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ABSTRACT 
Title:     Comparative study for removal of some heavy metals  

             from liquid wastes using natural resources and bacteria 

 

Candidate:            Hamdy Elsayed Ahmed Ali 

                         Botany Department, Faculty of Science, Sohag University 

  

         Twenty three bacterial strains have been isolated from polluted 

water and soil samples of Ismailia Canal in Egypt. The polluted sites were 

at Abu Zabal Factory (fertilizer factory), Elshaba factory (Aluminum 

sulfate factory) and Oil-pipes Company (petrochemical materials). By 

screening the abilities of these isolates to tolerate heavy metals, it has 

been found that isolate "MAM-4" was the most potent isolate. This isolate 

was identified as Providencia rettgeri. 

         As the concentration of Al
3+

 increased the ability of P. rettgeri to 

uptake Al
3+

 decreased. P. rettgeri could remove 97.2% of Al
3+ 

from 25 

mg/L. Bacillus cereus
 
ATCC 11778 (American Type Culture Collection, 

U.S.A) gave the same trend for Al
3+ 

uptake but P. rettgeri was more 

tolerant to Al
3+ 

than B. cereus ATCC 11778.With increasing Co
2+

 

concentration, abilities of P. rettgeri and B. cereus ATCC 11778 to 

uptake decreased. P. rettgeri could uptake 59 mg/L Co
2+ 

from 200 mg/L 

(29.5%), while B. cereus ATCC 11778 uptake 68.3mg/L (34.1%). 

Also, as the concentration of Cu
2+

 increased the abilities of P.  rettgeri 

and B. cereus ATCC 11778 to uptake Cu
2+

 decreased. P. rettgeri removed 

11.5mg/Cu
2+

 from 25mg/L (47.0%), while B. cereus ATCC 11778 

removed 13.5mg/L from the some concentration  (54.%). 

 Combined treatment of 1.0% untreated clay with P. rettgeri could 

remove 471.8 mg/L Al
3+

 from 500 mg/L (94.4%), 82.4 mg/L Co
2+

 from 

200 mg/L (41.2%) and 150 mg/L Cu
2+

 from 300 mg/L (50%). 
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 However, 1.0 % treated clay combined with P. rettgeri adsorbed 

207.8 mg/L Al
3+

from 500 mg/L (41.5%), 52.0 mg/L Co
2+

 from 200 mg/L 

(26.0%) and 185 mg/L Cu
2+

 from 300 mg/L (61.6%).  

 The combined treatment adsorbed more heavy metals than clay 

only or bacterial cells only. Three KGy gamma radiations reduced the 

viable count of P. rettgeri by 7.4 log cycles. P. rettegri mutant MI was 

able to tolerate more Al
3+

 than the parent strain. 

Key words: P. rettgeri, heavy metals, clay and gamma radiation. 
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Introduction 

The increase of industrial activities has intensified environmental 

pollution problems (Lalitagauri et al., 2000) which caused deterioration 

of several ecosystems with the accumulation of many pollutants, such as 

toxic metals (Costa and Duta, 2001 and Teitzel and Parsek, 2003). 

Toxic substances in the environment can be categorized as:  

 Naturally occurring of toxic elements and compounds. 

 Toxic compounds that are synthesized industrially.  

The danger associated with naturally occurring toxic elements and 

compounds depend on their distribution in the environment. Under 

natural conditions their distribution remains relatively constant, because 

of natural biological processes that affect both their degradation and 

synthesis. And they do not pose serious public health problems. When 

used in industrial processes. They may re-enter the environment and 

disrupt the natural action of organisms in such a way that the balance 

between degradation can no longer be maintained. The natural poisons are 

undoubtedly the most difficult to study because certain amounts are 

always present in the environment; also, a small disturbance in an 

ecosystem can bring about a natural increase in the rate of synthesis of 

these compounds (Wood, 1974).  

The toxic heavy metals cause serious threat to the environment, 

animals and humans. Many industries such as mining, iron-sheet 

cleaning, plating, metal processing, automobile parts manufacturing, 

dyeing, textile, fertilizer and petroleum industries release heavy metals 

such as chromium and iron in the environment (Rapoport and Muter, 

1995). 

The heavy metals are transported by runoff water and contaminate 

water sources downstream from the industrial site. All living things 

including microorganisms, plants and animals depend on water for life. 

Heavy metals can bind to the surface of microorganisms and may even 
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penetrate inside the cell. Inside the microorganism, the heavy metals can 

be chemically changed as the microorganism uses chemical reactions to 

digest food (Srivastava and Majumder, 2008). 

Several physico-chemical methods have been widely used for 

removal of heavy metals from industrial wastewater, such as ion 

exchange, activated charcoal, chemical precipitation, chemical reduction 

and adsorption, etc. (Beszedits, 1998 and  Rengaraj et al., 2001). The 

conventional methods used for the treatment of heavy metals from 

industrial wastewater present some limitations. There are still some 

common problems associated with these methods since they are cost- 

expensive and can themselves produce other waste problems, which has 

limited their industrial applications (Benjamin, 1983 and  Mandi et al.,  

1996).  

Among the available treatment processes, nowadays the application 

of biological processes is gradually getting momentum due to the 

following reasons: 

 Chemicals’ requirement for the whole treatment process is 

reduced. 

 Low operating costs. 

 Eco-friendly and cost-effective alternative of conventional 

techniques. 

 Efficient at lower levels of contamination. 

Biosorption, using biomaterials such as bacteria, fungi, yeast and 

algae, is regarded as less cost –effective biotechnology for the treatment 

of high volume and low concentration complex waste waters containing 

heavy metals in the order of 1 to 100 mg/L.
 
(Wang and Chen, 2006).

 
 

So, the aims of the present study are the following: 

1- To isolate, purify and identify local bacterial strains from polluted 

waters of Ismailia Canal that have the ability to grow on different 

heavy metals ions. 
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2- Comparing the potency of the isolated gram negative strain 

(Providencia rettgeri MAM-4) with the standard gram positive B. 

cereus ATCC 11778 in tolerating and uptaking high concentrations 

of heavy metals to be used as natural adsorbents in bioremediation. 

3- Using low cost adsorbent, clay natural or treated with acids alone or 

combined with Providencia rettgeri MAM-4 to remove heavy 

metals from aqueous solutions. 

4- Trying to get mutants having higher abilities to uptake or tolerate 

heavy metals and determination of the dose response curve for 

Providencia rettgeri MAM-4. 

5- Finding a relation between heavy metals resistance and antibiotic 

susceptibility of Providencia rettgeri MAM-4. 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 21 

 

 

 

 

 

 

 

 



 22 

Review 

1- Spreading of heavy metals in nature 

 Trace metals are present everywhere in the environment, occurring 

in varying concentrations in air, soil and all biological matter (Heinrichs 

and Mayer, 1977).Contamination of soils, ground water, sediment, 

surface water and air with hazardous and toxic chemicals are serious 

problems, which have been faced by our world today (Boopathy, 2000). 

The continued industrialization of countries has led to extensive 

environmental problems. A wide variety of chemicals (e. g. heavy metals) 

have been detected in different biota such as soil, water and air (Cheng, 

2003 and Turgut, 2003).  

Industrialized countries have regulated the emission of toxic 

substances in the environment. However, many sites around the world 

remain contaminated, representing a risk to humans and other organisms. 

Heavy metals are among the pollutants that need to be removed from such 

contaminated sites. Several heavy metals such as, Cd, Cu and Cr, are 

considered hazardous waste metals that can accumulate in the human 

body with a relatively large half-life. It has been stated for example, that 

Cd has half-life of 10 years once in the human body (Salt et al., 1995 and 

Gardea-Torresdey et al., 2004). 

1.1. Soil contamination 

Heavy metals contamination of soil is widespread (Giller et al., 

1998). Many agricultural and industrial practices had led to 

environmental pollution by heavy metal ions. Heavy metals 

contamination in soil comes from anthropogenic sources such as smelters 

mining, power stations and the application of pesticides containing 

metals, fertilizer and sewage sludge (McGrath et al., 1995 and Pereira 

et al., 2006). 
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Soils soil polluted by the trace elements As, Bi, Cd, Cu, Pb, Sb, Ti 

and Zinc (Cabrera et al., 1999).
 
Excessive accumulation of heavy metals 

in agricultural soils, through wastewater irrigation, may not only result in 

soil contamination, but also affects the food quality and safety 

(Muchuweti et al., 2006). Ansari and Malik (2007) proved that the 

atomic absorption spectrophotometric analysis of heavy metals in soil 

revealed a high level of Fe, Cr, Cu, Zn, Ni and Cd. Iron was the highest 

(1159.2 µg/g) in soil samples followed by Cr (46.7 µg/g), Cu (38.6) µg 

/g), Ni (25.8 µg/g) and Zn (18.0 µg/g) cadmium was found only at a 

concentration of (3.3 µg/g) of soil.  

Some agricultural lands located near the black sea coast, 

Southeastern Bulgaria, have been contaminated with radioactive elements 

(uranium, radium and thorium) and toxic heavy metals (copper, cadmium 

and lead) as a result of mining and mineral processing or polymettalic 

ores. These lands revealed that an efficient remediation of the soils was 

achieved by an in situ treatment method based on the activity of the 

indigenous soil microflora (Groudeva et al., 2001). 

Copper (Cu
2+

) originates from electric power plants, metals 

smelting plants, agrochemicals (pesticides) and sewage sludge (Bibi and 

Hussain, 2005). 

Cobalt is a naturally occurring element found in rocks, soil, water, 

plants, and animals and has diverse industrial importance. It is cycled in 

surface environments through many natural processes (e.g. volcanic 

eruptions, weathering) and can be introduced through numerous 

anthropogenic activities (e.g. burning of coal or oil, or the production of 

cobalt alloys) ( Gál et al., 2008). Ashfaq et al. (2009) found that cobalt 

accumulated in silkworm (Bombyx mori L.) in relation to mulberry, soil 

and wastewater metal concentrations. 
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Sewage sludge from industrial areas often contains significant 

quantities of heavy metals such as Cu, Ni, Cd, Zn and Cr, which are 

chelated by the organic matter in the sludge. Repeated application of 

sewage sludge to soil may therefore increase the concentration of heavy 

metals, which persist for extremely long periods of time (Brookes, 1995). 

1.2. Water contamination 

The waste water emanating from distilleries contains metals which 

could be toxic both to flora and fauna (Srivastava et al., 2000). However 

metal contaminated ground water (from car battery recycling plant) 

contains Pb, Cd, Zn and Cu under prevailing acidic and aerobic 

conditions (Saunders et al., 2001). High concentration of heavy metals 

has been reported in water of Vasai Creek, Maharastra and surface as well 

as groundwater of Dolhi (Lokhande and Keller, 1998 and Dixit et al., 

2003).  

Metal contamination in aquatic environments has received intensive 

concern due to its toxicity, abundance and persistence in the environment 

and subsequent accumulation in aquatic habitats. The main sources of 

these pollutants are industrials mining, domestic and agricultural 

wastewaters (Barlas et al., 2005). The presence of contaminating heavy 

metals in aqueous streams, arising from the discharge of untreated metal 

containing effluent into water bodies, is one of the most important 

environmental issues (Hawari and Mulligan, 2006 and Ghaedi, 2006). 

It is well recognized that their existence in aquatic ecosystem poses 

human health risks and causes harmful effect to living organisms 

(Xuejiang et al., 2006, Gil et al., 2007 and Rekha et al., 2007). 

Cadmium has been recognized as one of the potent aquatic 

pollutants and most common contaminate of industrial effluents 

(Sprague, 1987). In the oil deposit, Northeastern Bulgaria, water is 

contaminated with crude oil and toxic heavy metal (Cd, Cu, Pb, Mn and 
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Fe). The concentration of heavy metals exceeded by two to eight times 

the relevant permissible levels for waters intended for use in agriculture 

and/ or industry (Groudeva et al., 2001).
 

Cr(VI) and Al(III) are 

environmental pollutants that are frequently encountered together in 

industrial wastewaters, e.g., from mining iron-steel, metal cleaning, 

plating, metal processing, automobile parts, and the manufacturing and 

dye industries (Ozdemir and Baysal, 2004). Iron, cadmium, chromium, 

copper, cobalt, lead and zinc distribution in suspended particulate  matter 

of the Tropical Marabasco River and its Estuary, Colima, Mexico. had 

been determined (Shumilin et al., 2005). Cobalt containing compounds 

are widely used in many industrial applications such as mining, 

metallurgical, electroplating, paints, pigments and electronics (Manohar 

et al., 2006). Cobalt is also present in the wastewater of nuclear power 

plants. The permissible limits of cobalt in the irrigation water and 

livestock wastewater are 0.05 and 1.0mg/L, respectively (Rengaraj and 

Moon, 2002). 

1.3. Air contamination 

 Gold trades shops, where amalgam is ultimately burnt to remove its 

residual Hg are representative of such risk environment especially air 

(Malm et al., 1998). Indoor atmospheric exposure is considered, after fish 

consumption, the second highest source of Hg to the general population 

(Capri and Chen, 2001). Other major sources of arsenic- mercury 

pollution are the burning of coal and industrial metal smelting (Petanen 

and Romantschuk, 2002). Basto et al. (2004) evaluated,
 
the indoor 

atmospheric Hg contamination in gold trade shops in two Brazilian cities 

of the Legal Amazon area using the Spanish moss (Tillandsia usneoides, 

Bromeliaceae) as a sentinel species. 
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1.4. Sediment contamination  

Negative effects of the environmental pollution of heavy metals on 

human health continue to be acute public concerns. As important sinks 

and sources for various heavy metals, sediments constitute a reservoir of 

bio-available trace metal elements and also play a significant role in the 

remobilization of contaminants in aquatic systems under favorable 

conditions, in interactions between water and sediment and in geo–

chemical cycles, The direct transfer of heavy metals from sediments to 

organisms is now considered to be a major route of exposure for many 

species (Zoumis et al., 2001). Heavy metals contamination in plants, 

sediments, and air precipitation of Katonga, Simiyu, and Nyando 

Wetlands of Lake Victoria Basin, East Africa has been recorded 

(Nyangababo et al., 2005). 

1.5. Fish and plant contamination  

Trace metals in Wyoming fish (Dailey et al., 2005).  Heavy metals 

in the edible muscle of shrimp from coastal lagoons located in Northwest 

Mexico had been detected (Frias-Espericueta et al., 2005). Heavy metals 

in barnacles (Rainbow and Smith, 1992), bivalves (Fang et al., 2003), 

Shrimps (Ong Che and Cheung, 1998), fishes (Zhou et al., 1998) and 

plants (Ong Che, 1999) of the Mai Po inner Deep Bay areas were 

reported previously also. 

Cadmium, chromium, Cobalt and Copper were accumulated in 

different types of Chinese tea (Han et al., 2005). Also Cadmium, iron and 

copper accumulated in Indian herbal teas (Naithani and Kakkar, 2005).  

Iron and copper accumulated in potato and corn chip from Turkey (Narin 

et al., 2005). 
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2- Health impacts of heavy metals 

Heavy-metal pollution represents an important environmental 

problem due to the toxic effect of the metals and their accumulation 

throughout the food chain leading to serious ecological and health 

problems (Malik, 2004). At least 20 metals are classified as toxic and half 

of these are emitted into the environment in quantities that pose risks to 

human health (Kortenkamp et al., 1996). Metals including lead, 

chromium, arsenic, cadmium, copper and   mercury can cause significant 

damage to the environment and human as result of   their motilities and 

solubilities (Mulligan et al., 2001). Toxic metals can alter many 

physiological processes and biochemical parameters either in blood or in 

tissues including structural deformation in aquatic animals (Barlas, 1999a 

and b, Al-Yousuf et al., 2000, Canli et al., 2001 and Cengiz and Unlu, 

2002). Heavy metals have a significant toxicity for humans, animals, 

microorganisms and plants (Fotakis and Timbrell, 2006).  

2.1. Aluminum toxicity   

There have been several studies that indicate a relationship between 

Alzheimer's disease frequency and aluminum in drinking water (Martyn 

et al., 1989, Neri and Hewitt, 1991 and Jacqmin-Gadda et al., 1996).  

Most evidence from epidemiological studies indicating an association 

between increased aluminum exposure and the development of 

Alzheimer's disease has been provided by Martyn et al. (1989). They 

reported a significant increase in the risk (up to 50%) for Alzheimer's 

disease in districts where the mean water aluminum concentration was 

greater than 111 μg/L as compared to regions where it was less than 10 

μg/L. Supportive data for these findings have also been published by 

others (Neri and Hewitt, 1991 and Jacqmin-Gadda et al., 1996).  

Epidemiological studies performed in several countries have 

reported the presence of an association between Al in drinking water and 
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neurodegenerative disorders such as cognitive deficits and Alzheimer's 

Disease (AD) (Martyn et al., 1989 and Jacqmin- Gadda et al., 1996). 

Chronic aluminum (Al) neurotoxicity is well known from the fact that 

dialysis dementia occurs in adults and children with renal insufficiency 

who are treated with an Al contaminated dialysate solution or oral 

phosphate-binding agents that contain Al (Alfrey et al., 1976 and 

American Academy of Pediatrics Committee on Nutrition, 1986). 

There is no doubt that aluminium may cause neurotoxic effects. In 

dialysis patients the element's role in the development of the so-called 

'aluminium-related dialysis dementia is now well recognized. The role of 

the element in the aetiopathogenesis of Alzheimer's disease (D'Haese and 

and De Broe, 2001). Aluminum (Al) is a highly neurotoxic element that 

may be involved in neuronal degeneration in human and experimental 

animal brains (Yumoto et al., 2001).  

Human exposure is mainly dietary, less than 5 percent of oral intake 

is due to drinking water. Antiperspirants can also be a non-negligible 

source of aluminium absorption. Most exposed populations remain 

patients on dialysis, long-term antacid consumers and workers in the 

aluminium industry. Toxic effects of aluminium chronic exposure are 

mainly neurological effects (encephalopathy, cognitive and motors 

disorders), bone disease (vitamin D resistant osteomalacia), and blood 

effects (microcytic anaemia). Aluminium also causes immune and allergic 

reactions. Other suspected effects are not confirmed, in particular 

Alzheimer’s disease (Gourier-Fréry and Fréry, 2004). Nanomolar 

aluminum induces pro-inflammatory and pro-apoptotic gene expression in 

human brain cells in primary culture (Lukiw et al., 2005). 

This highly reactive element, known to cross-link hyper -

phosphorylated proteins, may play an active role in the pathogenesis of 

critical neuropathologic lesions in Alzheimer’s disease (AD) and other 
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related disorders (Perl and Moalem, 2006). Aqueous aluminium affected 

the immune system of the freshwater crayfish Pacifasticus leniusculus 

(Ward et al., 2006). Aluminum citrate had toxic effect on human 

neuroblastoma SH-SY5Y cells (Nagasawa et al., 2006). Aluminum (Al)-

induced neurotoxicity is well known and different salts of aluminum have 

been reported to accelerate oxidative damage to biomolecules (Gonzalez-

Munoz et al., 2008). 

