
 
TThhiirrdd  IInntteerrnnaattiioonnaall  CCoonnffeerreennccee  oonn  

RRaaddiiaattiioonn  SScciieenncceess  aanndd  AApppplliiccaattiioonnss 
12 – 16 November 2012/ Hurghada, Egypt 

 

Removal of Aluminum, Cobalt and Copper by Providencia 
rettgeri isolated from wastewater of Ismailia Canal 
Mervat Abo-State(1), Abou Bakr Ramadan(2), Aly El-Sayed Abo-Amer(3),   
Magdy Abdel-Samie abu-Ghabia(3), Hamdy El-Sayed Ahmed(3) 

(1)National Center for Radiation Research and Technology 
(2)National Center of Nuclear Safety and Radiation Control 
(3)Faculty of Science, SohagUniversity 

ABSTRACT 
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 Al3+ increased the ability of P. rettgeri to uptake Al3+ 
decreased. P. rettgeri could remove 97.2% of Al3+ from 25 mg/L. Bacillus 
cereus ATCC 11778 (American Type Culture Collection, U.S.A) gave the same 
trend for Al3+ uptake but P. rettgeri was more tolerant to Al3+ than B. cereus 
ATCC 11778.With increasing Co2+ concentration, abilities of P. rettgeri and B. 
cereus ATCC 11778 to uptake decreased. P. rettgeri could uptake 59 mg/L Co2+ 

from 200 mg/L (29.5%), while B. cereus ATCC 11778 uptake 68.3mg/L 
(34.1%). Also, as the concentration of Cu2+ increased the abilities of P.  rettgeri 
and B. cereus ATCC 11778 to uptake Cu2+ decreased. P. rettgeri removed 
11.5mg/LCu2+ 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 Al3+ from 500 mg/L 
(94.4%), 82.4 mg/L Co2+ from 200 mg/L (41.2%) and 150 mg/L Cu2+ from 300 
mg/L (50%). However, 1.0 % treated clay combined with P. rettgeri adsorbed 
207.8 mg/L Al3+from 500 mg/L (41.5%), 52.0 mg/L Co2+ from 200 mg/L 
(26.0%) and 185 mg/L Cu2+ 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 Al3+ than the 
parent strain. 
Key words: P. rettgeri, heavy metals, clay and gamma radiation. 
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1- INTRODUCTION  

Recently, water as an essential resource for  all living organisms , 
confront a high risk that caused by the release of heavy metals from industrial 
wastes to water streams and rivers (Hawari and Mulligam, 2006 ,Gil et al., 
2007, Rekha et al., 2007 and Abskharon et al., 2008). 

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). 

There have been several studies that indicate a relationship between 
Alzheimer's disease frequency and aluminum in drinking water (Neri and 
Hewitt, 1991, Jacqmin-Gadda et al., 1996 and Perl and moalem, 2006). 
Exposure to cobalt can give rise to adverse health effects which can increase to 
be carcinogenic (Lauwerys and Lison, 1994, Rengaraj and moon, 2002, De 
Boeck et al., 2003 and Nagpal, 2004). Continued inhalation of copper-
containing spray is linked with an increase in lung cancer among exposed 
workers (Yu et al., 2000). So, realistic science approach has been directed 
towards the biosorption using biosorbents (i.e. living or dead bacterial biomass, 
or other low cost biomaterials) has considered as a world wide driven research 
in the field of water clean up technologies (Abskharon et al., 2008 and 2010, 
Gabr et al., 2008 and Oh  et al, 2009 ).  

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) interacellular uptake of metal ions and (3) chemical transformation 
of metal ions by microorganisms (Pardo et al., 2003). Non-Living biomass is 
involved in removal of metals though adsorption and ion exchange (Volesky, 
1990). Biosorption, in fact, is a passive biosorption of metal by biomass. 

Bioaccumulation is an interacellular metal accumulation by Living 
cells, and so called active biosorption (Pardo et al., 2003).  

Uptake of heavy metals by living cells means both the active and 
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passive biosorption (Gabr et al., 2008). 

Providence rettgeri is Gram-negative bacilli resides in water. The living 
biomass has been found in industrial waste waters polluted with heavy metals. 

The objective of this study is to isolate bacterial strain from waters 
polluted with heavy metal industrial wastes. And determine the ability of this 
strain to remove high concentration of heavy metals from aqueous solution to be 
used in the future for biosorption technology. 

2- MATERIALS AND METHODS 

2.1. Sampling sites 

Sampling from polluted sites on Ismailia Canal, Egypt at Abu Zabal 
Factory (fertilizer factory), Elshaba factory (Aluminum sulfate factory) and Oil-
pipes Company (petrochemical materials).  as indicated in Figure (1). 

