hill et al., 1996 & 

Sahinkaya and Dilek, 2005). 
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Infante and White, (1983) reported that the crude oil 

contains a number of carcinogenic compounds among them 

benzene which constitute 1.6% of its volume. There is clinical 

evidence which indicated that humans exposed to benzene 

and oil fumes are subjected to hyper plastic bone marrow 

leukemia (Huff et al., 1988 and Goldstein, 1989). 

4. Treatment of pollution: 

4.1 Mechanical recovery: 

Mechanical recovery is a mean for controlling oil 

pollution by its removal from the water surface by the help 

of brooms or skimmers or by surface collecting agents 

(NRC, 1985). Performance of this method can be severely 

limited by weather conditions including current, waves and 

wind, also the rate of recovery decreases by decreasing the 

oil thickness (NRC, 1989). 

Ellis, (1989) stated that, the removal of oil from the 

surface of fresh water include two stages: the first is the 

skimming of the oil, and the second is the removal of the 

remaining traces using oil-absorbent devices. 

4.2 Chemical dispersion: 

The chemical dispersion is found to be one of the 

most commonly used methods for oil pollution treatment. 

Zakaria, (1998) stated that chemical dispersants are 

defined as mixtures of solvents and surface-active agents 
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which reduce the oil/water surface tension and hence 

stabilize small oil droplets dispersed in water. 

Dart and Stretton, (1980) reported that oil which 

has been weathered tends to adhere with sand coated with 

silicones or long chain amines and sink it, thus the oil is 

completely immobilized. 

Therefore using chemical dispersants may affect the 

human health as they increase the exposure of subsurface 

and benthic organisms to the toxic components of the 

dispersed oil (Fingas et al., 1989). 

4.3 Microbial degradation: 

4.3.1 Biodegradation 

Biodegradation is the metabolic ability of micro-

organisms to transform organic contaminants to less 

harmful, non-hazardous substances which are then 

integrated into the natural biochemical cycles (Norris, 1994; 

Allard and Neilson, 1997; Alexander, 1999 & Margesin 

and Schinner, 2001). 

Many microorganisms have the ability to utilize 

hydrocarbons as a sole source of energy and carbon, those 

microorganisms are widely distributed in nature. The 

microbial utilization of hydrocarbons is dependent on the 

chemical nature of the compounds and on the 

environmental conditions (Atlas, 1981). 
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Prince et al., (2002) reported that, the aerobic 

biodegradation of hydrocarbons has been intensively 

studied in the last century and hundreds of cultures of 

hydrocarbon-degrading aerobic-microorganisms have 

been identified. These organisms rely upon oxygen as both 

the initial oxidant of hydrocarbon and the terminal 

electron acceptor of the respiratory electron flow. Also the 

anaerobic degradation of hydrocarbons has been clearly 

demonstrated in the last decade and very few defined 

cultures are concerned (Heider et al., 1999 & Spormann 

and Widdel, 2000). 

4.3.2 Bioremediation: 

Bioremediation is a process that uses naturally 

occurring or genetically engineered microorganisms such as 

yeast, fungi and bacteria. It is an effective, less expensive, and 

logistically favorable clean up technology that attempts to 

accelerate the naturally occurring biodegradation of 

contaminants through the optimization of limiting conditions 

(Norris, 1994; Allard and Neilson, 1997; Alexander, 1999 

& Margesin and Schinner, 2001). 

Devine, (1992) reported that certain criteria must 

be met for bioremediation to be seriously considered as a 

practical mean for treatment: 
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a) Microorganisms exist must have the capacity to 

transform the compounds at reasonable rates and 

the generated products must not be toxic. 

b) The site must not contain combination of chemicals 

that are markedly inhibitory to the biodegrading 

species. 

c) The target compounds must be available to the 

microorganisms. 

d) Conditions at the site must be favorable for growth. 

e) The cost of the technology must be less expensive 

than other technologies. 

Bioremediation technologies can be broadly 

classified as: 

Ex situ technologies: 

Which involve the physical removal of the 

contaminated material to another area for treatment. 

In situ technologies: 

Which involve the treatment of the contaminated 

material in place. 

(Table, 1) summarizes the most commonly used 

bioremediation technologies (Baker and Herson, 1994). 

(Table, 1): Bioremediation treatment technologies. 



Review of literature  

 14 

Bioaugmentation 
Addition of bacterial cultures to a contaminated 
medium; frequently used in bioreactors and ex situ 
system. 

Biofilters 
Use of microbial stripping columns to treat air 
emissions. 

Biostimulation 
Stimulation of indigenous microbial populations in 
soils and/or ground water; may be done in situ or ex 
situ. 

Bioreactors 
Biodegradation in a container or reactor; may be used 
to treat liquids or slurries. 

Bioventing 
Method of treating contaminated soils by drawing 
oxygen through the soil to stimulate microbial growth 
and activity. 

Composting 

Aerobic, thermophilic treatment process in which 
contaminated material is mixed with a bulking agent; 
can be done using static piles, or continuously fed 
reactors. 

Landfarming 
Solid-phase treatment system for contaminated soils; 
may be done in situ or in a constructed soil treatment 
cell. 
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5. Interaction of microorganisms with the 

contaminated compounds: 

5.1 Bacteria: 

Fresh water bacteria are the predominant type of 

decomposers. There are more than 25 genera involved in 

hydrocarbon-degrading bacteria (Leahy and Colwell, 

1990). 

Delaune et al., (1990) indicated that, bacteria play 

an important role in the degradation of toxic hydrocarbons 

in aquatic environments. Several bacterial strains which 

were isolated from water samples were able to utilize the 

four-ring aromatic compounds (fluoranthene and pyrene) 

as a sole carbon and energy source (Walter et al., 1991; 

Boldrin et al., 1993; Caldini et al., 1995; Bouchez et al., 

1997 and Vila et al., 2001). Also, it was reported that 

some strains of the genus Pseudomonas are capable of 

utilizing chlorobenzene and chlorophenol as the unique 

sources of carbon and energy (Gallego et al., 2001). 

Leahy et al., (2003) indicated that ,the well 

characterized toluene oxidizing bacteria Pseudomonas putida 

as well as several strains of bacteria which were isolated 

from activated sludge had the ability to degrade mixtures of 

aromatic and chloroaliphatic hydrocarbons. 