2.2. Cobalt toxicity 

Cobalt is an important element, not only for industry but also for 

biological systems. It is present in vitamin B12, which is involved in the 

production of red blood cells and the prevention of pernicious anemia 

(Klaassen, 1986). Insufficient natural levels of cobalt in feed causes co-

deficiency diseases characterized by anemia, loss of weight, or retarded 

growth. However, in larger amounts it is toxic and has been reported to 

produce pulmonary disorders, dermatitis, nausea, vomiting, diarrhea, 

blood pressure, slowed respiration, giddiness cardiomyopathy and 

hyperglycemia (Venugopal and Luckey, 1979). Chronic oral 

administration of Co for treatment of anemia may result in the production 

of goiter, epidemiological studies suggests that the incidence of goiter is 

higher in regions containing increased levels of Co in the water and soil 

(Klaassen, 1986). Cobalt is mainly absorbed from the pulmonary and the 

gastrointestinal tracts. Absorption through the skin can occur but is low. 

Concomitant exposure to tungsten carbide increases the pulmonary 

absorption rate of cobalt metal. Cobalt is not a cumulative toxin and is 

mainly excreted in urine and to a lesser extent via faeces. 

 Cobalt in blood and urine mainly reflects recent exposure. In the 

past, outbreaks of cardiomyopathy occurred among heavy consumers of 

cobalt fortified beer. It is likely that poor nutrition and ethanol had played 

a synergistic role. Toxic manifestations, however, have mainly been 
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reported following inhalation of cobalt containing dusts in industry. The 

two main target organs are the skin and the respiratory tract. Cobalt itself 

may cause allergic dermatitis, rhinitis and asthma. Specific IgE against a 

complex of cobalt with albumin can sometimes be shown and a bronchial 

provocation test with a cobalt salt may be positive. Inhalation of cobalt 

containing dust has also lead to pathologic reactions in the lung 

parenchyma. The lesions, called ‘hard metal disease’, have ranged from 

intense alveolitis resembling desquamative or giant-cell interstitial 

pneumonitis to end-stage pulmonary fibrosis. Epidemiological and 

experimental data suggest that parenchymal lesions are rarely if ever 

induced by pure cobalt dust alone, but require the concomitant exposure 

to other compounds such as tungsten carbide. At the present time, there is 

inadequate evidence to indicate whether cobalt alone can increase the risk 

of lung cancer in workers. Concomitant exposure to cobalt and other 

substances such as in hard metal industry might increase the risk of lung 

cancer (Lauwerys and Lison, 1994). 

Exposure to cobalt can give rise to adverse health effects related to 

various organs or tissues, such as the respiratory organs, the skin, the 

hematopoietic tissues, the myocardium, the thyroid gland, as well as 

teratogenic and carcinogenic effects. Therefore It has been recognised for 

many years that there is an excess risk of pneumoconiosis when exposure 

to cobalt containing dust exceeds 100 μg/m
3
. Recently considerably lower 

concentrations occurring in the cobalt diamond industry have given rise to 

such effects. Irritation of mucous membranes may occur at 5–10 μg/m
3
 

(Nordberg, 1994). Cobalt is found mainly in the Co
2+

 form, Co
3+

 is only 

stable in complex compounds. Co
2+

is of medium toxicity but cobalt dust 

may cause lung diseases (Nemery et al., 1994). Cobalt occurs mainly in 

the co-factor B12 which mostly catalyses C-C, C-O and C-N 

rearrangements, in addition a new class of cobalt-containing enzymes, 

nitrile hydratases, have been recently described (Kobayashi and 
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Shimizu, 1998). The acute cobalt poisoning in humans may cause serious 

health effects e.g. asthma like allergy, damage to the heart, causing heart 

failure, damage to the thyroid and liver. Cobalt may cause mutations 

(genetic changes) in living cells. Exposure to ionizing radiation is 

associated with an increased risk of developing cancer (Rengaraj and 

Moon, 2002). 

Co (II) ions are genotoxic in vitro and in vivo, and carcinogenic in 

rodents. Hard metal dust, of which occupational exposure is linked to an 

increased lung cancer risk, is proven to be genotoxic in vitro and in vivo. 

Possibly, production of active oxygen species and/or DNA repair 

inhibition are mechanisms involved. Given the recently provided proof 

for in vitro and in vivo genotoxic potential of hard metal dust, the 

mechanistic evidence of elevated production of active oxygen species and 

the epidemiological data on increased cancer risk (De Boeck  et al.,2003). 

In higher concentrations, Co is toxic to humans and to terrestrial 

and aquatic animals and plants (Nagpal, 2004). Cobalt doses have been 

shown to affect the growth and metabolism of plants, to different degrees, 

depending on the concentration and status of Co in rhizosphere and soil 

(Palit et al., 1994). 

2.3. Copper toxicity  

Any processing or container involving copper material may 

contaminate the products such as food, water or drink. Copper is essential 

to human life and health but, like all heavy metals is potentially toxic as 

well. For example, continued inhalation of copper –containing spray is 

linked with an increase in lung cancer among exposed workers (Yu et al., 

2000). 

Dangerous concentrations of toxic metals in grains and vegetables 

grown in contaminated soil are almost alarming due to harmful effect of 

metals on human health. It is well known that heavy metals can be 
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extremely toxic as they damage, nerve, liver and bones and also block 

functional groups of vital enzyme (Ewan and Pamphlett, 1996).  

Not only pollution with heavy metals affects the human health 

but also other forms of life.  

The phytotoxic effects of copper include deterioration of 

photosynthetic efficiency that ultimately reduces crop productivity 

(Moustakas et al., 1994). Copper induced toxic effects in plants include 

retardation of growth, disintegration of membrane integrity, increased 

potassium efflux, lipid peroxidation, chlorophyll breakdown, denaturing 

and fragmentation of structural and function proteins (Fang and Kao, 

2000 and Prasad et al., 2001).   

Excessive copper can lead to alterations in the intercellular protein 

machinery either directly via denaturation of enzymes and or indirectly 

via generation of reactive oxygen species (ROS) (Pourahmad and 

O’Brien, 2000 and Droge, 2002). High concentrations of Copper and 

lead had bad effect on the photosynthesis and plant pigments in black 

Gram [Vigna mungo (L.) Hepper] (Bibi and Hussain, 2005).Thus 

although Cu is an essential trace element, it has been found to be toxic for 

trout (Manzl et al., 2003) when surpassing physiological levels.  

Manzl et al. (2004a) found that the exposure of copper induce 

reactive oxygen species (ROS) production in trout hepatocytes. Copper 

and its EDTA complex have toxic effect on the glutathione-dependent 

antioxidant system in freshwater fish (Carassius auratus) (Liu et al., 

2005). Cattle deaths due to suspected copper poisoning have been 

reported (Choongo et al., 2005).  
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3- Heavy metal uptake by microorganisms 

A vast array of biological materials, especially bacteria, algae, 

yeasts and fungi have received increasing attention for heavy metal 

removal and recovery due to their good performance, low cost and large 

available quantities. The biosorbent, unlike mono functional ion exchange 

resins, contains variety of functional sites including carboxyl, imidazole, 

sulphydryl, amino, phosphate, sulfate, thioether, phenol, carbonyl, amide 

and hydroxyl moieties. Biosorbents are cheaper, more effective 

alternatives for the removal of metallic elements, especially heavy metals 

from aqueous solution (Wang and Chen, 2009). 

Bacteria were used as biosorbents because of their small size, their 

ubiquity, their ability to grow under controlled conditions, and their 

resilience to a wide range of environmental situations (Urrutia, 1997). 

Metal–tolerant bacteria in the activated sludge were capable of removing 

metals from broth. Biosorption of iron was carried out by Pseudomonas 

cepacia, other Pseudomonas sp., Flavobacterium sp. and Enterobacter 

aerogenes. Copper, zinc, chromium and nickel were biosorbed by various 

Pseudomonas, Aeromonas and Zoogloea sp. (Kasan and Baecker, 

1989). 

Valentine et al. (2006) isolated a filamentous bacterium from a 

depth of 96.2 m (Bacillus simplex ZAN-044), and their strain showed a 

rapid, pH-dependent binding of Cd, Ni and Co. Such strains may be 

potential candidates for simultaneous removal of various metals from 

wastes. Biosorption of the heavy metals most frequently found in polluted 

environments by Pseudomonas aeruginosa and Bacillus thuringiensis. 

(Hassen et al., 1998)  investigated the effects of these metals on bacterial 

growth, quantity of dry cells, ammonium assimilation, pigment 

production and protein synthesis. Bioleaching process recently with a 

mixed culture of two thiobacilli, Thiobacillus thioparus and Thiobacillus 
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thiooxidans, has been developed for remediation of metal-contaminated 

sediments (Chen and Lin, 2004). 

A gram-postive, hexavalent chromium (chromate: Cr (VI))-tolerant 

bacterium, isolated from tannery waste from Pakistan, was identified by 

16s rRNA gene sequence homology as a Microbacterium sp. 

(Pattanapipitpaisal et al., 2001). Strains that are capable of 

bioaccumulating Cr (VI) were isolated from treated tannery effluent of a 

common effluent treatment plant. The Cr (VI) concentration in this 

treated effluent was 0.96 mg/L, much above the statutory limit of 0.1 

mg/L for discharge of industrial effluent into inland surface waters in 

India (Srinath et al., 2002). Biosorption of each the ions Cr
6+

, Pb
2+

, and 

Cu
2+

 on Bacillus sp. in a batch stirred system was investigated and 

optimum conditions were determined (Nourbakhsh et al., 2002). Goyal 

et al. (2003) described the process of competitive biosorption of Cr
6+

 and 

Fe
3+ 

ions on Streptococcus equisimilis, Saccharomyces cerevisiae and 

Aspergillus niger and compared to single metal ion adsorption in solution, 

the ability of these three organisms to adsorb metal ions Cr
6+

 and Fe
3+

 

depend on of metal concentration, pH and temperature. 

The bioaccumulation of Cu (ІІ) and Cd (ІІ) ions by Rhizopus 

arrhizus and Aspergillus niger was studied as a function of initial pH and 

initial metal ion concentration. Optimum pH values for maximum Cu (ІІ) 

and Cd (ІІ) accumulation were determined, respectively, as 4.5 and 3.5 

for R. arrhizus and 5.0 and 3.0 for A. niger (Dursun et al., 2003).    

Acidophilic microorganisms such as Acidiobacillus Ferrooxidans have 

the capacity to carry out process of bioleaching, biosorption and 

biopreciptation of heavy metal ions, which have important environment 

application. The kinetic study of ferrous sulphate oxidation by A. 

ferrooxidans in presence of different concentrations of several heavy 

metal ions Cr (III), Cu (II), Cd (II), Zn (II) and Ni (II) and compare this 
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kinetic behaviour with a mixed culture with Acidiphilium sp. (Cabrera et 

al., 2005).  

   Chen and Lin (2004) studied the bioleaching of heavy metals 

from contaminated sediment by indigenous sulfur-oxidizing bacteria in an 

air-lift bioreactor and examined the effects of sulfur concentration on the 

performance of bioleaching process. Also, Ozdemir and Baysal (2004) 

reported the effects of pH, metal concentration and contact time on the 

Biosorption of aluminum and chromium by Chryseomonas luteola 

TEM05. Moreover, Tuzen and Soylak (2008) studied Pseudomonas 

aeruginosa loaded on Chromosorb 106 as biosorbent for the separation–

preconcentration of aluminum at trace levels. A gram-negative chromate 

reducing bacteria (UTDM314) was isolated from the contaminated sites 

of chemical industeries, which is identified as providencia sp. by 

biochemical methods and 16SrRNA analysis (Thacker et al., 2006).  

Cabrera et al. (2006) recorded the toxic effect of dissolved heavy metals 

[Cr (III), Cu (II), Mn (II), Ni (II), and Zn (II)] on two cultures of SRB 

(Desulfovibrio vulgaris and Desulfovibrio sp.). 

  The use of microorganisms for the extraction of contaminants like 

solved metals from drainage or surface waters was investigated using 

strains adapted to a polluted environment at a former mining site near 

Kauern, Eastern Thuringia, Germany (Haferburg et al., 2007). A total of 

108 strains of bacteria were isolated from root nodules of wild legumes 

growing in gold mine tailings in northwest of China and were tested for 

heavy metal resistance. The results showed that the bacteria strain 

CCNWRS33-2 isolated from root nodule of lespedeza cuneata was highly 

mean specific growth rate under each heavy metal stress test and 

exhibited a high degree of bioaccumulation ability (Wei et al., 2009). 
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The role of microorganisms in uptaking or tolerating cu
2+ 

had been 

studied by a number of researchers. Sorption of nickel, cadmium and 

copper cultured biomass from a naturally occurring bloom of Microcystis 

aeruginosa was demonstrated in two systems: cells suspended in culture 

medium and cells immobilized in alginate (Parker et al., 1998). Several 

bacterial strains also show Cu/Cr uptake, although their growth effected 

under metal stress. Cu-resistant Pseudomomas  putida strain S4 isolated 

from smelter drainage of copper mines could not only accumulate metals 

from metal-supplemented growth medium but also removed Cu and Zn 

from mine effluents, low-grade ore and ore tailings (Saxena et al., 2001 

and Choudhury and Srivastava, 2002). Saxena et al. (2001) reported 

that Cu-resistant Pseudomonas putida isolated from smelter drainage of 

copper mines could not only accumulate metal-supplemented growth 

medium but also removed Cu and Zn from mine effluents, low grade ore. 

Antunes et al. (2003) investigated the removal of copper ions from 

aqueous solutions by Sargassum sp. which conducted in batch conditions. 

The influence of different experimental parameters such as initial pH, 

shacking rate, sorption time, temperature, equilibrium conditions and 

initial concentrations of copper ions on copper uptake was evaluated. 

  On the other hand Bacillus circulans strain EBI, a heavy-metal-

resistant bacterium, has been reported to remove manganese, zinc, copper, 

nickel and cobalt during its active growth cycle (Yilmaz, 2003). The 

effect of cupper and zinc ions on sulphur oxidation by Acidithiobacillus 

thiooxidans, strain SFR01, isolated from anaerobic sewage sludge was 

assessed, resulting in tolerance levels up to 20 and 200 mmol/L for cupper 

and zinc, respectively (Barreira et al., 2005). Copper and nickel 

adsorption onto calcium alginate, sodium alginate with an extracellular 

polysaccharide (EPS) produced by the activated sludge bacterium 



 37 

chyseomonus Luteola TEM05 and the immobilized C. luteola TEM05 

from the aqueous solutions were studied (Ozdemir et al., 2005). 

Chen et al. (2005) proved that Pseudomonos putida CZI having 

high tolerance to copper and zinc on the removal of toxic metals aqueous 

solution the biosorption of Cu (ІІ) and Zn (ІІ) by living and nonliving P. 

putida CZI were as function of reaction time, initial pH of the solution 

and metal concentration. The bacterium grown in broth culture produced 

a large amount of capsular exopolymers (EPS) mainly consisting of 

polysaccharides. EPS produced by Pseudomonas sp. plays an important 

role in preventing metal ions in the surrounding environment from contact 

with the bacterial cells and adsorption of metal (Cu
2+

) by EPS can be 

takes place (Lau et al., 2005).  

Bacillus cereus was found to tolerate very high concentration of 

heavy metals both in nutrient broth and nutrient agar medium as well as in 

acetate–minimal medium.  Bacillus cereus not only can accumulate but 

can also reduce a large amounts of toxic Cr (VI) into Cr (III) that occurred 

in industrial effluents. Heavy metal (Ni, Mn, Zn, Cu and Co) at low 

concentration did not affect the reduction capability of Bacillus cereus 

(Faisal and Hasnain, 2006). The surface chemical functional groups of 

Bacillus cereus biomass mainly contained carboxyl, hydroxyl, phosphate, 

amine and amide functional groups. Three distinct types of surface 

organic functional groups, stimulated adsorption behaviour of Cu (II) and 

Pb (II) ions onto the biomass (Jianhua et al., 2007). Out of 34 bacterial 

strains isolated from agricultural irrigation with waste water, dominant 

genera were Bacillus, Micrococcus and Listeria. These isolates were have 

the ability to grow at high concentration of Zn
2+

 and Ni
2+

, while 18 

bacterial isolates were able to grow at low concentration of Cu
2+

 (Faryal 

et al., 2007).  
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Siderophores are small molecular weight extracellular organic 

compounds secreted by microorganisms under iron- strarved condition, 

used by them to chelate and solubilize iron. Though they are specific 

ferric iron chelator, but is reported that they bind other metals also, such 

as divalent heavy metals. Characterization of siderophore produced by 

Pseudomonas azotoformans has revealed that it is of mixed type 

catecholate and hydroxamate. Siderophore was found to complex with 

heavy metals like cadmium, lead, nickel, arsenic (III, V), aluminum, 

magnesium, zinc, copper, cobalt, strontium other than iron. Encouraging 

results of arsenic removal by biomolecule-siderophore, can lead to an 

emerging tool brimming with opportunities for environmental clean up 

(Nair et al., 2007). 

Chen et al. (2009) presented a study to determine the abilities of the 

living and nonliving Pseudomonus putidia CZ1 cells, clay (goethite, 

kaolinite, sectite and manganite) and their composites to accumulate 

copper and zinc from a liquid medium, and elucidate the role of microbes 

on the mobility of heavy metals. Various mixtures of bacteria and clays 

were exposed to solutions of 0.025 mM or 0.5 mM Cu (II) and Zn (II).  

Oh et al. (2009) investigated Biosorption of Pb (II), Cd (II) and Cu (II) by 

lyophilized cells of Pseudomonas stutzeri. Ozdemir et al. (2009) studied 

Biosorption of Cd, Cu, Ni, Mn and Zn from aqueous solutions by 

thermophilic bacteria, Geobacillus toebii sub.sp. decanicus and 

Geobacillus thermoleovorans sub.sp. stromboliensis. Metal removal from 

water contaminated by heavy metals emanating from small-scale mining 

operations using clinoptilolite and bacteria. Removal of As, Ni, Mn, Au, 

Co, Cu and Fe was carried out on mine water samples using original and 

HCl-activated (in 0.02 M and 0.04 M) natural clinoptilolite and bacterial 

strains (a mixed consortia of Bacillus strains (Bacillus subtilis, Bacillus 
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cereus, Bacillus firmus, Bacillus fusiformis, Bacillus macroides and 

Bacillus licheniformis), Pseudomonas spp., Shewanella spp. and a mixed 

consortia of Acidithiobcillus caldus, Leptospirillum spp., Ferroplasma 

spp. and Sulphobacillus spp.( Mamba et al., 2009).  

Chatterjee et al. (2010) studied the biosorption of heavy metals 

(Fe
3+

, Cr
3+

, Co
2+

, Cu
2+

, Zn
2+

, Cd
2+

, Ag
+
 and Pb

2+
) from industrial waste 

water by Geobacillus thermodenitrificans. Twelve isolates were isolated 

from wastewater that collected from El-Malah canal in Assiut, Egypt and 

investigated for heavy metal resistance by which one of them showed 

multiple metal resistances. Furthermore, the bacterium was identified as 

E. coli ASU3 according to biochemical tests and then, preserved at Assuit 

University Mycological Centre with accession number AUMC B83. It 

exhibited high minimal inhibitory concentrations for metals and antibiotic 

resistance. The order of metals toxicity to the bacterium was Cr
6+ 

> Cu
2+ 

> 

Co
2+ 

> Pb
2+ 

> Ni
2+ 

> Cr
3+ 

> Cd
2+ 

> Zn
2+

 (Abskharon et al., 2010). 