 
Fig. (1): Sampling sites on the Ismailia Canal 

2.2. Sampling  

Six water and soil samples were collected from the three contaminated 
sites as indicated in Figure (1). Water samples were collected in clean sterile 
screw cap bottles at depth 50 cm. 

Clean sterile plastic bags were used for collecting soil samples from the 
banks has of the Canal. 

2.3. Solution  

The polluted samples were serially diluted plated on L.A medium 
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(Trypton 10.0 g/L, yeast extract, 5.0 g/L, sodium chloride, 5.0 g/L and Agar, 
20.0 g/L). Separate single colonies were picked up for further investigation.  

2.4. Screening for the ability to tolerate heavy metals 

The isolated bacterial strains were streaked on L.A plates containing 
five different concentration of Al3+, Co2+ or Cu2+ used in this study. The growth 
was checked every day till 3 days at 30oC. 

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 

Water 3 × 10 4 
MAM-B14 
MAM-B15 

Abu-Zabal factory 
Soil 2.3 × 10 6 MAM-B22 

MAM-B23 

Water 3 × 10 5 

MAM-B4 
MAM-B18 
MAM-B19 
MAM-B20 
MAM-B21 

El-Shaaba factory 

Soil 3 × 10 6 

MAM-B9 
MAM-B10 
MAM-B11 
MAM-B12 
MAM-B16 

Water 1 × 10 5 MAM-B13 
MAM-B17 

Oil-pipes Company 
Soil 1.4 × 10 6 

MAM-B1 
MAM-B2 
MAM-B3 
MAM-B5 
MAM-B6 
MAM-B7 
MAM-B8 

2.5. Bacterial strains 

Two bacterial strains were used in this study. The first one isolated from 
industrial waste water as indicated in Table (1) this isolate (MAM-4) is the most 
resistant heavy metal strain. The second was standard strain of B. cereus ATCC 
11778(American type culture collection, USA).  

2.6. Biosorption of heavy metal by the most resistant isolate P. rettgeri and 
Bacillus cereus ATCC 11778    

These bacterial strains were used to inoculate (10%) L.B broth media 
containing different concentration of Aluminum chloride anhydrous (Al Cl3), 
cobalt nitrate (Co (NO3)3 6H2O) and capper sulfate (Cu SO4. 5H2O).  
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The inoculated broth media were incubated at 30 oC for 48 hours in a 
shaking incubator at 2000 rpm.  After that, 10 ml from each culture was 
centrifuged at 8000rpm for is min. The supernatants were carefully transfered to 
clean, dry vials washed with deionized water. The residual of heavy metals in 
the supernatants were determined using Atomic Adsorption Spectro photometer 
(AAS) and Inductivity coupled Plasma (ICP), Perkin-Elemer Emission 
spectrometer plasma 400, Japan. 

2.7. Clay as a natural adsorbent for heavy metals  

Effect of clay natural (untreated) according to Espantaleon et al. (2003) 
as a cheap adsorbent were used in three levels (0.5, 1.0 and 2.0 %) only or 
combined with P. rettgeri to adsorpe different concentrations of heavy metals 
from liquid media. After 48 hours incubation at 30oC in a shaking incubator at 
200rpm, the liquid media were centrifuged and the supernatant were used to 
determine the residual heavy metals as previously mentioned. 

2.8. Effect of gamma radiation on the viability of P. rettgeri 

According to Abostate et al.  (2005) bacterial cells suspended in sterile 
saline (0.85%) were exposed to different doses of gamma rays from Indian 
gamma cell(Co- 60) located at National Center for Radiation Research and 
Technology ( NCRRT) Nasr city , Cairo, Egypt. The dose rate was 1 KGy/12.5 
minutes. The bacterial cultures were exposed to doses (0, 0.5, 1.0, 1.5, 2.0, 2.5, 
3.0, 4.0 and 5.0) and 6.0 KGy.The non irradiated (control) and irradiated 
cultures were serially diluted and plated on L.B agar plates to determine the 
dose response curve of P. rettgeri. 

2.9. Selection of mutant    

According to Abo-state et al. (2006) the irradiated and non irradiated 
culture were spreaded on the surface of L.A plates supplemented with higher 
heavy metals concentrations to select mutants have higher abilities to tolerate 
more heavy metals . 