   Izquierdo et al. (2010) investigated the biosorption of copper 

from aqueous solutions by Posidonia oceanica in batch and fixed-bed 

experiments. Seven bacteria resistant to high concentration of Cu (II) 

were isolated from enrichment cultures of vineyard soils and mining 

wastes. Culture parameters influencing copper bioreduction and 

biosorption by one monoculture isolate were studied. The isolate was 

identified by 16S rRNA gene sequence analysis as a Pseudomonas sp. 

NA (98% similarity to Pseudomonas putida, Pseudomonas 

plecoglossicida and other Pseudomonas sp.) (Andreazza et al., 2010). 

Not only bacterial cells were able to uptaking cu
2+

 but also yeast 

and fungi.  

Viable cells of Saccharmyces cerevisiae were even able to remove 

metals (Cu, Cr, Cd, Ni and Zn) from electroplating effluents, and their 
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performance was further enhanced by glucose pre-treatment of cells (Stoll 

and Duncan, 1996). Another Cu-resistant strain (S. cerevisiae SN41) was 

found to successfully remove Cu from wine during fermentation 

(Brandolini et al., 2002). Dead cell of S. cerevisiae 54 were immobilized 

by entrapment in polyacrylonitrile. The beads obtained were used to 

adsorb copper in an up-flow fixed-bed column. The effect of polymer 

content and cell loading were studied to optimize the porosity and the 

efficiency in copper removal of the biosorption beads in batch system 

(Godjevargova et al., 2004).   

A strain of Trichoderma atroviride, isolated from sewage sludge 

was found to be capable of surviving at high concentration of heavy metal 

ions copper, zinc and cadmium (López Errasquín and Vazquez, 2003). 

Singh et al. (2010) investigated metals ions (pb
2+

, Cd
2+

 and Cu
2+

) 

removal efficiency of the enveloping Trichoderma viride as a cost 

effective biosorbent using response surface methodology. Tsekova et al. 

(2010) studied the biosorption of copper (II) and cadmium (II) from 

aqueous solutions by free and immobilized biomass of Aspergillus niger. 
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4- Mechanism of heavy metal resistance by microorganisms                     

Microorganisms have Co-existed with wide range of divalent or 

transition metals at the active centers of many enzymes. These metals are 

therefore required in minute amounts for normal cell metabolism; many 

other metals seem to serve no biologically relevant function, from a 

physiological point of view, metals fall into three main categories:  

a) Essential, but harmful at high concentrations (typically, Fe, Mn, 

Zn, Cu, Co, Ni and Mo) and  

b) Essential and basically non- toxic (e.g. Ca & Mg).  

c) Toxic (e.g. Hg or Cd). 

The mechanisms associated with metal removal by microorganisms 

are rather complex compared with those associated with chemical 

absorbents and can be divided into three categories: (1) biosorption of 

metal ions on the cell surface, (2) intracellular uptake of metal ions, and 

(3) chemical transformation of metal ions by microorganisms (Pardo et 

al., 2003). Non-living biomass is involved in removal mechanisms of 

metal ions through adsorption and ion exchange (Volesky, 1990). At 

higher concentrations metals need more time to diffuse into the biomass 

surface by intra-particular diffusion and greatly hydrolyzed ions will 

diffuse at a slower rate (Gabr et al., 2008). 
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Several prokaryotes show specific resistance determinants, 

tolerating a wide range in concentration of these elements by a variety of 

mechanisms. Firstly: by means of oxidative and reductive reaction 

catalyzed by enzymes, microorganisms can convert inorganic compounds 

into mixtures of compounds that are in equilibrium with respect to the 

formal oxidation states of the elements in question (Wood, 1974).  

Secondly: Specific metabolic pathways resulting in bioprecipitation of 

heavy metals or their biotransformation to less toxic or easily recoverable 

forms have been described (Diels et al., 1993). 

Heavy metal ions can be entrapped in the cellular structure and 

subsequently biosorbed onto the binding sites present in the cellular 

structure. This method of uptake is independent of biological metabolic 

Cycles is known as "biosorption" or "passive uptake" the heavy metal can 

also pass into the cell across the cell membrane through the cell metabolic 

cycle. This mode of metal uptake is referred to as "active uptake". The 

metal uptake by both active and passive mode can be termed 

"bioaccumulation" (Garnham et al., 1992 and Donmez and Aksu, 

1999). 

To have a toxic effect, however, heavy metal ions must first enter 

the cell, because some heavy metals are necessary for enzymatic 

functions and bacterial growth, uptake mechanisms exist that allow for 

the entrance of metal ions into the cell, there are two general uptake 

mechanisms, one is quick and unspecific, driven by a chemiosmotic 

gradient across the cell membrane and thus requiring no ATP and the 

other is slower and more substrate-specific, driven by energy from ATP 

hydrolysis to tolerate high concentration of heavy metals (Spain and 

Alm, 2003). 
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So to survive under metal stressed conditions, bacteria have evolved 

several types of mechanisms to tolerate the uptake of heavy metals ions. 

The increasing of heavy metals concentrations in microbial habitats due 

to natural and industrial processes, microbes have evolved several 

mechanisms to tolerate the presence of heavy metals (by efflux, 

complexation or reduction of metal ions) or to use them as terminal 

electron acceptors in anaerobic respiration. Most mechanisms studied 

involve the efflux of metal ions outside the cells and genes for this 

general type of mechanisms have been found on both chromosomes and 

plasmids. The intake and subsequent efflux of heavy metal ions by 

microbes usually includes a redox reaction involving the metal (that some 

bacteria can even use for energy and growth), bacteria that are resistant to 

and grow on heavy metal also play an important role in the 

biogeochemical cycling of those metal ions this is an important 

implication of microbial heavy metal tolerance because the oxidation state 

of heavy metal relates to the solubility, and toxicity of the metal itself. 

Also since the oxidation state of a metal ion may determine its solubility 

many scientists have been trying to use microbes that are able to oxidize 

ore reduced heavy metals in order to remediate metal contaminated sites 

(Nies and Silver, 1995 and Spain and Alm, 2003). 

The mechanism of resistance to metal takes two forms either 

accumulation in the form of particular protein- metal association (Ow, 

1993 and Rohit and Sheela, 1994). Or blockage at the level of the cell 

wall and the systems of membrane transportation (Tomioka et al., 1994 

and Wehrheim and Wettern, 1994). Hoyle and Beveridge (1983) 

reported that the peptidoglycan (PG) layer of E. coli which is most 

probably one molecule thick, bind metal ions via the carboxyl group of 
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the D-glutamic acid of the peptide stem and the hydroxyl groups of the 

glycan backbone.  

The Surface display of the introduced polyhistiding tail and/or 

metallothionein led to a significant increase in the accumulation of 

divalent heavy metal ions. The lamb B protein was also used to search for 

repeating peptides responsible for a specific adhesion of E. coli to gold, 

chromium or iron oxide (Brown, 1992 and 1997). Metal binding 

properties of E. coli strains displaying short peptides as a fusion to lamb 

B protein were examined.  A protein known as the histidine rich – 

Glycoprotien (HRG) binds heme and various divalent heavy metal ions 

with the following apparent order of affinity: Cu
2+

 < Hg
2+< Zn

2+< Ni
2+< 

Cd
2+< Co

2+
  (Nriagu and Pacyna, 1989 and Kotrba et al., 1999). 

The biosorption mechanism of heavy metals show that the metal 

ions are deposited by adsorption to the functional groups present on the 

cell wall, dead as well as living cells are used in the removal of metal ions 

(Panchanodikar and Das, 1993). The engineering of metal binding 

peptides on the surface of environmentally acceptable gram negative 

bacteria such as Pseudomonas putida which are already employed in 

existing systems for heavy metal bioremediation (Diels et al., 1993). 

Metal ion uptake in yeasts is known to involve initial rapid biosorption of 

metal ions to negatively charged site on the cell wall followed by slower 

energy dependent entry into the cells. Both the outer mannan –protein 

layer of the yeast cell wall as well as the inner glucan- chitin layer play 

important role in heavy metal accumulation (Avery and Tobin, 1993 and 

Brady et al., 1994). Yazgan and Ozcengiz (1994) found that a 

biosorption of metals by insoluble cellular material as the main 

mechanism of metal accumulation in Kluyveromyces marxianus and S. 
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cerevisiae. Zaeid (1998) concluded that, the removal and recovery of 

heavy metals from industrial effluents by genetically engineered 

microorganisms have several advantages related to their greater absorbing 

ability, rapidly in their metal accumulation and they are in expensive. The 

first studies in the genetic engineering of biosorbents involved the cloning 

of eukaryotic metallothionein (MTs) for their intracellular expression in 

bacteri; MTs are a family of low molecular mass proteins able to 

coordinate a variety of heavy metal ions (Valls and De Lorenzo, 2002). 

In addition to MT, other cellular thiols influencing the sensitivity to 

toxic metals include glutathione (GSH). Tripeptide glutathione is atypical 

low molecular weight cellular thiol and functions as a storage form of 

endogenous sulphur and nitrogen as well as detoxification of metal ions 

(GSH) in S. cerevisiae may account for 1% of cell dry weight (Gharieb 

and Gadd, 2004).  

Metal ions transported across the cell membrane, are transformed 

into other species or precipitated within the cell by active cells including 

transportation. After entering into the cell, the metal ions are 

compartmentalized into different subcellular organelles (e.g. 

mitochondria, vacuole, etc). That the cellular mechanisms for intracellular 

accumulation of heavy metals have two types. 

a) The formation of distinct inclusion bodies include three types of 

granules: type A, amorphous deposits of calcium phosphates, 

accumulating Zn; type B, mainly containing acid phosphates, 

accumulating Cd, Cu, Hg and Ag; type C excess iron stored in 

granules as haemosiderin.  

b) The latter mechanism mainly relates to a specific metal binding 

protein, metallothioneins MT, which has a low molecular weight 
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and is cysteine–rich, usually occurring in the animal kingdom, 

plants, eukaryotic microorganisms and some prokaryotes. MT can 

be induced by many substances, including heavy metal ions, such 

as Cd, Cu, Mg, Co, Zn, etc. (Vijver et al., 2004). 

Lengke and Southam (2006) observed that the precipitation of 

gold in the presence of active (live) sulphate reducing bacteria occurred 

by three possible mechanisms involving iron sulphide, localized reducing 

conditions (i.e. removal of gold from solutions caused by adsorption  and 

reduction processes on the iron sulphide surfaces and metabolism. The 

presence of gold nanoparticles within and immediately surrounding the 

bacterial cell envelope high lights the presence of localized reducing 

conditions produced by the bacterial electron transport chain via energy 

generating reactions within the cell.  

Biological production of hydrogen sulfide (H2S) using sulfate-

reducing bacteria (SRB) has important potential within environmental 

biotechnology. By using (SRB) for the treatments of acid mine drainage 

(AMD) there are 3 stages:  

The optimization of H2S production through the utilization of total 

volatile fatty acids (TVFAs) by (SRB), the establishment of biofilm 

reactor for sulfide production, and the precipitation of metal by using the 

biologically produced H2 S with the aim of preventing the harmful effects 

of toxic metals on the environment (Alvarez et al., 2007). 

4.1. Aluminum-resistance 

Torres et al. (1998) confirmed the role of polyphosphate bodies 

(PPB) in accumulation of Zn, Pb, Mn and Al in Plectonema boryanum.  

When the growth of Thiobacillus ferrooxidance is dependant on Fe (II), 
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this bacterium is highly resistant to Al, Cu, Co, Ni, Mn and Zn, although 

it remains quite sensitive to other metal ions (Hutchins et al., 1986). 

4.2. Cobalt -resistance 

Resistance to cobalt in Gram-negative bacteria is based on 

transenvelope efflux driven by a resistance, nodulation and cell division 

(RND) transporter. Cobalt resistance seems always to another heavy 

metal, either Ni or Zn (Nies et al., 1987).  

Metals Ni
2+

, Co
2+

, Zn
2+ 

and Mn
2+ 

are accumulated by the fast and 

unspecific CoA (Metal inorganic transport). Other heavy- metal cations 

may interact with physiological ions example Co
2+

 with Fe
2+

, thereby 

inhibiting the function of the respective physiological cation. There are 

only three possible mechanisms for a heavy metal resistance system, 

First, the accumulation of the respective ion can be diminished by efflux, 

an active extrusion of the heavy-metal ion from the cell, second, cations, 

especially "the sulphur lovers", can be segregated into complex 

compounds by thiol-containing molecules, third, some metal ions may be 

reduced to a less toxic oxidation state. Finally, for many metals, 

resistances involve a combination of two or three of the basic mechanisms 

mentioned (Nies, 1999). 

4.3. Copper-resistance 

The copper resistant bacteria, 49% had cop or cop- like gene 

systems, including both compartmentalization and efflux systems 

(Cooksey, 1993). In the plant pathogen Pseudomonas syringae, resistance 

to copper via accumulation and compartmentalization in the cell's 

periplasm and outer membrane is due to four proteins encoded on the 

plasmid – born cop operon (Cooksey, 1994). E. coli displaying the CP 

peptide (either as lamB–CP or LamB-HPCP) exhibited an accumulation 
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of both Cd
2+ 

and its counterpart in the equimolar mixture (Cu
2+

 or Zn
2+

) 

higher than that of the control cells (Huber et al., 1990).  

Fogel et al. (1988) demonstrated that the efficiencies of metal 

removal were due to metallothioneins (MT). They were so small cysteine-

rich polypeptides that could bind essential metals e.g. Cu and Zn as well 

as non-essential metals like Cd. Because histidine residues possess a 

higher affinity to Cu
2+ 

than to Cd
2+

 (Huber et al., 1990) and because the 

HP sequence by itself has been shown to be an effective ligands for both 

Cu
2+ 

and Zn
2+

 (Hutchens and Yip, 1992). The result obtained for copper 

could have been due to the reduction in heavy metal toxicity caused by 

complexation of the metal in the medium or its adsorption to bacterial 

cells and precipitation at the cell surface (Hassen et al., 1998). 

      Kotrba et al. (1999) also did not detect any contribution of HP 

display to the enhanced bioaccumulation of Ni
2+

 and Co
2+

. The presence 

of Cu
2+

in the medium resulted in the inhibition of Cd
2+

binding by cells 

displaying HP peptide, this finding confirms the strong binding of Cu
2+

 to 

the HP sequence in vivo. Cu- resistant strain (S. cerevisiae SN41) was 

found to successfully remove Cu from wine during fermentation 

(Brandolini et al., 2002). Also, copper is used by cells in small quantities 

in cellular enzymes e.g. cytochrome oxidase (Alm, 2003). 

In P. aeruginosa enhanced accumulation of Cu is linked to higher 

amount of EPS production. Presence of Cu ions in the growth medium 

caused stimulation of four- fold EPS production in Cu resistant (Cu
r
) 

strain while such response was not exhibited by the sensitive (Cu
s)
 strain. 

Cu
2+

 binding capacity of the EPS of Cu
r
 was also greater (320mg/g) than 

EPS of Cu
s 
(270mg/g) (kazy et al., 2002).   
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The studies with Bradyrhizobium japonicum showed that the 

lipololysaccharide (LPS) and not the EPS is responsible for metal (Cd, 

Cu, Pb, Zn) binding (Oh et al., 2002). LPS mutant (lacking О-

polysacharide part) bound 50-70% lower concentration of metals than 

wild strain, although its EPS composition was unaltered. Thus it appears 

that LPS molecules of B. japonicum have properties which affect 

precipitation of metal-rich mineral phases.  

 

5- Clay as natural cheap adsorbent 

        Clay plays an important role in removing heavy metals. Some 

naturally occurring clay minerals may serve as low cost effective sorbents 

for the removal of heavy metals (Vengris et al., 2001). Because it is one 

of lowest-cost natural products, it has shown potential for detoxification 

of metal bearing effluents over recent years (Bailey et al., 1999). 

Clay has been good adsorbent because of its existence in several 

types of active sites on the surface, which include Bronsted and Lewis 

acid sites. The edge hydroxyl groups have been particularly active for 

various types of interactions. Clays and modified clays have been found 

particularly useful for adsorption of heavy metals. Clays have received 

attention as scavengers of As, Cd, Cr, Co, Cu, Fe, Pb, Mn, Ni and Zn in 

their ionic forms aqueous medium. The adsorption capacities vary from 

metal to metal and also depend on the type of clay used. When a 

comparison is made with other low-cost adsorbents, the clays have been 

found to be either better or equivalent in adsorption capacity. 

Environmental factors like pH do have effects on the adsorption capacity 

as also the case with other adsorbents. The results also show how and 

why clays can be effectively used as a liner in water treatment plants 

(Bhattacharyya and Gupta, 2008). 
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 Clay is one of potential alternatives to activated carbon as well. 

Similar to zeolites, clay minerals are also important inorganic components 

in soil. Their sorption capabilities come from their high surface area and 

exchange capacities. The negative charge on the structure of clay minerals 

gives clay the capabilities to attract metal ions. The USA and the former 

Republics of Soviet Union such as Lithuania, Georgia, and Kazakhstan 

are well known for their large deposits of natural clay minerals (Babel 

and Kurnaiwan, 2003).  

Ahmad, (1999) announced that the metal retained by clay for 

Eu
3+

, Co
2+

 and Zn
2+ 

are 26.46, 24.88 and 27.26 ml mole metal/g clay 

respectively and the amount of metal uptake take the sequence Zn
2+

 >Eu
3+

 

>Co
2+

. The sorption of Zn
2+

 is abnormally found higher than that of both 

Eu
3+ 

and Co
2+. 

The reason for this is related to the presence of sulphur in 

clay, Zn
2+ 

ions are known to form high energy bonds with S donor groups. 

Also, he studied the release of metals from clay again and indicated that 

the release increases with increasing the clay weight to a maximum value 

7.5% which is little as compared to the percentage of uptake.    

The use of a sorbent produced by the chemical treatment of a 

locally available clay for the removal of some heavy metals from waste 

water has been investigated. The modification of the natural clay was 

performed by treatment with hydrochloric acid and subsequent 

neutralization of the resultant solution by sodium hydroxide (Vengris et 

al., 2001). The sorbent Kaolinite were used to clean up the galvanic 

wastewater containing ions Ni, Co, Zn and Cr with concentrations up to 

100mg/dm
3
 (Tarasevich and Klimova, 2001).     

Acidic treatment led to the decomposition of the montmorillonite 

structure. Sorption studies were carried out by both batch and column 

methods. The uptake capacity of the modified clay for nickel, copper and 

zinc did significantly increase. Batch and column sorption methods 



 51 

enabled the removal of nickel, copper and zinc ions till the permissible 

sewerage discharge concentration (Vengris et al., 2001).   

The natural bentonite clay collected from Ashapura Clay Mines, 

Gujarat State, India, was utilized as precursor to reduce aluminium-

pillared bentonite clay (Al-PILC) for the removal of cobalt (II) [Co (II)] 

ions from aqueous solution (Manohar et al., 2006). Potgieter et al. 

(2006) was investigated the possible use of playgorskite clay, mined in 

the dwaalbm area of the Northern Province of south Africa, as an 

adsorbent for the removal of metal ions such as lead, nickel, chromium 

and copper from aqueous solution. 

Three forms of the sarooj clay have been prepared and tested, 

namely, washed clay, chemically treated clay, and thermally + chemically 

treated clay. The clay was then used in adsorption tests to remove Zn, Cd, 

and Pb ions from water. Among the parameters studied are the adsorption 

isotherms, solution pH, adsorption contact time, and the pre-conditioning 

and treatment of the clay (Abu-Eishah, 2008).                                                   

Chen et al. (2009) presented a study to determine the abilities of the 

living and nonliving Pseudomonus putidia CZ1 cells, clay (goethite, 

kaolinite, sectite and manganite) and their composites to accumulate 

copper and zinc from a liquid medium, and elucidate the role of microbes 

on the mobility of heavy metals. Various mixtures of bacteria and clays 

were exposed to solutions of 0.025 mM or 0.5 mM Cu (II) and Zn (II).   

Anirudhan and Suchithra (2010) studied the heavy metals uptake from 

aqueous solutions and industrial wastewaters by humic acid-immobilized 

polymer/bentonite composite. 

                                                          

                                         

 

 

 



 52 

 

 

 

 

 

 

 

 



 53 

Materials and methods 

 

1. Materials 

1.1. Sampling sites  

     Ismailia Canal is a waterway between the Nile and the Sues 

Canal. The canal has its Intel from the Nile at Cairo and runs directly to 

east to the town of Ismailia passing the governorates of Cairo, 

Kalioubeya, sharkeya and Ismailia. Along the canal there are several 

sources of industrial pollution as well as agricultural run-offs in the 

eastern part. The sites of pollution at Abu Zabal factory (fertilizer 

factory), El Shaba factory (Aluminum sulfate factory) and Oil Pipes 

Company (petrochemical materials) are indicated in Figure (1). 

 

1.2. Collection of samples  

Six water and soil samples were collected from the three 

contaminated sites indicated in Figure (1). Water samples were collected 

in clean sterile screw cap bottles (250ml) at depth of 50cm. Clean sterile 

plastic bags were used for collecting soil samples from the banks of the 

canal. All samples were transported on ice immediately to laboratory. 

Microbiological enumeration and isolation were carried out in the same 

day of sampling.  
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Fig. (1): Sampling sites on the Ismailia Canal 
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1.3. Source of bacterial strains  

Two of bacterial strains were used in this study. The first one was   

isolated from industrial waste water as indicated in Table (1). The second 

one was standard strain of Bacillus cereus ATCC 11778 (American Type 

Culture Collection, U.S.A) provided by Dr.  Abo-State.    

     

1.4. Media 

1.4.1. Lauria-Bretni broth (LB) 

LB broth was prepared according to Martin et al. (1981). The LB 

broth was composed of the following ingredient (g/L) 

 components Weight (g/L) 

Tryptone 10.0 

Yeast Extract 5.0 

NaCl 5.0 

Distilled water 1000 ml 

pH  7.0±0.1 

 

1.4.2. Lauria-Bretni agar (LA) 

LA medium composed of LB solified by agar at 20 g/L. 

1.5. Chemicals 

Unless otherwise stated, all chemicals utilized in this work were of 

analytical grade purity. In all experiments water used for dissolution, 

dilution and for final washing of glass wares and vials was deionized 

water. Heavy metals used in this study were Aluminum chloride (AlCl3) 

anhydrous, Cobalt nitrate (Co (NO3)2.6H2O) and Copper sulfate 

(CuSo4.5H2O) and all chemicals were obtained from Merk and Aldrich 

Chemical Company Germany.  
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1.6. Clay 

Three levels of clay (0.5%, 1.0% and 2.0%) were used in this study. 

Clay was obtained from Ismailia canal. Natural clay was dried in oven at 

80
0
C to reach a constant weight. This clay was untreated. The treated clay 

was acidified by H2So4 according to Espantaleon et al. (2003). 

 1.7. Heavy metals stock solutions 

Ten grams of each heavy metal were dissolved in 100ml deionized 

water and sterilized by autoclaving at 121
 o

C for 20min. These stock 

solutions were used to get the desired concentrations.                                               

1.8. Antibiotic discs 

Fifteen different Antibiotic discs were used in this study. These 

antibiotic discs were Vancomycin 30 mg (VA); Imipenem 10 mg (IPM); 

Ofloxacin 5 mg (OFX); Ceftazidime 30 mg (CAZ); Cefuroxime 30 mg 

(CXM); Chloramphenicol 30 mg (C); Amoxicilin 20 mg + Clavulanic 

acid 10 mg (AMC); Colistin 10 mg (CT); Gentamicin 10 mg (CN); 

Azithromycin 15 mg (AZM); Clindmycin 2 mg (DA); Ciprofloxacin 5 mg 

(CIP); Clarithromycin 5mg (CLR); Levofloxacin 5 mg (LEV) and 

Amikacin 30 mg (AK). These antibiotic discs were obtained from Bioanal 

YSE LTD Tibbi Malze meler San. Ve Tic Ltd Sti Ankara/Turkey.                         

1.9. Irradiation source 

The source of irradiation was Cobalt-60 gamma cells, located at the 

National Center for Radiation Research and Technology (NCRRT) Nasr 

City, Cairo.  
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2. Methods. 

2.1. Isolation of bacteria from soil and industrial waste water  

Three waste waters and three soil samples were used to isolate their 

bacterial strain. One ml from each waste waters or 1gm from soil was 

diluted with 9ml sterile saline (0.85%NaCl), and ten fold serial dilution 

were made. The three appropriate successive dilutions had been plated on 

LA plates in duplicate for each dilution and incubated at 30
 o

C For 48 

hours. A separate single colony were picked up and streaked on LA plates 

to check purity. These isolates had been used for farther investigation.                                                                

2.2. Screening of different isolates on agar plates supplemented with  

different concentrations of heavy metals. 

The isolated bacterial strains were streaked on LA plates containing 

five different concentrations for each one of three heavy metals used in 

this study. Observation for bacterial growth was checked every day till 15 

days incubation period at 30 
o
C.                                                   

2.3. Identification of the most potent bacterial isolate. 

The bacterial isolate was stained according to Cown and Steel 

(1974), and examined under light microscope, Luck, U.S.A. Identification 

of the isolated bacterial strain was based on biological and biochemical 

characteristics according to Bergey’s Manual of Systematic 

Bacteriology, (1984) and API 20E Identification Kits (BioMérieux sa, 

Marcy l'Etoile, France) 

 

2.4. Growth of the most resistant bacterial isolate and the standard 

       strain on different concentrations of heavy metal in broth media    

From the previous experiment, the most resistant bacterial isolate, 

that have the ability to grow on wide range and different heavy metals 

was selected for further investigation. This isolate and Bacillus cereus 

ATCC 11778 standard strains were used to inoculate LB media 

containing different concentration for each one of the three heavy metals 
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used in this study. 100ml of sterile LB media supplemented with heavy 

metals were inoculated with 10% Bacillus cereus ATCC 11778 or 

bacterial isolate (the most resistant bacterial isolate) and incubated at 30
 

o
C in a shaking incubator at 200 rpm for 48 hours. After that, 10ml from 

every culture was centrifuged at 8000 rpm for 15 min. the supernatants 

were carefully transferred to clean and dry vials washed with deionized 

water as previously mentioned. The residual of heavy metals in the 

supernatants were determined using Atomic Adsorption 

Spectrophotometer (AAS) and inductively – Coupled plasma (ICP), 

Perkin – Elemer Emission Spectrometer plasma 400, Japan, at The 

Agriculture Research Center (ARC), Giza, Egypt. Three replicates were 

used for each concentration.     

2.5. Effect of clay as a natural adsorbent on heavy metals uptake only 

       or in combination with the most resistant bacterial isolate                                          

The effect of clay (untreated or treated) alone or in combination 

with the most resistant bacterial isolate at three levels of clay (0.5%, 

1.0%, 2.0%) on uptake of heavy metals, has been investigated. The clay 

was added to LB media After 48 hours incubation at 30
 o

C in shaking 

incubator at 200rpm, 10ml of broth containing the clay alone or in 

combination with bacterial isolate was centrifuged at 8000rpm for 15min. 

The supernatant were used to determine the residual heavy metals by 

AAS or ICP as previously described.  

2.6. Effect of gamma radiation on the survival of the most resistant 

       bacterial isolate     

  The bacterial isolate "MAM-4" was growing in LB media for 48 

hours at 30
 o

C. The well grown bacterial culture was centrifuged at 8000 

rpm for 15 min. the pellets were washed with sterile saline solution twice 

and then resuspended in sterile saline. This bacterial culture was 

distributed in clean, sterile scrow cap test tubes. Each tube contains 4ml 

of bacterial culture. The tubes were exposed to different doses of gamma 

radiation at doses (0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0, and 6.0 kGy) 

from 
60

Co Indian cell at National Center for Radiation Research  and 
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Technology (NCRRT), Cairo, Egypt. The dose rate was 1kGy/12.5 min. 

The non irradiated culture (control) and the irradiated cultures were 

serially diluted and plated on the surface of LA plates to determine their 

viability (dose response curve).                                                                                                                                                 

2.7. Selection of mutants  

The irradiated and non irradiated cultures of bacterial isolate 

"MAM-4" were spread (1.0 ml) on the surface of LA plates supplemented 

with high concentrations of heavy metals to select the mutants having the 

ability to grow on these concentrations. The inoculated plates were 

incubated for 15 days and the appearances of grown colonies on the 

surface of these plates were checked every day. 

2.8. Sensitivity profile against different antibiotics 

The bacterial isolate "MAM-4" was grown in LB media for 48 

hours at 30 
o
C. The heavily grown culture was used to seed the surface of 

LA plates. The inoculated plates were left at the laminar air flow for 1 

hour and then different antibiotic discs were put on the surface of the 

seeded plates. Three plates were used for each antibiotic. The plates were 

incubated for 48 hours at 30
 o

C up-right. After incubation, the inhibition 

zone around each antibiotic disc was measured in millimeter (mm). 
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Results and Discussion 

The threat of heavy metals pollution to public health and wild life 

has led to an increased interest in developing systems that can remove or 

neutralize its toxic effect in soil, sediments and wastewater. Unlike to 

organic contaminates, which can be degraded to harmless chemical 

species, heavy metals can not be destroyed. 

1. Isolation of bacteria from samples contaminated with heavy  

    metals 

Twenty three isolates has been isolated from soil and waste water 

samples as indicated in Table (1). These isolates were purified and 

streaked on LA slants to be stored at 4
o
C till or used for further 

investigation. El-Bestawy et al. (1998) selected four of most pomising 

bacteria in metal uptake, Staphylococcus aureus, Bacillus sphaerieus, 

Bacillus lieniformis and Arthrobacter sp. after isolation from water 

heavily polluted with heavy metals. 

Khan and Masood (2006) isolated pseudomonas fluorescens strain 

from the soil of industrial State of Aligarh, Uttar Pradesh, India. This 

strain was resistant to some of the major India water pollutants namely 

Cd
2+

, Cr
6+

, Cu
2+

 and Pb
2+

.  Also Abskharon et al. (2008) isolated twelve 

isolates of E. coli from wastewater of El-Malah Canal located in Assiut, 

Egypt and were checked for their heavy metals tolerance. A Pseudomonas 

fluorescens strain was isolated from oxic marine sediments obtained from 

the stand zone of St. Anne Bay (a moderately metal-contaminated site to 

the west of Cherbourg harbour) (Poirier et al., 2008).   
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Table (1): Total bacterial count of water and soil samples from 

different polluted sites. 

Site of sample 
Type of 

sample 

Total bacterial 

Count  (CFU/ml) 
Isolates  

Abu-Zabal 

factory 

Water  3 × 10 
4
 MAM-B14 

MAM-B15 

Soil 2.3 × 10 
6
 MAM-B22 

MAM-B23 

El-Shaaba 

factory 

Water  3 × 10 
5
 

MAM-B4 

MAM-B18 

MAM-B19 

MAM-B20 

MAM-B21 

Soil  3 × 10 
6
 

MAM-B9 

MAM-B10 

MAM-B11 

MAM-B12 

MAM-B16 

Oil-pipes 

Company 

Water  1 × 10 
5
 MAM-B13 

MAM-B17 

Soil 1.4 × 10 
6
 

MAM-B1 

MAM-B2 

MAM-B3 

MAM-B5 

MAM-B6 

MAM-B7 

MAM-B8 
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2. Screening for the ability of bacterial isolates to grow on different      

    concentrations of heavy metals 

The ability of twenty three isolates plus the standard strain B. cereus 

ATCC 11778 to grow on five concentrations of each one of the three 

heavy metals used in this study are given in Tables (2-4). Bacterial 

isolates failed to grow on four out of five Al
3+ 

concentrations used as 

indicated in Table (2). Three isolates were able to grow on 500 mg/l Al
3+

. 

Also, these bacterial isolates could not grow on four of the five Co
2+

 

concentrations used in this study. Nine isolates survived on 100mg/L Co
2+

 

Table (3). On the other hand, these bacterial isolates were able to grow on 

four of the five Cu
2+

 concentrations used Table (4). strains "MAM-4", 

"MAM-11" and "MAM-12" were the only isolates able to grow on 377 

mg/L Cu
2+

. From the previous results it is clear that isolate "MAM-4" was 

the most resistant strain. This isolate have the ability to grow on the three 

heavy metals used in this study.  

Some previous results agree with the finding of the present study as 

follows.  

A total of 45 Pseudomonas spp. were isolated from soil. 8% of the 

isolates harboured resistance to Cu
2+

, whereas 73.3 % for Cd
2+

 and 71.1% 

Cr
6+

. The concentration of the heavy metals was 1600μg/ml (Malik and 

Jaiswal, 2000). A group of Pseudomonas, previously isolated from waste 

water could accumulate Cd
2+

 up to 10mµol/L , Cr
6+

 up to 13.26 mg/L and 

Cu
2+

 up to 151.42 mg/L (Hussein et al., 2005).The minimal inhibitory 

concentration (MIC) for E. Coli ASU7 for Cu and Co were 1.57 and 

2.55mM respectively (Abskharon et al., 2008). A pseudomonas 

fluorescens strain was isolated from oxic marine sediments, which 

exhibited a high tolerance to metal contamination when cultivated on 

62mg/L for Zn
2+

, 42mg/L for Cu
2+

 and 57 mg/L for Cd
2+

 (Poirier et al., 
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2008). Samina et al. (2008) isolated pseudomonas fluorescens SM1, 

which was found to be resistant to some major water pollutants namely 

Cd
2+

, Cr
6+

, Cu
2+

, Ni
2+

 and Pb
2+

. Velasquez and Dussan (2009) evaluated 

the tolerance of 9 strains of Bacillus sphaericus to As
5+,

 Hg
2+

, Co
2+

, Fe
3+

 

and Cr
6+

 on two concentrations for each metal. The concentrations were 

for As
5+

 (20 and 30mM), Hg
2+

 (5 and 10mg/L) Co
2+

 (5and 10mg/L) and 

Cr
6+

 (10 and 30 mg/L).  

  

3. Identification of the most tolerant bacterial isolates "MAM-4" 

This isolate Gram- negative short bacilli, catalase positive,  oxidase 

negative, motile, ß –galactosidase, arginine dihydrolyase and laysine 

decarboxylase were negative and ornithine decarboxylase negative, citrate 

utilization positive, H2S production negative, Indole production, 

tryptophane deaminase and urease were positive, Voges Proskaure (V-P) 

negative, Gelatinase negative, while glucose, mannitol, inoisitol were 

positive, sorbitol, arabinose, sucrose, melibiose, and amygdaline were 

negative, While rhamnose positive finally, this isolate is suggestive for 

being belonging to Providencia rettgeri. 
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Table (2): Growth of different isolates on different concentrations of 

aluminum ions (Al
3+

).  

Isolates 

Growth of isolates on different concentrations of 

aluminum (Al
3+

) 

 

(500) 

mg/L 

 

(1850) 

mg/L 

 

(3375) 

mg/L 

 

(6750) 

mg/L 

 

(10125) 

mg/L 

“MAM-1” -ve -ve -ve -ve -ve 

“MAM-2” -ve -ve -ve -ve -ve 

“MAM-3” -ve -ve -ve -ve -ve 

“MAM-4” ++++ -ve -ve -ve -ve 

“MAM-5” -ve -ve -ve -ve -ve 

“MAM-6” -ve -ve -ve -ve -ve 

“MAM-7” -ve -ve -ve -ve -ve 

“MAM-8” -ve -ve -ve -ve -ve 

“MAM-9” -ve -ve -ve -ve -ve 

“MAM-10” ++++ -ve -ve -ve -ve 

“MAM-11” ++++ -ve -ve -ve -ve 

“MAM-12” -ve -ve -ve -ve -ve 

“MAM-13” -ve -ve -ve -ve -ve 

“MAM-14” -ve -ve -ve -ve -ve 

“MAM-15” -ve -ve -ve -ve -ve 

“MAM-16” -ve -ve -ve -ve -ve 

“MAM-17” -ve -ve -ve -ve -ve 

“MAM-18” -ve -ve -ve -ve -ve 

“MAM-19” -ve -ve -ve -ve -ve 

“MAM-20” -ve -ve -ve -ve -ve 

“MAM-21” -ve -ve -ve -ve -ve 

“MAM-22” -ve -ve -ve -ve -ve 

“MAM-23” -ve -ve -ve -ve -ve 

B. cereus ATCC 1178 
)Standard strain) 

++++ -ve -ve -ve -ve 

-ve: no growth                                                +++: good growth  

+ve: weak growth                                          ++++: very good growth  

++: moderate growth                                    +++++: Excellent   
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Table (3): Growth of different isolates on different concentrations of 

cobalt ions (Co
2+

).  

Isolates 

Growth of isolates on different concentrations of 

cobalt (Co
2+

) 

(100) 

mg/L 

(965) 

mg/L 

(1930) 

mg/L 

(2895) 

mg/L 

(4825) 

mg/L 

“MAM-1” -ve -ve -ve -ve -ve 

“MAM-2” -ve -ve -ve -ve -ve 

“MAM-3” -ve -ve -ve -ve -ve 

“MAM-4” ++++ -ve -ve -ve -ve 

“MAM-5” +++++ -ve -ve -ve -ve 

“MAM-6” -ve -ve -ve -ve -ve 

“MAM-7” -ve -ve -ve -ve -ve 

“MAM-8” -ve -ve -ve -ve -ve 

“MAM-9” -ve -ve -ve -ve -ve 

“MAM-10” +++ -ve -ve -ve -ve 

“MAM-11” ++++ -ve -ve -ve -ve 

“MAM-12” ++++ -ve -ve -ve -ve 

“MAM-13” ++ -ve -ve -ve -ve 

“MAM-14” +++++ -ve -ve -ve -ve 

“MAM-15” -ve -ve -ve -ve -ve 

“MAM-16” +++++ -ve -ve -ve -ve 

“MAM-17” -ve -ve -ve -ve -ve 

“MAM-18” -ve -ve -ve -ve -ve 

“MAM-19” -ve -ve -ve -ve -ve 

“MAM-20” -ve -ve -ve -ve -ve 

“MAM-21” -ve -ve -ve -ve -ve 

“MAM-22” ++++ -ve -ve -ve -ve 

“MAM-23” -ve -ve -ve -ve -ve 

B. cereus ATCC 1178 

)Standard strain) 
++++ -ve -ve -ve -ve 

-ve: no growth                                                +++: good growth  

+ve: weak growth                                          ++++: very good growth  

++: moderate growth                                    +++++: Excellent   
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Table (4): Growth of different isolates on different concentrations of 

copper ions (Cu
2+

).  