2.10. Susceptibility of P. rettgeri to different antibiotics 

The susceptibility of P. rettgeri to 15 antibiotics was tested by the disc 
diffusion method (Bauer et al,. 1966).These antibiotics discs were (IPM) 
Imipenem (10mg), (VA) Vancomycin (30mg), (OFX) Ofloxacin (5mg),  (CAZ) 
Ceftazidime (30mg),  (CXM) Cefuroxime (30mg) , (C) Chloramphenicol 
(30mg), (AMC) Amoxicilin (20mg) + Clavulanic acid (10mg),  (CT) Colistin 
(10mg),  (CN) Gentamicin (10mg), (AZM) Azithromycin (15mg),  (DA) 
Clindmycin (2mg),  (CIP) Ciprofloxacin (5mg) (CLR) Ciprofloxacin (15mg), 
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(LEV) Levofloxacin (5mg) and (AK) Amikacin (30mg) from Bioamal, Ankera, 
Turky. 

3- RESULTS AND DISCUSSION  

3.1. Isolation of bacteria from samples contaminated with heavy metals. 

Twenty three isolates have been isolated from soil and wastewater 
samples streaked on L.A slants to be stored at 4 oC for further investigation. 

3.2. 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 Al3+ concentrations used as indicated in Table (2). 
Three isolates were able to grow on 500 mg/l Al3+. Also, these bacterial isolates 
could not grow on four of the five Co2+ concentrations used in this study. Nine 
isolates survived on 100mg/L Co2+ Table (3). On the other hand, these bacterial 
isolates were able to grow on four of the five Cu2+ concentrations used Table 
(4). strains "MAM-4", "MAM-11" and "MAM-12" were the only isolates able 
to grow on 377 mg/L Cu2+. 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.  

The above results was confirmed by result of Hussein et al., 2005, 
Abskharon et al., 2008, Poirier et al., 2008 and velasquez and Dussan (2009). 
They evaluated the tolerance of different bacterial strains to different 
concentrations of heavy metals. 

3.3. 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 (Al3+).  

Growth of isolates on different concentrations of aluminum (Al3+) 

Isolates  
(500) 
mg/L 

 
(1850) 
mg/L 

 
(3375) 
mg/L 

 
(6750) 
mg/L 

 
(10125) 
mg/L 

“MAM-1” - - - - - 
“MAM-2” - - - - - 
“MAM-3” - - - - - 
“MAM-4” ++++ - - - - 
“MAM-5” - - - - - 
“MAM-6” - - - - - 
“MAM-7” - - - - - 
“MAM-8” - - - - - 
“MAM-9” - - - - - 
“MAM-10” ++++ - - - - 
“MAM-11” ++++ - - - - 
“MAM-12” - - - - - 
“MAM-13” - - - - - 
“MAM-14” - - - - - 
“MAM-15” - - - - - 
“MAM-16” - - - - - 
“MAM-17” - - - - - 
“MAM-18” - - - - - 
“MAM-19” - - - - - 
“MAM-20” - - - - - 
“MAM-21” - - - - - 
“MAM-22” - - - - - 
“MAM-23” - - - - - 

B. cereus ATCC 1178 
Standard strain)( 

++++ - - - - 

      -: no growth                                              +++: good growth  
      +: weak growth                                        ++++: very good growth  
        ++: moderate growth                            +++++: Excellent   
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Table (3): Growth of different isolates on different concentrations of cobalt ions 
(Co2+).  

Growth of isolates on different concentrations of cobalt (Co2+) 
Isolates 

(100) 
mg/L 

(965) 
mg/L 

(1930) 
mg/L 

(2895) 
mg/L 

(4825) 
mg/L 

“MAM-1” - - - - - 
“MAM-2” - - - - - 
“MAM-3” - - - - - 
“MAM-4” ++++ - - - - 
“MAM-5” +++++ - - - - 
“MAM-6” - - - - - 
“MAM-7” - - - - - 
“MAM-8” - - - - - 
“MAM-9” - - - - - 
“MAM-10” +++ - - - - 
“MAM-11” ++++ - - - - 
“MAM-12” ++++ - - - - 
“MAM-13” ++ - - - - 
“MAM-14” +++++ - - - - 
“MAM-15” - - - - - 
“MAM-16” +++++ - - - - 
“MAM-17” - - - - - 
“MAM-18” - - - - - 
“MAM-19” - - - - - 
“MAM-20” - - - - - 
“MAM-21” - - - - - 
“MAM-22” ++++ - - - - 
“MAM-23” - - - - - 

B. cereus ATCC 1178 
Standard strain)( 

++++ - - - - 

      -: no growth                                              +++: good growth  
      +: weak growth                                        ++++: very good growth  
        ++: moderate growth                            +++++: Excellent   
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Table (4): Growth of different isolates on different concentrations of copper ions 
(Cu2+).  

Growth of isolates on different concentrations of copper (Cu2+) 

Isolates 
(25) 

mg/L 
(127) 
mg/L 

(253) 
mg/L 

(377) 
mg/L 

(743) 
mg/L 

“MAM-1” +++++ + - - - 
“MAM-2” +++++ - - - - 
“MAM-3” +++++ +++++ ++ - - 
“MAM-4” +++++ +++++ ++++ +++ - 
“MAM-5” +++++ +++ - - - 
“MAM-6” +++++ ++++ - - - 
“MAM-7” +++++ +++ - - - 
“MAM-8” +++++ +++ - - - 
“MAM-9” +++++ +++ - - - 

“MAM-10” +++++ +++++ ++++ - - 
“MAM-11” +++++ +++++ ++++ +++ - 
“MAM-12” +++++ +++++ +++++ ++++ - 
“MAM-13” +++++ ++++ - - - 
“MAM-14” +++++ ++++ - - - 
“MAM-15” +++++ ++++ - - - 
“MAM-16” +++++ +++ - - - 
“MAM-17” +++++ ++ - - - 
“MAM-18” +++++ +++ - - - 
“MAM-19” +++++ +++++ - - - 
“MAM-20” +++++ +++++ - - - 
“MAM-21” +++++ +++++ - - - 
“MAM-22” +++++ +++++ - - - 
“MAM-23” +++++ +++++ +++ - - 

B. cereus ATCC 1178 
Standard strain)( 

+++++ +++++ +++ - - 

      -: no growth                                              +++: good growth  
      +: weak growth                                        ++++: very good growth  
        ++: moderate growth                            +++++: Excellent   

3.4. Biosorption of aluminum ions (Al3+) by P. rettgeri and B. cereus ATCC 
11778 

The ability of P. rettgeri to uptake Al3+ at different concentrations of 
(25, 50,100, 200, 300, 400, and 500mg/L) is shown in Figure (2). These results 
show that the percentage of Al3+ uptake decreased gradually with increasing the 
concentration of Al3+ 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 Al3+ decreased with 
increasing its concentration as shown in Figure (3). The results revealed that P. 
rettgeri was more tolerant to Al3+ till 200mg/L. It could uptake 173mg/L while 
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B. cereus ATCC 11778 uptake 47mg/L from the same concentration. 

Little work has been done on biosorption of Al3+. This is the most 
important reason for studying the biosorption of Al3+ to participate in covering 
this area of research. Al3+ is environmental pollutant frequently found in 
industrial wastewater. Optimum adsorption pH value of Al3+ was 5.0 by 
Chryseomonas Luteola TEM05. The maximum adsorption capacity was 
55.2mgg-1 for Al3+ (Ozdemir and Baysal, 2004). 

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

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

ATCC 11778. 

3.5. Biosorption of cobalt ions (Co2+) by P. rettgeri and B. cereus ATCC 11778 

Cobalt (Co2+) is toxic heavy metals. The ability of P. rettgeri to uptake 
Co2+ at concentrations (5, 10, 25, 50, 100, 150 and 200mg/L) is shown in Figure 
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(4). It is clear that, as the concentrations of Co2+ increased, the uptake 
decreased. P. rettgeri could uptake 59mg/L Co2+ from 200gm/L in the broth 
medium (29.5%). However in case of B. cereus, as the concentrations of cobalt 
(Co2+) increased, the uptake of Co2+ decreased Figure (5). The previous results 
revealed that B. cereus ATCC 11778 was able to uptake Co2+ more than P. 
rettgeri. B. Cereus ATCC 11778 removed 68.3mg/L from 200 mg/L Co2+ 
(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 Co2+ biosorption some researches in 
agreement with the previous results of this work and some were higher or 
lower.Co2+ removal (90 %) by a Co2+-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).  

 
Fig. (4): Biosorption of different concentration of cobalt ions by P. rettgeri. 
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Fig. (5): Biosorption of different concentration of Cobalt ions by B. cereus ATCC 

11778. 