Isolates 

Growth of isolates on different concentrations of 

copper (Cu
2+

) 

(25) 

mg/L 

(127) 

mg/L 

(253) 

mg/L 

(377) 

mg/L 

(743) 

mg/L 

“MAM-1” +++++ + -ve -ve -ve 

“MAM-2” +++++ -ve -ve -ve -ve 

“MAM-3” +++++ +++++ ++ -ve -ve 

“MAM-4” +++++ +++++ ++++ +++ -ve 

“MAM-5” +++++ +++ -ve -ve -ve 

“MAM-6” +++++ ++++ -ve -ve -ve 

“MAM-7” +++++ +++ -ve -ve -ve 

“MAM-8” +++++ +++ -ve -ve -ve 

“MAM-9” +++++ +++ -ve -ve -ve 

“MAM-10” +++++ +++++ ++++ -ve -ve 

“MAM-11” +++++ +++++ ++++ +++ -ve 

“MAM-12” +++++ +++++ +++++ ++++ -ve 

“MAM-13” +++++ ++++ -ve -ve -ve 

“MAM-14” +++++ ++++ -ve -ve -ve 

“MAM-15” +++++ ++++ -ve -ve -ve 

“MAM-16” +++++ +++ -ve -ve -ve 

“MAM-17” +++++ ++ -ve -ve -ve 

“MAM-18” +++++ +++ -ve -ve -ve 

“MAM-19” +++++ +++++ -ve -ve -ve 

“MAM-20” +++++ +++++ -ve -ve -ve 

“MAM-21” +++++ +++++ -ve -ve -ve 

“MAM-22” +++++ +++++ -ve -ve -ve 

“MAM-23” +++++ +++++ +++ -ve -ve 

B. cereus ATCC 1178 

)Standard strain) 
+++++ +++++ +++ -ve -ve 

-ve: no growth                                                +++: good growth  

+ve: weak growth                                          ++++: very good growth  

++: moderate growth                                    +++++: Excellent   
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4. Biosorption of heavy metals 

4.1. Biosorption of Aluminum ions (Al
3+

) by P. rettgeri and B. cereus 

ATCC 11778 

The ability of P. rettgeri to uptake Al
3+

 at different concentrations 

of (25, 50,100, 200, 300, 400, and 500mg/L) is shown in Table (5) and 

Figure (2). These results show that the percentage of Al
3+ 

uptake 

decreased gradually with increasing the concentration of Al
3+ 

in the 

medium. From the results, the maximum uptake (97.2%) was recorded at 

the concentration of 25mg/L.                       

 In case of B. cereus ATCC 11778, the uptake of Al
3+

 decreased 

with increasing its concentration as shown in Table (6) and Figure (3). 

The results revealed that P. rettgeri was more tolerant to Al
3+ 

till 

200mg/L. It could uptake 173mg/L while B. cereus ATCC 11778 uptake 

47mg/L from the same concentration. 

Little work has been done on biosorption of Al
3+

. This is the most 

important reason for studying the biosorption of Al
3+

 to participate in 

covering this area of research. 

 Al
3+

 is environmental pollutant frequently found in industrial waste 

water. Optimum adsorption pH value of Al
3+ 

was 5.0 by Chryseomonas 

Luteola TEM05. The maximum adsorption capacity was 55.2mgg
-1

 for 

Al
3+

 (Ozdemir and Baysal, 2004). 

Bacillus showed the highest potential for heavy metal removal 

followed by Staphylococcus while Pseudomonas showed the least ability. 

These results indicated that Bacillus may be employed in the bioremoval 

of heavy metals from tropical aquatic environment (Odokuma and 

Abah, 2003).  
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Table (5): Biosorption of different concentrations of aluminum ions by 

P. rettgeri.  

Initial conc.  

(mg/L) 

Residual conc.  

(mg/L) 

Uptake 

(mg/L) 

Uptake 

(%) 

25 0.70 24.30 97.20 

50 1.50 48.50 97.00 

100 5.00 95.00 95.00 

200 27.00 173.00 86.50 

300 233.00 67.00 22.33 

400 350.00 50.00 12.50 

500 458.00 42.00 8.40 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2): Biosorption of different concentration of aluminum ions by 

P. rettgeri. 
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Table (6):  Biosorption of different concentrations of aluminum ions by 

B. cereus ATCC 11778.  

Initial conc.  

(mg/L) 

Residual conc.  

(mg/L) 

Uptake 

(mg/L) 

Uptake 

(%) 

25 0.30 24.70 97.80 

50 4.30 45.70 91.40 

100 60.80 39.20 39.20 

200 153.00 47.00 23.50 

300 244.00 56.00 18.66 

400 332.00 68.00 17.00 

500 450.00 50.00 10.00 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3): Biosorption of different concentration of aluminum ions by 

B. cereus ATCC 11778. 
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4.2. Biosorption of Cobalt ions (Co
2+

) by P. rettgeri and B. cereus 

ATCC 11778                         

Cobalt (Co
2+

) is toxic heavy metals. The ability of P. rettgeri to 

uptake Co
2+

 at concentrations (5, 10, 25, 50, 100, 150 and 200mg/L) is 

shown in Table (7) and Figure (4). It is clear that, as the concentrations of 

Co
2+

 increased, the uptake decreased. P. rettgeri could uptake 59mg/L 

Co
2+ 

from 200gm/L in the broth medium (29.5%). However in case of B. 

cereus, as the concentrations of cobalt (Co
2+

) increased, the uptake of 

Co
2+

 decreased Table (8) and Figure (5). The previous results revealed 

that B. cereus ATCC 11778 was able to uptake Co
2+

 more than P. 

rettgeri. B. Cereus ATCC 11778 removed 68.3mg/L from 200 mg/L Co
2+

 

(34.1%) found in the broth medium. 

Many studies exist concerning the metal tolerance of bacteria, 

however, it is difficult to make a meaningful comparison with the 

literature because of the diversity of growth media, bacterial strains, pH, 

and incubation conditions. 

In case of Co
2+

 biosorption some researches in agreement with the 

previous results of this work and some were higher or lower.    

Co
2+

 removal (90 %) by a Co
2+

-resistant Neurospora crassa was 

growth medium-dependent as the mycelia grown in nitrate N-medium 

were found to be more efficient than those grown in ammonium N-

medium (Karna et al., 1996). 

The ability of sand filters inculcated with precipitating bacteria 

(Ralstonia eutropha CH34,  Pseudomonas mendocina AS302 and 

Arthrobacter sp. BP7126) to remove Cu  and Co  were  between 95% and 

100 % and  between 80 % and 90 % respectively (Diels et al., 2003).  

Bcillus circulans EB1 cells did not efficiently uptake Co, only about 

12mg/L bound to cellular fraction. It removed 40% (Yilmaz, 2003).  

Iyer et al. (2005) found that the marine bacterium, Enterobacter 

cloacae isolated from the west coast of India was capable to chelate 65% 

of Cd and 20 % of Cu and 8 % of Co at 100mg/L heavy metals. 

The maximum adsorption capacities in Langmuir isotherm for 

calcium alginate, calcium alginate + exopolysaccharide (EPS), calcium 
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alginate + Chyseomonus Luteola TEM05 and calcium alginate + EPS + C. 

luteola TEM05were 1.505, 1.989, 1.976, 1.937 mmol/g dry weight for Cu 

(II) (Ozdemir et al., 2005).The percentage removal of Co, Zn and Cu 

cations by extracellular biopolymer of Pseudomonas fluorescence 

BM07were between 20 and 30 % (Noghabi et al., 2007). 

The adsorption was well described by the Langmuir isotherm 

model. The maximum monolayer adsorption capacity was 106.2, 96.1 and 

52.9mgg
−1

 for Cu (II), Zn (II) and Co (II) ions, respectively, at 30 
◦
C. The 

efficiency of humic acid-immobilized-amine-modified polyacrylamide/ 

bentonite composite (HA-Am-PAA-B) in removing metal ions from 

different industry wastewaters was tested. Adsorbed metal ions were 

desorbed effectively (97.7 for Cu (II), 98.5 for Zn (II) and 99. 2% for Co 

(II)) by 0.1M HCl (Anirudhan and Suchithra, 2010). 

Biosorption preference of dead biomass of Geobacillus 

thermodenitrificans for the synthetic metal solutions was in the following 

order Fe
3+ 

>Cr
3+

 >Co
2+

 >Cu
2+

 >Zn
2+

 >Cd
2+ 

>Ag
+
 >Pb

2+
. It reduced the 

concentration of Fe
3+

 (91.31%), Cr
3+

 (80.80%), Co
2+

 (79.71%), Cu
2+

 

(57.14%), Zn
2+

 (55.14%), Cd
2+

 (49.02%), Ag
+
 (43.25%) and Pb

2+
 

(36.86%) at different optimum pH within 720 min. When this strain was 

applied in the industrial waste water biosorption preference was in the 

following order Fe
3+

 >Cr
3+

 >Cd
2+

 >Pb
2+

 >Cu
2+

 >Co
2+

 >Zn
2+

 >Ag
+
 and 

concentrations were reduced up to 43.94% for Fe
3+

, 39.2% for Cr
3+

, 

35.88% for Cd
2+

, 18.22% for Pb
2+

, 13.03% for Cu
2+

, 11.43% for Co
2+ 

, 

9.02% for Zn
2+

 and 7.65% for Ag
+
 within 120 min (Chatterjee et al., 

2010). 

Sulphate reducing bacteria (SRB) have a higher binding capacity 

for Co
2+

 (qmax = 204.1 mg g
_1

) (Ngwenya and Chirwa, 2010). 
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Table (7): Biosorption of different concentrations of cobalt ions by P. 

rettgeri.  

Initial conc.  

(mg/L) 

Residual conc.  

(mg/L) 

Uptake 

(mg/L) 

Uptake 

(%) 

5 1.16 3.84 76.80 

10 2.66 7.34 73.40 

25 8.30 16.70 66.80 

50 17.80 32.20 64.40 

100 42.50 57.50 57.50 

150 69.50 80.50 53.65 

200 141.00 59.00 29.50 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (4): Biosorption of different concentration of cobalt ions by P. 

rettgeri. 
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Table (8): Biosorption of different concentrations of cobalt ions by B. 

cereus ATCC 11778.                                              

Initial conc.  

(mg/L) 

Residual conc.  

(mg/L) 

Uptake 

(mg/L) 

Uptake 

(%) 

5   1.1 3.90 78.00 

10 2.4 7.80 76.00 

25 8.60 16.40 65.60 

50 20.30 29.70 59.40 

100 41.00 59.00 59.00 

150 64.90 85.10 56.73 

200 131.7 68.30 34.15 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5): Biosorption of different concentration of Cobalt ions by B. 

cereus ATCC 11778. 
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4.3. Biosorption of Copper ions (Cu
2+)

 by P. rettgeri and B. cereus 

ATCC 11778 

Copper ions (Cu
2+

) are considered essential metal for the activities 

of many enzymes but at low concentrations. As the level of Cu
2+ 

increased it becomes toxic to the living cells (Cabrera et al., 2006). 

The biosorption of Cu
2+

 by P. rettgeri and B. cereus ATCC 11778 

was investigated at different concentrations (25, 50, 100, 150, 200, 250 

and 300 mg/L).Table (9) and Figure (6) indicated that the biosorption of 

Cu
2+

 by P. rettgeri decreased with increasing its level. The maximum 

Cu
2+ 

uptake (46 %) was recorded at initial concentration 25 mg/L, while 

the minimum uptake (0.7 %) was recorded at 300 mg/L. Also in case of 

B. cereus ATCC 11778 the uptake of Cu
2+

decreased upon increasing its 

concentration. But the uptake of B. cereus ATCC 11778 was higher than 

P. rettgeri uptake along all levels as shown in Table (10) and Figure 

(7).The previous results raveled that B. cereus ATCC 11778 was more 

tolerant to Cu
2+

 than P. rettgeri. At 300 mg/L B. cereus ATCC 11778 

removed 25.5mg/L Cu
2+

 from the broth medium, while at the same level, 

P. rettgeri removed 2.0 mg/L. 

On contrast to Al
3+

 biosorption, Cu
2+

 biosorption has a huge number 

of investigations. The results of these researches are in agreement with 

the results of the present study but the percentage of removal differs 

greatly according to the incubation conditions and the type of bacterial 

strain used in the studies.  

Chang et al. (1997) found that, Pseudomonas aeruginosa PU21 and 

Pseudomonas aeruginosa Rip46 adsorbed 80% and 75% of Cu
2+ 

respectively. Thiobacillus ferrooxidans had the ability to remove 25% of 

Cu
2+ 

in 2 days (Boyer et al., 1998). Hassen et al. (1998) found that 

Bacillus thurigiensis adsorbed 34 % of Cu
2+ 

(about 18 mg/L) into 2 days. 

The total removal percentages of Cu (II) for Cu (II) adsorption on 

the Ca-alginate, agarose and immobilized Chlorella vulgaris (Ca-alginate 

+ C. vulgaris and Agarose + C. vulgaris)  beads at the end of 120 rain, 
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Temperature: 25°C, Initial pH: 4.0 and initial concentration (150 mg/L ) 

were 45%, 41.5%, 27,7% and 48.8% respectively(Aksu et al., 1998). 

Several yeast strains have been tested for bioaccumulation of Cu 

under growing conditions. The level of Cu accumulation and microbial 

growth were dependent on the pH and initial Cu concentration. The 

results indicate that Kluveromyces marxianus, Candida spp. and 

Saccharomyces cerevisiae remove 73 - 90% of Cu during their growth 

(Donmez and Aksu, 1999 and Donmez and Aksu, 2001). 

The entrapped dead cells of Saccharomyces cerevisiae 54 showed a 

high adsorption capacity (27 mg Cu (II)/g dry biomass at 200 mg/L initial 

concentration of Cu (II)) when the concentration of the polyacrylonitrile 

was 12%, and the biomass loading was 0.5 g dry cell-weight/g polymer. 

(Godjevargova et al., 2004). 

A heavy metal accumulation bacterium Pseudomonas putida 5-X 

isolated from electroplating industrial effluent, adsorped more Cu
2+

 .The 

adsorption capacity increased from 51.2 to 89.6 mg/L. The optimized P.  

putida 5-X  cell could remove heavy metal ions from electroplating 

effluent with 95% removed capacity (Wang et al., 2005).   

The relatively high phospholipid content in the outer membrane of   

P.  putida 5-X cell may be the major reason for the higher adsorption 

capacity of the outer membrane to Cu
2+

 and hence high adsorption 

capacity (Wang et al., 2006). Previous results show that Enterobacter sp. 

J1 had equilibrium adsorption capacities of 32.5 and 46.2 mg/g dry cell 

for Cu and Cd, respectively (Lu et al., 2006). Cabrera et al. (2006) 

studied the toxic effect of dissolved heavy metals [Cr (III), Cu (II), Mn 

(II), Ni (II), and Zn (II)] on two cultures of SRB (Desulfovibrio vulgaris 

and Desulfovibrio sp.). At the highest metal concentration tolerated for 

each metal the precipitation levels for Desulfovibrio vulgaris were as 

follow: 24.7%-15 mg/L Cr (III), 45%-4 mg/L Cu (II), 60%-10 mg/L Mn 

(II), 96%-8.5 mg/L Ni (II) and 9%-20 mg/L Zn (II). The corresponding 

values for Desulfovibrio sp. were: 25.5-15 mg/L Cr (III), 71%-4 mg/L Cu 
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(II), 66.2%-10 mg/L Mn (II), 96.1%-8.5 mg/L Ni (II) and 93%-20 mg/L 

Zn (II).                                                    

Biosorption capacity of the Streptomyces rimosus biomass 

pretreated with NaOH was 30 mg Cu
2+

 g
–1

 biomass (Chergui et al., 

2007).The ability of free and polysulphone immobilized biomass of 

Arthrobacter sp. to remove Cu
2+ 

ions from aqueous solution were 175.87 

and 158.7 mg/g respectively at pH 5.0 and 30 
o
C temperature (Hasan and 

Srivastava, 2009). Biosorptive capacity of Pb(II), Cd(II) and Cu(II) by 

lyophilized cells of Pseudomonas stutzeri was investigated Biosorptive 

capacity for Pb(II), Cd(II) and Cu(II) decreased with an increase of metal 

concentration, reaching 142, 43.5 and 36.2 mg/g at initial concentration of 

300 mg/L, respectively (Oh et al.,2009). 

Cu (II) bioremoval was directly proportional to Cu (II) 

concentration in media. Pseudomonas sp. NA removed more than 110 

mg/L Cu (II) in water within 24 h through bioreduction and biosorption at 

initial concentration of 300 mg/L. In cultures amended with 100 mg/L, 

20.7 mg/L of Cu (II) was biologically reduced and more than 23 mg/L of 

Cu (II) was biologically removed in 12 h (Andreazza et al., 2010). The 

maximum uptake capacities of copper by Posidonia oceanica was 56.92 

and 85.78 mg g
_1

 at pH 5.0 and 6.0, respectively (Izquierdo et al., 2010). 

Total protein content of E. coli ASU3 decreased with the increase of 

copper concentration (Abskharon et al., 2010). 
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Table (9): Biosorption of different concentrations of copper ions by P. 

rettgeri. 

Initial conc. 

(mg/L) 

Residual conc.  

(mg/L) 

Uptake 

(mg/L) 

Uptake 

(%) 

25 13.50 11.50 46.00 

50 31.50 18.50 37.60 

100 66.00 34.00 34.00 

150 130.00 20.00 13.33 

200 178.70 21.30 10.65 

250 231.00 19.00 7.60 

300 298.00 2.00 0.70 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (6): Biosorption of different concentration of copper ions by P. 

rettgeri. 
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Table (10): Biosorption of different concentrations of copper ions by 

B. cereus ATCC 11778.                                                    

Initial conc.  

(mg/L) 

Residual conc.  

(mg/L) 

Uptake 

(mg/L) 

Uptake 

(%) 

25 11.50 13.50 54.00 

50 24.00 26.00 52.00 

100 60.50 39.5 39.50 

150 122.00 28.00 18.66 

200 167.70 32.30 16.15 

250 217.80 32.20 12.10 

300 274.50 25.50 8.50 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (7): Biosorption of different concentration of Copper ions by B. 

cereus ATCC 11778. 
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5. Effect of clay as a natural adsorbent on heavy metals uptake    

5.1. Effect of clay as a natural adsorbent on aluminum ions (Al
3+

) 

uptake                                                                                             

Clay is a cheap, abundant, natural materials found in the 

environment. So it was used as a natural sorbent for many of heavy 

metals (Babel and Kurniawau, 2003). Using this natural adsorbent at 

different concentrations (0.5, 1.0, and 2.0%) in both forms (untreated and 

treated) alone or combined with P. rettgeri to remove Al
3+

 from the liquid 

medium is presented in Tables (11-16) and Figures (8-13). The results 

from Table (11) and Figure (8) indicate that the ability of 0.5% untreated 

clay alone decreased as the concentration of Al
3+

 increased. However, the 

ability of 0.5% untreated clay combined with P. rettgeri was higher than 

clay alone at the same concentration of clay and the same concentration of 

Al
3+

  except the first concentration (25 mg/L Al
3+

). 