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 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 Fe3+ >Cr3+ >Co2+ >Cu2+ 
>Zn2+ >Cd2+ >Ag+ >Pb2+. It reduced the concentration of Fe3+ (91.31%), Cr3+ 
(80.80%), Co2+ (79.71%), Cu2+ (57.14%), Zn2+ (55.14%), Cd2+ (49.02%), Ag+ 
(43.25%) and Pb2+ (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 Fe3+ >Cr3+ >Cd2+ >Pb2+ >Cu2+ >Co2+ >Zn2+ >Ag+ and 
concentrations were reduced up to 43.94% for Fe3+, 39.2% for Cr3+, 35.88% for 
Cd2+, 18.22% for Pb2+, 13.03% for Cu2+, 11.43% for Co2+ , 9.02% for Zn2+ and 
7.65% for Ag+ within 120 min (Chatterjee et al., 2010).Sulphate reducing 
bacteria (SRB) have a higher binding capacity for Co2+ (qmax = 204.1 mg g_1) 
(Ngwenya and Chirwa, 2010). 
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3.6. Biosorption of copper ions by P. rettgeri and B. cereus ATCC 11778 

Copper ions (Cu2+) are considered essential metal for the activities of 
many enzymes but at low concentrations. As the level of Cu2+ increased it 
becomes toxic to the living cells (Cabrera et al., 2006). 

The biosorption of Cu2+ by P. rettgeri and B. cereus ATCC 11778 was 
investigated at different concentrations (25, 50, 100, 150, 200, 250 and 300 
mg/L). Figure (6) indicated that the biosorption of Cu2+ by P. rettgeri decreased 
with increasing its level. The maximum Cu2+ 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 
Cu2+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 
Figure (7).The previous results raveled that B. cereus ATCC 11778 was more 
tolerant to Cu2+ than P. rettgeri. At 300 mg/L B. cereus ATCC 11778 removed 
25.5mg/L Cu2+ from the broth medium, while at the same level, P. rettgeri 
removed 2.0 mg/L. 

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

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

11778. 
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A number of researches were in agreement with the results of the  
present work, but the percentage of removal differ greatly according to 
incubation conditions and type of bacterial strains used in the researches  P. 
aerginosa adsorbed 75%- 80% Cu2+ ( chang et al., 1997).  

While T. ferroxidans had the ability to remove 25% of Cu2+ into 2 days 
( Boyer et al., 1998). Also B. thurigiensis adsorbed 34 %of Cu2+ (about 18 
mg/L) into 2 days (Hassen et al., 1998). 

The percentage of Cu2+ removal by K. marxianus, Candida spp. and S. 
cerevisiae was 73-90% during their growth (Aksu, 1998, Donmez and Aksu, 
2001). The entrapped dead cells of S. cerevisiae 54 had adsorption capacity 27 
mg g -1 Cu 2+ at 200 mg/L initial concentration (Godjevargova et al., 2004). 

P. pulida 5-X cells could remove heavy metal ions from electroplating 
effluent with 95% removal capacity (Wang et al., 2005 and 2006). 

Enterobacter sp-J1 adsorbed 32.5 mg g-1 dry alls for Cu2+ (Lu et al., 
2006). Also, S. rimosus adsorbed 30 mg Cu2+ g-1 biomass (Chergui et al., 2007). 
Biosorptive capacity for Cu2+ decreased with increase of metal concentration, 
reaching 36.2 mg/g at initial concentration of 300 mg / L (Oh et al., 2009). 
Pseudomonas sp. NA removed more than 110 mg /L Cu2+ in water within 24h. 
Through bioreduction and biosorption at initial concentration of 300 mg/L 
(Andreazza et al., 2010). While, maximum uptake capacity of Cu2+ by 
Posidonia oceanica was 56.92 and 85.78 mg g -1 at pH 5.0 and 6.0,  respectively 
( Izquierdo et al.,  2010).  

3.7. Effect of clay as a natural adsorbent on aluminum ions (Al3+) uptake  

Clay is a cheap, abundant, natural materials found in the environment. 
So it 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) only or combined with P. rettgeri to 
remove Al3+ from the liquid medium has been indicated in Figures (8-13). The 
results from Figure (8) indicated that the ability of 0.5% untreated clay only 
decreased as the concentration of Al3+ increased. However, the ability of 0.5% 
untreated clay combined with P. rettgeri was higher than clay only at the same 
concentration of clay and the same concentration of Al3+ except the first 
concentration (25 mg/L Al3+). 
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Fig. (8): Adsorption of different concentrations of aluminum ions by 0.5% 

untreated clay alone or in combination with P. rettgeri. 

As the concentration of clay increased to be 1.0% untreated as shown in 
Figure (9), the results cleared that the uptake of 1.0 % untreated clay only 
decreased as Al3+ increased. But 1.0% untreated clay only adsorbed more Al3+ 
than that adsorbed by 0.5% untreated clay only at the same concentrations of 
Al3+ except the first concentration. This mean that as the level of clay increased 
the uptake of Al3+ increased. The same trend has been indicated in the case of 
1.0% untreated clay combined with P. rettgeri. 1.0% untreated clay with P. 
rettgeri could uptake more Al3+ 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 Al3+ uptake by both clay only or clay combined 
with P. rettgeri.  