As the concentration of untreated clay increased to be 1.0% as 

shown in Table (12) and Figure (9), the results cleared that the uptake by 

1.0 % untreated clay alone decreased as Al
3+

 increased. But 1.0% 

untreated clay alone adsorbed more Al
3+

 than that adsorbed by 0.5% 

untreated clay alone at the same concentrations of Al
3+

 except the first 

concentration. This means that as the level of clay increased the uptake of 

Al
3+

 increased. The same trend was observed in the case of 1.0% 

untreated clay combined with P. rettgeri. 1.0% untreated clay with P. 

rettgeri could uptake more Al
3+

 than that taken by 0.5% untreated clay. 

These results indicated also that arising the concentrations of clay from 

0.5% to 1.0% enhanced greatly the capacity of Al
3+

 uptake by both clay 

alone or clay combined with P. rettgeri.  

By increasing the concentration of clay to 2.0% (Table (13) and 

Figure (10)), the uptake decreased with increasing Al
3+

 concentrations. 

2.0 % untreated clay alone or in combination with P. rettgeri enhanced 

the capacity of Al
3+

 uptake at the low concentrations of Al
3+

 only. But at 
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high concentrations, 1.0% untreated clay alone was superior. The 

combined treatment could uptake Al
3+

 more than clay alone. From 

previous results, it is clear that 1.0% clay was the best and the combined 

treatment had the highest capacity to uptake Al
3+

. 1.0% untreated clay 

combined with P. rettgeri could remove 471.8 mg/L of 500 mg/L Al
3+

 

from the broth medium (94.4%).          

In case of treated clay (Table (14) and Figure (11)), the results 

revealed that 0.5% treated clay alone removed (22%) of Al
3+

  at 25 mg/L, 

then the removal rate was increased till 300 mg/L after that, removal 

decreases to be (24%) of 500 mg/L Al
3+

 However, in case of 0.5% treated 

clay combined with P. rettgeri (Table (14) and Figure (11)) cleared that 

Al
3+ 

uptake was low at the first concentration of 25 mg/L , the  uptake 

was then increased and continued increase the uptake. At 500 mg/L Al
3+

 

the combined treated clay removed 460mg/L from the broth medium 

(92.1%). Generally, the combined treated clay with P. rettgeri removed 

more Al
3+

 than treated clay alone at all concentrations.      

From Table (15) and Figure (12), the results revealed that 1.0% 

treated clay alone adsorbed more Al
3+

 than 0.5% treated clay at all 

concentrations. On the other hand, 1.0% treated clay combined with   P. 

rettgeri adsorbed more Al
3+

 than 1.0% treated clay alone, but at high 

concentrations were less adsorption than 0.5% combined treated clay. As 

the concentration of clay increased to be 2.0% as indicated in Table(16) 

and Figure (13), the results showed that 2.0% combined treated clay 

adsorbed more Al
3+

  than 2.0% treated clay alone.  

Generally from the previous results, it is clear that untreated clay 

combined with   P. rettgeri adsorbed more Al
3+

 than treated clay 

combined with P. rettgeri at the three levels of clay (0.5%, 1.0%, and 

2.0%). 2.0% untreated clay combined with   P. rettgeri had the highest 

capacity to adsorb Al
3+

 from the broth medium. This means that, 

combination between the natural sorbent and the microorganism greatly 
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enhanced the uptaking capacity for Al
3+

. So it could be recommended to 

use combination between clay and this microorganism for bioremediation 

of Al
3+

 from wastewater. So it could be recommended to be used in Al
3+

 

bioremediation.  As mentioned before, rare researches have been 

published about Al
3+

 biosorption. Consequently, a very rare research 

about biosorption of Al
3+

 in combination with clay as natural sorbent. But 

in general the negative charge on the structure of clay minerals gives clay 

the capability to attract metal ions (Babel and Kurniawau, 2003). 

Kaolin surface in water had a net negative charge and the bacteria 

have also a net negative charge. These negative surfaces obviously favour 

the biosorption of cations. Fourier Transform Infrared Spectroscopy 

(FTIR) analysis showed that functional groups on the biomass, such as 

hydroxyl, carboxyl and phosphate groups would be the main binding sites 

for biosorption of heavy metals. And the presence of bacterial biofilm 

increased the efficiency of the kaolin uptake (Quintelas et al., 2008). 

Abu-Eishah (2008) used three forms of sarooj clay (washed clay, 

chemically treated clay and thermally + chemically treated clay) for 

heavy metal removal.   
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Table (11): Adsorption of different concentrations of aluminum ions by 

0.5% untreated clay alone or in combination with P. rettgeri. 

 

Untreated clay with 

 P. rettgeri 
Untreated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

79.20 19.80 5.60 83.20 20.80 4.20 25 

93.20 46.60 3.40 77.00 38.50 11.50 50 

96.40 96.40 3.60 72.00 72.00 28.00 100 

97.60 195.50 4.80 70.00 140.00 60.00 200 

96.26 288.80 11.20 67.33 202.00 98.00 300 

94.35 377.40 22.60 58.75 235.00 165.00 400 

49.44 247.20 252.80 24.20 121.00 379.00 500 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

Fig. (8): Adsorption of different concentrations of aluminum ions by 

0.5% untreated clay alone or in combination with P. rettgeri. 
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Table (12): Adsorption of different concentrations of aluminum ions by 

1.0% untreated clay alone or in combination with P. rettgeri. 

Untreated clay with 

 P. rettgeri 
Untreated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

88.80 22.20 2.80 80.  00 20.00 5.00 25 

94.40 47.20 2.80 79.40 39.70 10.30 50 

97.00 97.00 3.00 78.30 78.30 21.70 100 

97.90 195.80 4.20 77.50 155.00 45.00 200 

98.10 294.20 5.80 69.00 207.00 93.00 300 

93.20 272.80 27.20 68.50 274.00 126.00 400 

94.36 471.80 28.20 55.80 279.00 221.00 500 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (9): Adsorption of different concentrations of aluminum ions by 

1.0% untreated clay alone or in combination with P. rettgeri. 
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Table (13): Adsorption of different concentrations of aluminum ions by 

2.0% untreated clay alone or in combination with P. rettgeri. 

 

Untreated clay with 

 P. rettgeri 
Untreated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

93.60 23.40 1.60 82.40 20.60 4.40 25 

96.46 48.23 1.77 81.80 40.90 9.10 50 

97.25 97.25 2.75 77.00 77.6 22.40 100 

98.25 196.50 3.50 72.00 144.00 56.00 200 

98.00 294.00 6.00 65.00 195.00 105.00 300 

97.50 390.00 10.00 58.75 235.00 165.00 400 

92.16 460.80 39.20 55.20 276.00 224.00 500 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (10): Adsorption of different concentrations of aluminum ions by 

2.0% untreated clay alone or in combination with P. rettgeri. 
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Table (14): Adsorption of different concentrations of aluminum ions by 

0.5% treated clay alone or in combination with P. rettgeri. 

 

Treated clay with 

 P. rettgeri 
Treated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

44.00 11.00 14.00 22.40 5.60 19.40 25 

89.60 44.80 5.20 59.20 29.60 20.40 50 

90.60 90.60 9.40 56.00 56.00 44.00 100 

91.20 182.40 17.60 67.00 134.00 66.00 200 

89.40 268.20 31.80 61.66 185.00 115.00 300 

93.15 372.60 27.40 39.75 159.00 241.00 400 

92.12 460.60 39.40 24.20 121.00 379.00 500 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. (11): Adsorption of different concentrations of aluminum ions by 

0.5% treated clay alone or in combination with P. rettgeri. 
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Table (15): Adsorption of different concentrations of aluminum ions by 

1.0% treated clay alone or in combination with P. rettgeri. 

 

Treated clay with 

 P. rettgeri 
Treated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

43.20 10.80 14.20 52.00 13.00 12.00 25 

89.60 44.80 5.20 51.00 25.00 24.30 50 

92.00 92.00 8.00 73.30 73.30 26.70 100 

95.00 190.00 10.00 72.35 144.70 55.30 200 

89.80 269.40 30.60 68.93 206.80 93.20 300 

61.80 247.20 152.80 60.70 242.80 157.20 400 

41.56 207.80 292.20 29.29 146.40 353.60 500 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (12): Adsorption of different concentrations of aluminum ions by 

1.0% treated clay alone or in combination with P. rettgeri.  
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Table (16): Adsorption of different concentrations of aluminum ions by 

2.0% treated clay alone or in combination with P. rettgeri. 

 

Treated clay with 

 P. rettgeri 
Treated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

24.00 6.00 19.00 18.40 4.60 20.40 25 

66.80 33.40 16.60 28.00 14.00 36.00 50 

96.00 96.00 4.00 63.40 63.40 36.60 100 

96.50 193.00 7.00 80.70 161.40 38.60 200 

95.33 286.00 14.00 69.40 208.20 91.80 300 

77.45 309.80 90.20 52.05 208.20 191.8 400 

57.72 288.60 211.40 41.00 205.00 295.00 500 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (13): Adsorption of different concentrations of aluminum ions by 

2.0% treated clay alone or in combination with P. rettgeri. 
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5.2. Effect of clay as a natural adsorbent on cobalt ions (Co
2+

) uptake  

Cobalt is found mainly in the Co
2+ 

form, Co
3+

 is only stable in 

complex compounds. Microbial biomass of most bacterial strains and 

transconjugants can successfully remove higher concentrations of cobalt. 

Bioaccumulation of Co
2+

 by clay as a natural adsorbent or in combination 

with P. rettgeri in both cases untreated or treated is indicated in Tables 

(17-22) and Figures (14-19).                                                            

In case of 0.5% untreated clay, as the concentration of Co
2+

 

increased, the adsorption decreased. The results given in Table (17) and 

Figure (14) indicate that, the same trend was recorded for 0.5% untreated 

clay combined with P. rettgeri. This combined treatment uptake more 

Co
2+

 than clay alone especially at low concentrations.  

As the concentration of clay increased to be 1.0% untreated clay  

(Table (18) and Figure (15)), the results revealed that the uptake of Co
2+

 

by 1.0% untreated clay alone decreased as Co
2+

 increased. But 1.0% 

untreated clay only adsorbed more Co
2+

 than that adsorbed by 0.5% 

untreated clay alone at the same level of Co
2+

. The same trend was 

observed in case of 1.0% untreated clay combined with P. rettgeri. 

Combined treatment of 1.0% untreated clay with P. rettgeri could uptake 

more Co
2+

 than that taken by 0.5% untreated clay combined with P. 

rettgeri. These results showed also that arising the concentrations of clay 

from 0.5% to 1.0% enhanced greatly the capacity of Co
2+

 uptake by both 

clay alone or clay combined with P. rettgeri.  

When the concentration of clay was increased to 2.0% (Table (19) 

and Figure (16)), the untreated clay alone could remove 30 mg/L Co
2+

 

from 200 mg/L (15.0%) from the broth medium. But in case of 2.0% 

untreated clay combined with P. rettgeri, it could remove 95.3 mg/L Co
2+ 
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from same concentration in the broth medium (47.7%). These results 

revealed that combined treatment adsorbed more Co
2+ 

than clay alone.  

From previous results, it is clear that 2.0% clay was the best and the 

combined treatment had the highest capacity to uptake Co
2+

. 2.0% 

untreated clay combined with P. rettgeri could remove 95.3mg/L of 200 

mg/L Co
2+ 

from the broth medium (47.7%).       

 In case of treated clay as illustrated in Table (20) and Figure (17), 

the results revealed that 0.5% treated clay only removed (55.2%) of Co
2+ 

at 5 mg/L, then the removal rate decreased sharply to be (5%) of 200mg/L 

Co
2+

. However, 0.5% treated clay combined with P. rettgeri (Table (20) 

and Figure (17)) show that Co
2+

 uptake was high at the first concentration 

5mg/L, the uptake was then decreased  . At 200 mg/L Co
2+

 the combined 

treated clay removed 39 mg/L from the broth medium (19.5%). 

Generally, treated clay combined with P. rettgeri removed more Co
2+

 

than treated clay alone at all levels. Comparing 0.5% untreated combined 

clay with 0.5% treated combined clay, the results revealed that 0.5% 

untreated combined clay uptake more Co
2+

 at all levels tested. 

 Increasing the concentration of treated clay to 1.0% is indicated in 

Table (21) and Figure (18). At this level, treated clay alone or in 

combination with P. rettgeri increased their capacities to uptake Co
2+

. 

However, 2.0% treated clay alone could remove 22 mg/L Co
2+

 from 200 

mg/L (11.0%) (Table (22) and Figure (19)). 2.0% treated clay combined 

with  P. rettgeri could remove 59mg/L (29.5%).Generally, 2.0% 

untreated clay combined with P. rettgeri had the highest capacity for Co
2+

 

removal from the broth medium at all the Co
2+

 concentrations. Also, 2.0% 

untreated d clay combined with P. rettgeri gave absolutely the best 

results. So it is recommended to be used in Co
2+ 

bioremediation.   
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Little work about biosorption of Co
2+

 by bacterial cells, but little 

work had been found about biosorption of Co
2+

 by bacterial cells 

immobilized on natural or modified clay. The use of raw kaolin for 

removing Co (II) from aqueous solution has yielded Langmuir monolayer 

capacities of 1.5 mg g
-1

 at 313K. A similar Langmuir adsorption capacity 

value of 11.2 mgg
-1

for kaolinite, but the values for acid activated 

kaolinite, montmorillonite and acid-activated montmorillonite (12.1, 28.6 

and 29.7 mg g
-1 

respectively) are substantially large (Bhattacharyya and 

Gupta, 2008). The capacity of Agrobacterium tumefacients as an 

immobilized cell on Amberlite XAD-4 was used as a support material to 

adsorb Co (II) was 29 μmol g
−1

 (Baytak and Turker, 2005). The 

maximum adsorption capacities determined by fitting Langmuir isotherms 

to the data for calcium alginate, calcium alginate + extracellular 

polysaccharide (EPS), calcium alginate + Chryseomonas luteola TEM05 

and calcium alginate + EPS + C. luteola TEM05 were 45.87, 55.25, 

49.26, 51.81 mg g
−1

 for Co (II) (Ozdemir et al.,2005). Tuzen et al. 

(2007) found that the capacity of sorbent (Bacillus sphaericus loaded on 

Diaion SP-850 resin) for analytes were for Cu (4.6 mg g
-1

) and for Co 

(4.3 mg g
-1

). Mamba et al. (2009) compared the removal efficiencies of 

bacterial strains versus natural clinoptilolite adsorbents for metal cations. 

The Bacillus consortia removed most of the metals up to 98%. Also 

clinoptilolite showed good removal capacity. The 0.02 M HCL- activated 

clinoptilolite also demonstrated excellent removal capacity with Cu
2+

, 

Co
2+

 and Fe
3+

 removal efficiency of up to 98%.  
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Table (17): Adsorption of different concentrations of cobalt ions by 

0.5% untreated clay alone or in combination with P. 

rettgeri. 

Untreated clay with 

 P. rettgeri 
Untreated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

80.00 4.00 1.00 70.00 3.50 1.50 5 

78.00 7.80 2.20 70.00 7.00 3.00 10 

74.00 18.50 6.50 68.00 17.00 8.00 25 

62.00 31.00 19.00 40.00 20.00 30.00 50 

50.00 50.00 50.00 34.00 40.00 60.00 100 

34.00 51.00 99.00 20.00 30.00 120.00 150 

25.00 50.00 150.00 10.00 20.00 180.00 200 
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Fig. (14): Adsorption of different concentrations of cobalt ions by 0.5% 

untreated clay alone or in combination with P. rettgeri. 
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Table (18): Adsorption of different concentrations of cobalt ions by 

1.0% untreated clay alone or in combination with P. 

rettgeri. 

Untreated clay with 

 P. rettgeri 
Untreated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

88.00 4.40 0.60 74.00 3.70 1.30 5 

83.00 8.30 1.70 73.30 7.30 2.70 10 

78.80 19.70 5.30 70.00 17.50 7.50 25 

69.00 34.50 15.50 60.00 30.00 20.00 50 

55.00 55.00 45.00 40.00 40.00 60.00 100 

46.65 70.00 80.00 20.00 30.00 120.00 150 

41.22 82.43 117.57 15.00 30.00 170.00 200 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (15): Adsorption of different concentrations of cobalt ions by 1.0% 

untreated clay alone or in combination with P. rettgeri. 
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Table (19): Adsorption of different concentrations of cobalt ions by 

2.0% untreated clay alone or in combination with P. rettgeri. 

Untreated clay with 

 P. rettgeri 
Untreated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

92.00 4.60 1.40 80.00 4.00 1.00 5 

86.00 8.60 1.40 77.00 7.70 2.30 10 

84.00 21.00 4.00 72.00 18.00 7.00 25 

75.00 37.50 13.00 60.00 30.00 20.00 50 

67.00 67.00 33.00 40.00 40.00 60.00 100 

56.65 85.00 65.00 24.65 37.00 113.00 150 

47.66 95.33 104.67 15.00 30.00 170.00 200 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. (16): Adsorption of different concentrations of cobalt ions by 2.0 % 

untreated clay alone or in combination with P. rettgeri.  
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Table (20): Adsorption of different concentrations of cobalt ions by 

0.5% treated clay alone or in combination with P. rettgeri. 

Treated clay with 

 P. rettgeri 
Treated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

72.00 3.60 1.40 55.20 2.76 2.24 5 

70.00 7.00 3.00 49.00 4.90 5.10 10 

66.40 16.50 8.50 44.00 11.00 14.00 25 

60.00 30.00 20.00 35.00 17.50 33.00 50 

48.00 48.00 52.00 23.00 23.00 77.00 100 

33.30 50.00 100.00 13.33 20.00 130.00 150 

19.50 39.00 161.00 5.00 10.00 190.00 200 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. (17):  Adsorption of different concentrations of cobalt ions by 0.5% 

treated clay alone or in combination with P. rettgeri.  
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Table (21): Adsorption of different concentrations of cobalt ions by 

1.0% treated clay alone or in combination with P. rettgeri. 

Treated clay with 

 P. rettgeri 
Treated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

79.00 3.95 1.05 62.00 3.10 1.90 5 

75.00 7.50 2.50 57.00 5.70 4.30 10 

71.60 17.90 7.10 53.60 13.40 21.60 25 

63.00 31.50 18.50 42.00 21.00 29.00 50 

55.00 55.00 45.00 36.00 36.00 64.00 100 

36.55 54.70 95.30 16.65 25.00 125.00 150 

26.00 52.00 148.00 10.00 20.00 180.00 200 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Fig. (18): Adsorption of different concentrations of cobalt ions by 1.0% 

treated clay alone or in combination with P. rettgeri.  
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Table (22): Adsorption of different concentrations of cobalt ions by 

2.0% treated clay alone or in combination with P. rettgeri. 

Treated clay with 

 P. rettgeri 
Treated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

85.00 4.25 0.75 70.00 3.50 1.50 5 

80.00 8.00 2.00 63.00 6.30 3.70 10 

77.00 19.25 5.75 56.00 14.00 11.00 25 

68.00 34.00 16.00 55.00 27.50 22.50 50 

59.00 59.00 41.00 37.00 37.00 63.00 100 

46.66 70.00 80.00 22.00 33.00 117.00 150 

29.50 59.00 141.00 11.00 22.00 178.00 200 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. (19): Adsorption of different concentrations of cobalt ions by 2.0% 

treated clay alone or in combination with P. rettgeri.  
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5.3. Effect of clay as a natural adsorbent on copper ions (Cu
2+

) 

uptake 

Copper is an essential micro-nutrient for most, if not all, living 

organisms one of the most important functions of copper is their role in 

metalloenzymes. However, when the concentration of beneficial metal in 

the environment are excessively high, for instance, copper, can become 

toxic to these microorganisms and human.  

Removal of Cu
2+

 by using clay (untreated or treated) alone or in 

combination with P. rettgeri has been studied and the results are 

illustrated in Tables (23-28) and Figures (20-25).  

The ability of 0.5% untreated clay alone to uptake different 

concentrations of Cu
2+

 (25, 50, 100, 150, 200, 250 and 300 mg/L) was 

shown in Table (23) and Figure (20). These results show that as the 

percentage of Cu
2+

 uptake decreased with increasing its concentration. 

However the same trend has been showed in the case of 0.5% untreated 

clay combined with P. rettgeri. Also noted that combined treatment had 

more ability to remove Cu
2+ 

at all concentration than clay alone. 

When the level of clay become 1.0% as shown in Table (24) and 

Figure (21), the results cleared that the uptake by 1.0% untreated clay 

alone decreased as Cu
2+

 increased. But 1.0% untreated clay alone 

adsorbed more Cu
2+

 than that adsorbed by 0.5% untreated clay alone at 

the same concentrations of Cu
2+

. However 1.0% untreated clay combined 

with P. rettgeri removed more Cu
2+

 than 1.0% untreated clay alone. Also 

at 300 mg/L Cu
2+ 

the combined untreated clay removed 150mg/L from 

the broth medium (50%).  

By increasing the concentration of clay to 2.0% as shown in Table 

(25) and Figure (22), the uptake decreased with increasing Cu
2+

 

concentrations. Also 2.0% untreated clay combined with P. rettgeri could 

remove more Cu
2+

 than 2.0% untreated clay alone at all concentrations, 

and it cleared that the combined treatment have more ability to uptake 

Cu
2+

 at low concentration (92%) at 25 and 50 mg/L Cu
2+

. Comparing 
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1.0% untreated combined clay with 2.0% untreated combined clay, the 

results cleared that 2.0% untreated combined clay uptake more Cu
2+

 at all 

concentrations. 

 Generally, 2.0% untreated clay combined with P. rettgeri had the 

highest capacity for Cu
2+

 removal from the broth medium at all the Cu
2+

 

concentrations. The treated clay adsorbed Cu
2+ 

with the same manner as 

untreated clay alone at concentration 0.5% as indicated in Table (26) and 

Figure (23). The results revealed that 0.5% treated clay combined with P. 

rettgeri uptake more Cu
2+

 than 0.5% treated clay alone.  

And 0.5% treated combined clay remove more Cu
2+

 than 0.5% 

untreated combined clay. Raising the concentration of treated clay to 

1.0% was indicated in Table (27) and Figure (24). The results raveled that 

as Cu
2+ 

concentration increased the uptake decreased. However it cleared 

that the capacity of Cu
2+ 

uptake increased in case of combined treatment 

than treated clay alone at all concentrations of Cu
2+

. So the combined 

treatment has more ability to uptake Cu
2+

 than clay alone, it could remove 

185 mg/L of 300 mg/L Cu
2+

. These results indicated also that arising the 

concentrations of clay from 0.5% to 1.0% enhanced greatly the capacity 

of Cu
2+

 uptake by both clay alone or clay combined with P. rettgeri.  

By increasing the concentration of clay to 2.0% as shown in Table 

(28) and Figure (25), the results showed that as the level of clay increased 

from 1.0% to 2.0% the uptake of Cu
2+

 increased by both clay alone or 

clay combined with P. rettgeri. Also combined treatment enhanced the 

capacity of Cu
2+

 uptake, it could remove 230 mg/L of 300 mg/L.  

Generally, 2.0% treated clay combined with P. rettgeri had the 

highest capacity for Cu
2+ 

removal from the broth medium at all the Cu
2+

 

concentrations. Also, 2.0% treated clay combined with P. rettgeri gave 

the best results at all. So it is recommended to be used in Cu
2+

 removal 

from waste water.  

In agreement with the above results for Cu
2+

 biosorption, the 

following research results confirmed them. The uptake capacity of the 
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modified clay for nickel, copper and zinc did significantly increased 

(Vengris et al., 2001). 

Copper was adsorbed to natural clay in proportion ranging from 

94.6 to 96.0 % with an average of 95.1 % and its adsorption occurred 

rapidly in less than 30 min. organic contents of the clay substrate, 

evaluated as 17% of dry mass, may contribute and enhance copper 

adsorption. The results suggested that Cu ions form high-energy bonds 

with layer-silicate surfaces (Hassen et al., 2003). 

The maximum adsorption capacities in Langmuir isotherm for 

calcium alginate, calcium alginate + EPS, calcium alginate + C. luteola 

TEM05 and calcium alginate + EPS +  C. luteola TEM05 were 1.505, 

1.989, 1.976, 1.937 mmol/g dry weight for Cu(II) (Ozdemir et al.,2005). 

The sorption capacity of the resin (Bacillus subtilis immobilized on 

Amberlite XAD-4) was 0.0297mg g
-1

 for Cu
2+

 (Dogru et al., 2007). The 

recovery values of Bacillus thuringiensis israelensis loaded on Dowex 

optipore V-493 as a new adsorbent for Cu
2+

, Fe
3+

 and Zn
2+ 

are generally 

higher than 95% (Tuzen et al., 2008).  

Adsorption experiment indicated that clays contain more high 

copper affinity binding sites than that of bacteria (Chen et al., 2009).The 

poly(vinyl alcohol)(PVA)-immobilized fungal biosorbent removed Cu 

(II) and Cd (II) rapidly and efficiently with maximum metal removal 

capacities of 34.13 mg/g and 60.24 mg/g, respectively. These values of 

heavy metal uptake at equilibrium were higher than the amount of Cu (II) 

and Cd (II) removal by free biomass (17.60 mg/g and 69.44 mg/g, 

respectively) (Tsekova et al., 2010). 
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Table (23): Adsorption of different concentrations of copper ions by 

0.5% untreated clay only or in combination with P. rettgeri. 

 

Untreated clay with 

 P. rettgeri 
Untreated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

88.00 22.00 3.00 60.00 15.00 10.00 25 

86.00 43.00 7.00 50.00 25.00 25.00 50 

80.00 80.00 20.00 45.00 45.00 55.00 100 

60.00 90.00 60.00 40.00 60.00 90.00 150 

50.00 100.00 100.00 32.50 65.00 135.00 200 

44.00 110.00 140.00 28.00 70.00 180.00 250 

43.33 130.00 170.00 26.75 80.00 220.00 300 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. (20): Adsorption of different concentrations of copper ions by 0.5% 

untreated clay alone or in combination with P. rettgeri. 
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Table (24): Adsorption of different concentrations of copper ions by 

1.0% untreated clay only or in combination with P. rettgeri. 

Untreated clay with 

 P. rettgeri 
Untreated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

92.00 23.00 2.00 68.00 17.00 8.00 25 

90.00 45.00 5.00 66.00 33.00 10.00 50 

90.00 90.00 10.00 60.00 60.00 40.00 100 

73.33 110.00 40.00 53.33 80.00 60.00 150 

60.00 120.00 80.00 42.50 85.00 120.00 200 

52.00 130.00 120.00 36.00 90.00 160.00 250 

50.00 150.00 10.00 34.00 102.00 198.00 300 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. (21): Adsorption of different concentrations of copper ions by 1.0% 

untreated clay alone or in combination with P. rettgeri.  
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Table (25): Adsorption of different concentrations of copper ions by 

2.0% untreated clay alone or in combination with P. 

rettgeri. 

Untreated clay with 

 P. rettgeri 
Untreated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

92.00 23.00 2.00 72.00 18.00 7.00 25 

92.00 46.00 4.00 70.00 35.00 15.00 50 

90.00 90.00 10.00 65.00 65.00 35.00 100 

80.00 120.00 30.00 56.66 85.00 65.00 150 

71.50 143.00 57.00 47.75 95.50 104.50 200 

64.00 160.00 90.00 44.00 110.00 140.00 250 

61.65 185.00 115.00 43.33 130.00 170.00 300 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. (22): Adsorption of different concentrations of copper ions by 2.0% 

untreated clay alone or in combination with P. rettgeri.  
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Table (26): Adsorption of different concentrations of copper ions by 

0.5% treated clay only or in combination with P. rettgeri. 

Treated clay with 

 P. rettgeri 
Treated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

90.00 22.50 2.50 68.00 17.00 8.00 25 

86.00 43.00 7.00 67.00 33.50 16.50 50 

85.00 85.00 15.00 54.00 54.00 46.00 100 

63.33 95.00 55.00 48.65 73.00 77.00 150 

60.00 120.00 80.00 43.50 87.00 113.00 200 

52.20 130.50 119.50 39.60 99.00 151.00 250 

45.83 137.50 162.50 32.65 98.00 202.00 300 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fig. (23): Adsorption of different concentrations of copper ions by 0.5% 

treated clay alone or in combination with P. rettgeri.  
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Table (27): Adsorption of different concentrations of copper ions by 

1.0% treated clay alone or in combination with P. rettgeri. 

Treated clay with 

 P. rettgeri 
Treated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

92.00 23.00 2.00 74.00 18.50 6.50 25 

92.00 46.00 4.00 73.30 36.65 13.35 50 

90.00 90.00 10.00 69.00 69.00 31.00 100 

86.65 130.00 20.00 65.33 98.00 52.00 150 

77.50 155.00 45.00 64.50 129.00 71.00 200 

73.20 183.00 67.00 58.22 145.56 104.44 250 

61.65 185.00 115.00 51.00 153.00 147.00 300 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. (24): Adsorption of different concentrations of copper ions by 1.0% 

treated clay alone or in combination with P. rettgeri.  
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Table (28): Adsorption of different concentrations of copper ions by 

2.0% treated clay alone or in combination with P. rettgeri. 

Treated clay with 

 P. rettgeri 
Treated clay  alone 

Initial 

conc.  

(mg/L) 

Uptake 

(%) Uptake 

(mg/L) Residual 

conc.  

(mg/L) 
Uptake 

(%) 

Uptake 

(mg/L) 

Residual 

conc.  

(mg/L) 

95.20 23.80 1.20 80.00 20.00 5.00 25 

93.00 46.50 3.50 76.00 38.00 12.00 50 

91.00 91.00 9.00 73.00 73.00 37.00 100 

88.65 133.00 17.00 73.33 110.00 40.00 150 

85.00 170.00 30.00 69.50 139.00 61.00 200 

80.00 200.00 50.00 65.20 163.00 87.00 250 

76.65 230.00 70.00 58.33 175.00 125.00 300 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. (25): Adsorption of different concentrations of copper ions by 2.0% 

treated clay alone or in combination with P. rettgeri.  
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6.1. Effect of gamma irradiation on the survival of P. rettgeri 

Every microorganism has a special response for gamma radiation. 

As the dose of radiation increased, the viable count of P. rettgeri 

decreased as indicated in Table (29) and Figure (26). The viability had 

been reduced completely by 3.0 kGy. 3.0 kGy reduced the viability by 7.4 

log cycles of the viable count of P. rettgeri. As the dose of gamma 

irradiation increased the viability of P. rettgeri decreased gradually. This 

response is called dose response curve. P. rettgeri was sensitive to gamma 

radiation as most Gram negative bacteria. Gamma radiation affects 

protein finger printing and enzymes of bacterial cells (Abo-State and 

Khalil, 2001 and Abo-State et al., 2005). Pseudomonas oleovans as a 

Game negative bacterium was found to be sensitive to gamma radiation 

and 2.0 kGy reduced the viability by 5.6 log cycles (Abo-State et al., 

2006). The dose of 3.0 kGy completely reduced the viable count of 

isolates MAM-104, 106, 107, 108 and 109 of the Gram negative short 

rodes (Abo-State et al., 2006). 
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Table (29): Effect of gamma irradiation on the survival of P. rettgeri 

Dose (kGy) 
Total bacterial count 

(CFU / ml) 
Log N 

Control 3.00 x 10
7
 7.40 

0.50 1.00 x 10
6
 6.10 

1.00 7.00 x 10
4
 4.80 

1.50 8.00 x 10
3
 3.90 

2.00 3.00 x 10 
2
 2.40 

2.50 1.00 x 10
-1

 1.00 

3.00 -ve x 10
-1

 -ve 

Log N: Log of bacterial count  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (26): Effect of gamma irradiation on the survival of P. rettgeri. 
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6.2. Selecting mutants tolerate to higher concentrations of heavy   

       metals 

The results of growing colonies of P. rettgeri exposed to different 

doses of gamma radiation on LA plates supplemented with higher 

concentration of Al
3+

, Co
2+

 and Cu
2+

 to select mutants are indicated in 

table (30). The results revealed that doses 1.0, 2.0 and 2.5 kGy induced 

mutants that have the ability to tolerate more Al
3+

 than the parent strain 

(unirradiated control). The culture exposed to 1.0kgy had a good growth 

on Al
3+

 (550 mg/l) unfortunately, these irradiated colonies could not grow 

on higher concentration of Co
2+

 and Cu
2+

. It may be different to grow on 

these higher concentrations of Co
2+

 and Cu
2+

. El-Bestawy et al. (1998) 

found that Induction of mutation both physically or chemically resulted in 

mutants that were superior over their wild types in removing heavy metals 

under investigation. The highest removal efficiencies achieved were in the 

following order: Cd (89.9-100%), Cr (87.3-99.7%), Zn (47.7-100%), Cu 

(40.8-84.7%), Pb (40.2-51%), Fe (17.5-28), Ni (13.8-23.9%) and finally 

Co (17.2-18.4%) . In previous studies Abo-State et al. (2005 and 2006) 

found that the irradiated pseudomonas mutants tolerate higher 

concentration of cobalt and chloroaromatic compounds than that of the 

non irradiated controls.   
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Table (30): Effect of gamma irradiation on the ability of P. rettgeri to 

grow on higher concentrations of heavy metals. 

 

Dose (kGy) 

 

Growth of P. rettgeri exposed to gamma radiation on 

heavy metals  

Al
3+ 

(550 mg/L) 

Co
2+ 

(250 mg/L) 

Cu
2+ 

(350mg/L) 

Control -ve -ve -ve 

0.5  -ve -ve -ve 

1.0  +++ -ve -ve 

1.5  -ve -ve -ve 

2.0  ++ -ve -ve 

2.5  ++ -ve -ve 

  

  -ve: no growth                                                          ++: moderate growth                                                                           

 +++: good growth                                                                        
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7. Antibiotics susceptibility of P. rettgeri 

P. rettgeri was found to be resistant to 7 out of 15 antibiotics tested.  

P. rettgeri was resistant to Amoxicillin and clavaulanic acid, ceflazidime, 

chloramphenicol, cefuroxime, clindamycin, vancomyein and colistin as 

indicated in Table (31).  

Multiple antibiotic resistances shown by P. rettgeri might be 

associated with high degree of tolerance to different heavy metals. In 

several studies metal tolerance and antibiotic resistance have been 

reported (Ramteke, 1997, Hassen et al., 1998, Verma et al., 2001, 

Yilmaz, 2003 and Abskhron et al., 2010). 
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Table (31): Antibiotic susceptibility of P. rettgeri. 

Antibiotic discs (mg) 
Inhibition zone 

diameter (mm) 

(Amoxicilin & Clavulanic acid) AMC (30) -ve 

(Azithromycin) AZM (15) 35 

(Ceftazidime) CAZ (30) -ve 

(Chloramphenicol) C (30) -ve 

(Cefuroxime) CXM (30) -ve 

(Clindmycin) DA (2) -ve  

(Imipenem) IPM (10) 20 

(Gentamicin) CN (10) 15 

(Vancomycin) VA (30) -ve 

(Ofloxacin) OFX (5) 14 

(Clarithromycin) CLR (5) 35 

(Colistin) CT (10)                     
 

-ve 

(Ciprofloxacin) CIP (5) 18  

(Amikacin) AK (30) 20 

(Levofloxacin) LEV (5) 23 

 

-ve: resistant to antibiotic.  
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Summary 

 Twenty three isolates have been isolated from soil and waste water 

samples from Ismailia Canal.  

 These isolates were screened on five concentrations of each one of the 

three heavy metal used in this study.  

 The most resistant gram-negative Providencia rettgeri was able to 

grow on 500 mg/L Al
3+

, 48.0 mg/L Co
2+ 

and 377 mg/L Cu
2+

. 

 The ability of P. rettgeri to remove Al
3+

 from the broth medium 

ranging between 8.4 to 97.2%was dependent on the initial 

concentrations.  

 P. rettgeri could uptake 42.0 % mg/ L of Al
3+

 from 500 mg/L in the 

broth medium.  

 B. cereus ATCC 11778 removal capacity for Al
3+

 ranged between 

10.0 to 97.8 % depending on the initial concentrations.  

 B. cereus ATCC 11778 could uptake 50.0 mg/L Al
3+

 from 500 mg /L 

in the broth medium. 

 The removal capacity of P. rettgeri for Co
2+

 ranged between 29.5 – 

76.8 %.  

 P. rettgeri removed 59.0 mg/L Co
2+

 (29.5 %) from the broth medium.  

 B. cereus ATCC 11778 removal capacity of Co
2+

 from the broth 

medium varied between 34.1- 78.0 %.  

 B. cereus ATCC 11778 could uptake 68.3 mg/L Co
2+

 (34.1%). 

 The removal capacity of P. rettgeri for Cu
2+

 was between 0.7 to 

46.0%.  

 P. rettgeri can remove 2.0 mg/L Cu
2+

 (0.7 %) of 300 mg/L.  

 The percentage of Cu
2+ 

removal by B. cereus ATCC 11778 from the 

broth medium varied between 8.5 to 54.0 %.  
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 B. cereus ATCC 11778 removed 25.5 mg/L Cu
2+

 (8.5 %) from broth 

medium.  

  Clay was a highly efficient absorbent and could be used for heavy 

metals remediation.  

  Three levels of ( untreated and treated) clay were used in this study, 

0.5 %, 1.0 % and 2.0 %. 

  Removal capacities for Al
3+ 

by 0.5 %, 1.0 % and 2.0 % untreated clay 

alone ranged between 24.2 – 83.2 %,  55.8 – 80.0 % and 55.2 – 82.4 

%, respectively, while their removal capacity in combination with 

isolate P. rettgeri varied between 49.44 – 96.4 %,  88.8 – 98.1 % and 

92.1- 98.2 %, respectively. 