 
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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By increasing the concentration of clay to 2.0% as shown in Figure 
(10), the uptake decreased with increasing Al3+ concentrations. 2.0 % untreated 
clay only or in combination with P. rettgeri enhanced the capacity of Al3+ 
uptake at the low concentrations of Al3+ only. But at high concentrations, 1.0% 
untreated clay only was superior. The combined treatment could uptake Al3+ 
more than clay only. From previous results, it is clear that 1.0% clay was the 
best and the combined treatment had the highest capacity to uptake Al3+. 1.0% 
untreated clay combined with P. rettgeri could remove 471.8 mg/L of 500 mg/L 
Al3+ from the broth medium (94.4%). 

 
Fig. (10): Adsorption of different concentrations of aluminum ions by 2.0% 

untreated clay alone or in combination with P. rettgeri. 

In case of treated clay as indicated in Figure (11), the results revealed 
that 0.5% treated clay only removed (22%) of Al3+  at 25 mg/L, then the 
removal rate increased till 300 mg/L after that, removal decreases to be (24%) 
of 500 mg/L Al3+ However, in case of 0.5% treated clay combined with P. 
rettgeri shown in Figure (11) cleared that Al3+ uptake was low at the first 
concentration 25 mg/L , then the  uptake increased and continue the increase in 
uptake. At 500 mg/L Al3+ the combined treated clay removed 460mg/L from the 
broth medium (92.1%). Generally, the combined treated clay with P. rettgeri 
removed more Al3+ than treated clay only at all concentrations.   

 
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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From Figure (12), the results revealed that 1.0% treated clay only 
adsorbed more Al3+ than 0.5% treated clay at all concentrations. On the other 
hand, 1.0% treated clay combined with   P. rettgeri adsorbed more Al3+ than 
1.0% treated clay only, 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 Figure (13), the results shown that 2.0% combined treated clay 
adsorbed more Al3+  than 2.0% treated clay only.  

 
Fig. (12): Adsorption of different concentrations of aluminum ions by 1.0% treated 

clay alone or in combination with P. rettgeri. 

 
Fig. (13): Adsorption of different concentrations of aluminum ions by 2.0% treated 

clay alone or in combination with P. rettgeri. 

Generally from the previous results, it is clear that untreated combined 
clay with   P. rettgeri adsorbed more Al3+ 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 Al3+ from the 
broth medium. This means that, combination between the natural sorbent and 
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the microorganism enhanced greatly the uptaking capacity for Al3+. A rare 
researches has been published about Al3+ biosorption. Consequently, a very rare 
research about biosorption of Al3+ 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 uptake 
efficiency of the kaolin (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.   

3.8. Effect of clay as a natural adsorbent on cobalt ions (Co2+) uptake 

Cobalt is found mainly in the Co2+ form, Co3+ is only stable in complex 
compounds. Microbial biomass of most bacterial strains and transconjugants 
can successfully remove higher concentrations of cobalt. Bioaccumulation of 
Co2+ by clay as a natural adsorbent or in combination with P. rettgeri in both 
cases untreated or treated is indicated in Tables Figures (14-19). In case of 0.5% 
untreated clay, as the concentration of Co2+ increased, the adsorption decreased. 
The results given in Figure (14) indicate that, the same trend was recorded for 
0.5% untreated clay combined with P. rettgeri. This combined treatment uptake 
more Co2+ than clay alone especially at low concentrations. As the 
concentration of clay increased to be 1.0% untreated clay Figure (15), the 
results revealed that the uptake of Co2+ by 1.0% untreated clay alone decreased 
as Co2+ increased. But 1.0% untreated clay only adsorbed more Co2+ than that 
adsorbed by 0.5% untreated clay alone at the same level of Co2+. 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 
Co2+ 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 Co2+ uptake by both clay alone or clay 
combined with P. rettgeri. When the concentration of clay was increased to 
2.0% Figure (16), the untreated clay alone could remove 30 mg/L Co2+ 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 Co2+ from same 
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concentration in the broth medium (47.7%). These results revealed that 
combined treatment adsorbed more Co2+ 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 Co2+. 2.0% untreated 
clay combined with P. rettgeri could remove 95.3mg/L of 200 mg/L Co2+ from 
the broth medium (47.7%).       