  While the abilities of 0.5 %, 1.0 % and 2,0 % treated clay alone to 

adsorb Al
3+ 

ranged between 22.4 – 67.0 %, 29.2 – 73.3 % and 18.4 – 

80.7 %, respectively, their abilities in combination with P. rettgeri 

changed between 44.0 - 92.1 %, 41.5 – 95.0 % and 24.0 – 96.5 %,  

respectively. 

  Adsorption of Co
2+

 by 0.5 %, 1.0 % and 2.0 % untreated clay alone 

ranged between 10.0 – 70.0 %, 15.0 – 74.0 % and 15.0- 80.0 %, 

respectively, while their adsorption capacities in case of combination 

with P. rettgeri varied between 25.0 – 80.0 %, 41.2 – 88.0 % and 47.6 

– 92.0 %,  respectively. 

 Uptaking capacities of Co
2+

 by 0.5 %, 1.0 % and 2.0 % treated clay 

alone ranged between 5.0 – 55.2 %, 10.0 – 62.0 % and 11.0 – 70.0 %, 

respectively, however these capacities for combination with P. 

rettgeri ranged between 19.5 – 72.0 %, 26.0 – 79.0 % and 29.5- 85.0 

%, respectively. 
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 The abilities of 0.5 %, 1.0 % and 2.0 % untreated clay alone to adsorb 

Cu
2+

 varied between 26.7 – 60.0 %, 34 – 68 % and 32.6 – 72 % , 

respectively, while these abilities in case of combination P. rettgeri 

were ranging between 43.3 – 88 %,  50 – 92.0 % and 61.6- 92.0 %, 

respectively. 

 Adsorption of Cu
2+

 by 0.5 %, 1.0 % and 2.0 % treated clay alone were 

ranged between 32.6 – 68 %, 51.0 – 74.0.0 % and 58.3- 80.0 %, 

respectively, while these adsorption capacities incase of combination 

with P. rettgeri changed between 45.8 – 90.0 %, 61.6- 92.0 % and 

76.6 – 95.2 %,  respectively. 

 Gram - negative P. rettgeri was sensitive to Gamma irradiation and 

3.0kGy reduced the viability by 7.4 log cycles of the viable count of 

P. rettgeri. The irradiated P. rettgeri mutants tolerated high 

concentration of Al
3+

 (550 mg/L). These mutants were induced from 

the exposure to 1.0, 2.0 and 2.5 KG y of Gamma irradiation, but The 

mutant which exposed to 1.0 kGy had a good growth on Al
3+

 (550 

mg/L) . 

 The Gram negative P. rettgeri was found to be resistant to seven 

antibiotics (Amoxicilin & Clavulanic acid, Ceftazidime, 

Chloramphenicol, Cefuroxime, Clindmycin, Vancomycin and 

Colistin) and exhibited susceptible response to the other eight 

antibiotics. Multiple antibiotic resistances shown by P. rettgeri might 

be associated with high degree of tolerance to different heavy metals. 
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 الملخص العربي
         

دراسة مقارنة إلزالة بعض العناصر الثقيلة من محاليل المخلفات  

 الموارد الطبيعية والبكتيريا  باستخدام بعض

 

إن الزيادة الكبيرة والمستمرة في تلوث البيئة بواسطة بعض العناصر الثقيلةة صصةبل ل ةا  -

ة بصةةة عاةةة ولقةم تةت اسةتخما  ئةوعلى البيتأثيراً خطيراً على صحة اإلنسان والحيوان والنبات 

 .الكائنات الحية المقيقة كمواد لمعالجة العناصر الثقيلة

 

تت في هذه المراسة عزل وتنقية ثالثة وعشرون عزله بكتيرية ةن ثالثة ةصةادر ةختلةةة  -

ةةةن ةيةةاه الصةةرا الصةةناعي الملوثةةة بالمعةةادن الثقيلةةة و قةةم عرعةةو هةةذه العةةز ت علةةى صوسةةا  

  ةة صةةلبة ةةةزودة بخمةةز تركيةةزات ةختلةةةة ةةةن كةةا عنصةةر ةةةن العناصةةر الثقيلةةة الثالثةةغذائيةة

 .الكوبلو والنحاس, لوةنيو  المستخمةة في هذه المراسة وهت األ

 

صثبتو النتائج صن صفضا كائن ةن الكائنات الثالثةة وعشةرون  المعزولةة فةي هةذه المراسةة  -

 هالثقيلةة هةو الكةائن المعةزول ةةن عينةة ةيةا يستطيع صن ينمةو علةى تركيةزات عاليةة ةةن المعةادن

لتةةر ةةةن / ةلليجةةرا  055وقةةم تمكةةن هةةذا  الكةةائن ةةةن تحمةةا تركيةةزات   ةالصةةرا لمصةةنع الشةةب

 .لتر ةن النحاس/ ةلليجرا  733لتر ةن الكوبلو و / ةلليجرا  84لوةنيو  و األ

 Providencia rettgeri) بروفمنشةةيا ريتجةةر ) تةةت تقيةةيت قةةمرة الكةةائن المعةةزول  -

( Bacillus cereus ATCC 11778باسةيليز سةيريز  (جةرا الالكةائن الموبة  بالمقارنةة ب

 .ةتصاص وتراكت ثالثة  ةن صيونات العناصر الثقيلة وذلك في األوسا  السائلة المستخمةةاعلى 

 

خذ هذا العنصةر سةوا  صلوةنيو  قلو القمرة على صثبتو النتائج صنه كلما عادت تركيزات األ -

ريةةا باسةةيليز يو كةةذلك بكت Providencia rettgeri  ريةةا بروفمنشةةيا ريتجةةر يلةةة البكتفةةى  ا

وقةم وبةم صنةه فةي  الةة اسةتخما  بروفمنشةيا Bacillus cereus ATCC 11778  سةيريز

لوةنيةةو  ةةةن الوسةةئ السةةائا خةةذ لعنصةةر األتكةةون نسةةبة األ Providencia rettgeri ريتجةر 

  82.5 خةةةذ  ةةةواليصوهةةةذا يعنةةةي صن هةةةذا الكةةةائن % 73.2إلةةةى 4.8المسةةةتخم  تتةةةراوي ةةةةا بةةةين 

صةةةا فةةي  الةةة باسةةيليز سةةريز . لتةةر/ ةلليجةةرا  055لوةنيةةو  ةةةن ةقةةمار لتةةر ةةةن األ/ ةلليجةةرا 

Bacillus cereus ATCC 11778 وبةذلك % 73.4إلةى 05.5 خةذ ةةا بةين تتةراوي نسةبة األ

 .لتر/ ةلليجرا  055نيو   ةن لوةلتر ةن األ/ ةلليجرا  05.5خذ  والي   صيكون هذا الكائن قم 
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خةذ هةذا العنصةر فةي  الةة صوفي  الة العنصر الثاني الكوبلو فقم صثبتو النتةائج صن نسةبة  -

% 4..3إلةى 27.0  تتةراوي ةةا بةين  Providencia rettgeri اسةتخما  بروفمنشةيا ريتجةر  

 .ائا المسةتخم ةةن الوسةئ السة%( 27.0) لتر ةن الكوبلو/ ةلليجرا  07.5وقم تت إعالة  والي 

فكانةو قةمرة   Bacillus cereus ATCC 11778صةةا فةي  الةة اسةتخما  باسةيليز سةيريز 

 ية   Providencia rettgeri  خذ صعلى ةن ا خةذ فةي  الةة اسةتخما   بروفمنشةيا ريتجةر األ

 Bacillus cereus ATCC 11778 صن نسةبةاخذ الكوبلةو فةي  الةة باسةيليز سةيريز 

لتر ةن الكوبلو بمةا / ةلليجرا  4.7. ي  تت إةتصاص  والي % 34.5 - 78.0تتراوي ةا بين 

 % .78.0يعادل  والي  

وقم وبم في  الة دراسة العنصةر الثالة  وهوالنحةاس صنةه كلمةا عادت تركيةزات النحةاس  -

الثنائى في الوسئ السائا المستخم  قلو نسبة األخذ  وبذلك يتضل ةن صن نسبة األخةذ  فةي  الةة 

وقةم % 5..8إلةى  5.3تتراوي ةا بةين  Providencia rettgeri  وفمنشيا ريتجر استخما  بر

لتر صةا في  الة اسةتخما  / ةلليجرا   755ةن  %(5.3) لتر ةن النحاس/ ةلليجرا 2.5 عالة إتت 

 4.0فنسةبة األخةذ  تراو ةو ةةا بةين    Bacillus cereus ATCC 11778باسيليز سيريز 

   .%4.0 لتر ةن النحاس بما يعادل  والى/ةلليجرا   20.5لى   ي  تت اعالة   وا% 08.5إلى 

 

وص ةم المصةادر ال اةةة فةي  يعم الطمى ةن  المواد  بيعية رخيصة الثمن وةتوافرة بكثرة -

دةصةةاص المعةةادن وةعالجةةة الميةةاه الملوثةةة بالمعةةادن الثقيلةةة الناتجةةة عةةن الصةةرا الصةةحي ا

و المعالج صةن الطمى الطبيعى %( 2.5و 0.5  ,5.0)والصناعي ولذلك تت إختيار ثالثة تركيزات 

ةتصاص تركيزات ةختلةة ةن كةا عنصةر ةةن العناصةر اكيميائيا وذلك لمعرفة ةم  قمرت ت على 

الثقيلةالثالثةةه المسةةتخمةة فةةي هةةذه المراسةةة سةةوا  ةنةةةردا صو ةجتمعةةا ةةةع السةةاللة البكتيريةةة 

 .المعزولة سالبة الجرا 

علةةةةى %(   2.5و 0.5 ,5.0) لطبيعةةةةى لثالثةةةةة تركيةةةةزاتوقةةةةم وبةةةةم صن قةةةةمرة الطمةةةةى ا -

و % 47.2 الةةى  28.2ةتصةةاص تركيةةزات ةختلةةةة ةةةن صيونةةات ا لوةنيةةو  كانةةو تتةةراوي بةةين دا

علةةى التةةوالي وهةةذه القةةمرة فةةي  الةةة إ ةةافة العزلةةة % 42.8الةةى  00.2و % 45.5الةةى  00.4

الةةى  87.8راو ةةو ةةةا بةةين إلةةي ت ت Providencia rettgeri  البكتيريةةة بروفمنشةةيا ريتجةةر 

  .على التوالي% 74.2الى 72.0و % 74.0الى 44.4و % 8..7

ةتصةاص دعلةى ا  %(2.5و 0.5 ,5.0) بينمةا كانةو قةمرة الطمةى المعةالج لثالثةة تركيةزات -     

الةةى  27.2و % 3.5.الةةى  22.8 لوةنيةةو  تراو ةةو ةةةا بةةينتركيةةزات ةختلةةةة ةةةن صيونةةات األ

البكتيريةةة  لةةى التةةوالي وهةةذه القةةمرة فةةي  الةةة إ ةةافة العزلةةةع% 45.3الةةى  04.8و % 37.7
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% 72.0إلةى  88.5إلي ت كانو تتةراوي ةةا بةين  Providencia rettgeri  بروفمنشيا ريتجر 

 .على التوالي% 0..7إلى  28.5و % 70.2إلى  80.0و 

 

و 0.5 ,5.0) بواسةطة ثالثةة تركيةزات  ةةتصةاص صيونةات الكوبلةو الثنائيةادوقم وبةم صن  -

و % 38.5الةى  00.5و % 35.5الى  05.5ةن الطمى الطبيعى كانو تتراوي ةا بين    %(2.5

  البكتيريةةة بروفمنشةةيا ريتجةةر علةةى التةةوالي وفةةي  الةةة إ ةةافة العزلةةة % 45.5الةةى  00.5

Providencia rettgeri  الةةةى 80.2و % 45.5الةةةى  20.5تراو ةةةو هةةةذه  النسةةةبة ةةةةا بةةةين

 .التوالي  على% 72.5الى  ..83و % 44.5

لطمةى  %(2.5و 0.5 ,5.0) ويتضل ةن نتةائج المراسةة صيضةاً صن قةمرة الثالثةة تركيةزات -

 05.5و % 00.2إلةةى  0.5ةتصةةاص عنصةةر الكوبلةةو  كانةةو تتةةراوي ةةةا بةةين دالمعةةالج علةةى ا

البكتيريةةةة علةةةى التةةةوالي بينمةةةا فةةةي  الةةةة إ ةةةافة العزلةةةة % 35.5إلةةةى  00.5و % 2.5.إلةةةى

 5..2و% 32.5إلةى  07.0فتراو ةو ةةا بةين  Providencia rettgeri  بروفمنشةيا ريتجةر 

 .على التوالي% 40.5إلى  27.0و % 37.5إلى 

 

و 0.5 ,5.0)وقم صو حو النتائج ايضا  صن قمرة الطمى الطبيعى بالنسبه لثالثة تركيةزات  -

الةةى 78.5و % 5.5.إلةةى 5..2ةتصةةاص صيونةةات النحةةاس تراو ةةو ةةةا بةةين دعلةةى ا  %(2.5

البكتيريةة على التوالي بينما هذه القمرة فةي  الةة إ ةافة العزلةة % 32.5إلى  87.7و % 4.5.

 05.5و % 44.5الةى  87.7تراو ةو ةةا  بةين  Providencia rettgeri  بروفمنشةيا ريتجةر 

 .على التوالي% 72.5الى ..0.و % 72.5الى 

 

و 0.5 ,5.0)وقةةم وبةةم صيضةةاً إن إةتصةةاص صيونةةات النحةةاس  بواسةةطة ثالثةةة تركيةةزات  -

و % 38.5الةى  00.5و % 4.5.الةى  ..72ةن الطمى المعالج كانو  تتراوي ةةا بةين  %(2.5

 البكتيريةة بروفمنشةةيا ريتجةر و ةين ص ةيةو إلةةي ت العزلةة . علةى التةةوالي% 45.5الةى  04.7

Providencia rettgeri  0.و % 75.5إلةى  80.4وكانو قمرة اإلةتصاص تتراوي ةا بةين.. 

 .على التوالي % 70.2إلى  ...3و % 72.5إلى 

  Providencia البكتيريةة بروفمنشةيا ريتجةر العزلةة تت دراسة تأثير صشعة باةا على  -

rettgeri  دورات  3.8كيلةةةو بةةةرا  عملةةةو علةةةى خةةةةض العةةةم الحيةةةو  بمقةةةمار  7ووبةةةم صن

  .لوغارتمية
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 Providencia rettgeri البكتيريةةة بروفمنشةةيا ريتجةةر العزلةةة اسةةتطاعو  ةةةرة  -

/ ةلليجةرا 005لوةنيةو  كيلةو بةرا  صن ينمةو علةى األ 2.0و 2.5 ,0.5المعرض ألشعة باةا عنةم

 .لتر

 Providencia rettgeri   بروفمنشةيا ريتجةر  العزلةة البكتيريةةوصخيراً في تجربةة  ساسةية  -

 للمضادات الحيوية وبم صن هذا الكةائن ةقةاو  لسةبعة ةةن المضةادات الحيويةة وهةذا الكةائن صيضةا 

وةةن هنةا يتضةل صن هنةاق عالقةة . له  ساسية لثمانية ةن المضةادات الحيويةة التةى تةت اختبارهةا

بروفمنشةيا العزلةة البكتيريةة بين ةقاوةةة المضةادات الحيويةة وةقاوةةة المعةادن الثقيلةة بالنسةبة 

  Providencia rettgeri .ريتجر 

 Providencia ر البكتيريةةة بروفمنشةةيا ريتجةةالعزلةةة توصةةي المراسةةة بدسةةتخما   -

rettgeri  عالةةة هةةذه المعةةادن ةةةن ةيةةاه إةتصةةاص المعةةادن الثقيلةةة لتقليةةا صو ادفةةي ةعالجةةة صو

 Bacillus cereus باسةيليز سةيريزوكةذلك العزلةة النموذبيةة  ىالصرا الصةحي والصةناع

ATCC 11778   ةةافة الطمةى وخاصةةة إن صكمةا .للحصةةول علةى بيئةة صةةحية نةنةة ون يةةةة 

 .ة العز ت يزيم ةن قمرت ا على اةتصاص المزيم ةن العناصر الثقيلةلى هذإالطبيعى 
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 جامعة سوهاج

 ــــومــكلية العلـ

 
 ماجســـــــــتيررســـالة 

 

  مم  السيم ا مم علي : ـــــالـت الطـصســ
دراسة مقارنة إلزالة بعض العناصر الثقيلة من محاليل المخلفات  :الةــعنوان الرسـ

 باستخدام بعض الموارد الطبيعية والبكتيريا

 .(نبات) ةابســتير: ةـــــــــصسـت المرب
 

  -:ـرااـلجنة اإلشـــــ

 ابوبكر عبم المنعت رةضان.د.ص
المركز القوةى لألةان  –ب يئة الطاقة الذرية  صستاذ

 هيئة الطاقة الذرية -ا شعاعيةوالرقابة النووى

 ةجم  عبم السميع ابو غربيه. د. .ص
باةعة  -كلية العلو  -صستاذ الميكروبيولوبيا المساعم

 سوهاج

 على السيم على ابو عاةر. د
 باةعة سوهاج –كلية العلو   -صستاذ الميكروبيولوبيا الجزيئية المساعم

 -:لجنة فحص وتقيت الرســــالة
 ةحمم عبم الوهابص مم . د.ص  -0

 جامعة أسيوط –كلية العلوم  –استاذ البكتيريولوجى       

 صساةة ةحمم عبم الرؤوا. د.ص  - 2

 جامعة األزهر فرع أسيوط –عميد كلية العلوم بأسيوط  –أستاذ البكتيريولوجى       

 ةجم  عبم السميع صبو غربيه. د. .ص  - 7

 جامعة سوهاج –ية العلوم كل –أستاذ البكتيريولوجى المساعد        

 

   2505  /  02  / 2  : المناقشةتاريخ 

- :المراســات العليــــــا

                       صبيزت الرسالة بتاريخ      ختت اإلباعة                                

                                                             /     /   2500       

 ةوافقة ةجلز الكلية                         ةوافقة ةجلز الجاةعة
 

/     /   2500                                            
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  جامعة سوهاج  

 ــــومــكلية العلـ

 

 ة العنـوانـصةح
          

 

 :ـال ــــاســـــت الطــ   مم  السيم ا مم علي

 :مربــــة العلميـــةال (نبات) ةابستير

 :لــــهالقســـت التابع  النباتقســت 

 :ـــةـــــاســــت الكليــ  كلية العلـو 

 :ــــةــــــــالجاةعــــــ سوهاجباةعة 

 :ـــرجــــسنــة التخــ  2558

 :ــــلـــــسنــة المنـــ  2500
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 جامعة سوهاج

 كلية العلـــــوم

 

 

راسة مقارنة إلزالة بعض العناصر الثقيلة من محاليل المخلفات د

 باستخدام بعض الموارد الطبيعية والبكتيريا

 

 رسالة ةقمةة إلى

 

  قست النبات -كلية العلو   

 (نبات)إلستيةا  الحصول على دربة المابستيرفي العلو  

 
 مقدمة من

 حمدي السيد احمد علي
 

(2558 يولوبيكيميا  وةيكروب)علو   سبكالوريو ) 

 

 
 