 In case of treated clay as illustrated in Figure (17), the results revealed 
that 0.5% treated clay only removed (55.2%) of Co2+ at 5 mg/L, then the 
removal rate decreased sharply to be (5%) of 200mg/L Co2+. However, 0.5% 
treated clay combined with P. rettgeri Figure (17) show that Co2+ uptake was 
high at the first concentration 5mg/L, the uptake was then decreased  . At 200 
mg/L Co2+ the combined treated clay removed 39 mg/L from the broth medium 
(19.5%). Generally, treated clay combined with P. rettgeri removed more Co2+ 
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 Co2+ at all levels tested. Increasing the 
concentration of treated clay to 1.0% is indicated in Figure (18). At this level, 
treated clay alone or in combination with P. rettgeri increased their capacities to 
uptake Co2+. However, 2.0% treated clay alone could remove 22 mg/L Co2+ 
from 200 mg/L (11.0%) 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 Co2+ removal from the 
broth medium at all the Co2+ concentrations. Also, 2.0% untreated d clay 
combined with P. rettgeri gave absolutely the best results. 

14-19 
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Little work about biosorption of Co2+ by bacterial cells, but little work 
had been found about biosorption of Co2+ 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-1for 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 Cu2+, Co2+ and 
Fe3+ removal efficiency of up to 98%.  

 
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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Fig. (15): Adsorption of different concentrations of cobalt ions by 1.0% untreated 

clay alone or in combination with P. rettgeri. 

 
Fig. (16): Adsorption of different concentrations of cobalt ions by 2.0 % untreated 

clay alone or in combination with P. rettgeri. 

 
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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Fig. (18): Adsorption of different concentrations of cobalt ions by 1.0% treated 

clay alone or in combination with P. rettgeri. 

 
Fig. (19): Adsorption of different concentrations of cobalt ions by 2.0% treated 

clay alone or in combination with P. rettgeri. 

3.9. Effect of clay as a natural adsorbent on copper ions (Cu2+) uptake 

Removal of Cu2+ by using clay (untreated or treated) alone or in 
combination with P. rettgeri has been studied and the results are illustrated in 
Figures (20-25).The ability of 0.5% untreated clay alone to uptake different 
concentrations of Cu2+ (25, 50, 100, 150, 200, 250 and 300 mg/L) was shown in 
Figure (20). These results show that as the percentage of Cu2+ 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 Cu2+ at all concentration than 
clay alone. When the level of clay become 1.0% as shown in Figure (21), the 
results cleared that the uptake by 1.0% untreated clay alone decreased as Cu2+ 
increased. But 1.0% untreated clay alone adsorbed more Cu2+ than that adsorbed 
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by 0.5% untreated clay alone at the same concentrations of Cu2+. However 1.0% 
untreated clay combined with P. rettgeri removed more Cu2+ than 1.0% 
untreated clay alone. Also at 300 mg/L Cu2+ the combined untreated clay 
removed 150mg/L from the broth medium (50%). By increasing the 
concentration of clay to 2.0% as shown in Figure (22), the uptake decreased 
with increasing Cu2+ concentrations. Also 2.0% untreated clay combined with 
P. rettgeri could remove more Cu2+ than 2.0% untreated clay alone at all 
concentrations, and it cleared that the combined treatment have more ability to 
uptake Cu2+ at low concentration (92%) at 25 and 50 mg/L Cu2+. Comparing 
1.0% untreated combined clay with 2.0% untreated combined clay, the results 
cleared that 2.0% untreated combined clay uptake more Cu2+ at all 
concentrations. 

 
Fig. (20): Adsorption of different concentrations of copper ions by 0.5% untreated 

clay alone or in combination with P. rettgeri. 

 
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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Fig. (22): Adsorption of different concentrations of copper ions by 2.0% untreated 

clay alone or in combination with P. rettgeri. 

Generally, 2.0% untreated clay combined with P. rettgeri had the 
highest capacity for Cu2+ removal from the broth medium at all the Cu2+ 
concentrations. The treated clay adsorbed Cu2+ with the same manner as 
untreated clay alone at concentration 0.5% as indicated in Figure (23). The 
results revealed that 0.5% treated clay combined with P. rettgeri uptake more 
Cu2+ than 0.5% treated clay alone. And 0.5% treated combined clay remove 
more Cu2+ than 0.5% untreated combined clay. Raising the concentration of 
treated clay to 1.0% was indicated in Figure (24). The results raveled that as 
Cu2+ concentration increased the uptake decreased. However it cleared that the 
capacity of Cu2+ uptake increased in case of combined treatment than treated 
clay alone at all concentrations of Cu2+. So the combined treatment has more 
ability to uptake Cu2+ than clay alone, it could remove 185 mg/L of 300 mg/L 
Cu2+. These results indicated also that arising the concentrations of clay from 
0.5% to 1.0% enhanced greatly the capacity of Cu2+ uptake by both clay alone 
or clay combined with P. rettgeri. By increasing the concentration of clay to 
2.0% as shown in Figure (25), the results showed that as the level of clay 
increased from 1.0% to 2.0% the uptake of Cu2+ increased by both clay alone or 
clay combined with P. rettgeri. Also combined treatment enhanced the capacity 
of Cu2+ 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 Cu2+ removal from the broth medium at all the Cu2+ concentrations. 
Also, 2.0% treated clay combined with P. rettgeri gave the best results at all. In 
agreement with the above results for Cu2+ biosorption, the following research 
results confirmed them. The uptake capacity of the modified clay for nickel, 
copper and zinc did significantly increased (Vengris et al., 2001).Copper was 
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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 Cu2+ 
(Dogru et al., 2007). The recovery values of Bacillus thuringiensis israelensis 
loaded on Dowex optipore V-493 as a new adsorbent for Cu2+, Fe3+ and Zn2+ 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). 

 
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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Fig. (24): Adsorption of different concentrations of copper ions by 1.0% treated 

clay alone or in combination with P. rettgeri. 

  
Fig. (25): Adsorption of different concentrations of copper ions by 2.0% treated 

clay alone or in combination with P. rettgeri. 

3.10. 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 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 
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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). 

 
Fig. (26): Effect of gamma irradiation on the survival of P. rettgeri. 

3.11. Selecting mutants tolerate 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 
Al3+, Co2+ and Cu2+ to select mutants are indicated in table (3). The results 
revealed that doses 1.0, 2.0 and 2.5 kGy induced mutants that have the ability to 
tolerate more Al3+ than the parent strain (unirradiated control). The culture 
exposed to 1.0kgy had a good growth on Al3+ (550 mg/l) unfortunately, these 
irradiated colonies could not grow on higher concentration of Co2+ and Cu2+. It 
may be different to grow on these higher concentrations of Co2+ and Cu2+. 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 (3): Effect of gamma irradiation on the ability of P. rettgeri to grow on 
higher concentrations of heavy metals. 

Growth of P. rettgeri exposed to gamma radiation on heavy metals  
Dose (kGy) 
 Al3+ (550 mg/L) Co2+ (250 mg/L) Cu2+ (350mg/L) 
Control - - - 
0.5  - - - 
1.0  +++ - - 
1.5  - - - 
2.0  ++ - - 
2.5  ++ - - 

3.12. 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 (4). 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). 

Table (4): 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) - 
(Chloramphenicol) C (30) - 
(Cefuroxime) CXM (30) - 
(Clindmycin) DA (2) - 
(Imipenem) IPM (10) 20 
(Gentamicin) CN (10) 15 
(Vancomycin) VA (30) - 
(Ofloxacin) OFX (5) 14 
(Clarithromycin) CLR (5) 35 

(Colistin) CT (10)                     - 

(Ciprofloxacin) CIP (5) 18  
(Amikacin) AK (30) 20 

(Levofloxacin) LEV (5) 23 
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  المؤتمر الدولي الثالثالمؤتمر الدولي الثالث

  وتطبیقاتھاوتطبیقاتھاللعلوم اإلشعاعیة للعلوم اإلشعاعیة 
   مصر- الغردقة – ٢٠١٢ نوفمبر ١٦ – ١٢

 
  

الكوبلت والنحاس باستخدام بروفدنشیا ریتجرى المعزولة من ،  االلومنیوم إزالة
  .  ترعھ االسماعلیةالمیاه الملوثة فى

  

  
وكانت . تم عزل ثالثة وعشرون ساللة بكتیریة من المیاه والتربة الملوثة من ترعة اإلسماعلیة في مصر

وشركة أنابیب النفط ) مصنع كبریتات االلومنیوم(الشبھ ، المصنع )لألسمدة(المواقع الملوثة ھى مصنع أبو زعبل 
كان " MAM-4"وبفحص قدرة ھذه العزالت على تحمل المعادن الثقیلة، وجد أن عزل ). للمواد البتروكیماویة(

  .providencia rettgeriاالكثر مقاومة وتم تعریف ھذة العزلة على انھا بروفدنشیا ریجرى  
ه ٠یز ایون االلومنیوم  قلت القدرة على اخذ  ھذا العنصر سواء فى حال اثبتت النتائج كلما زاد ترك

لكن . Bacillus cereus ATCC    11778او بكتیریا الباسیلیس سیریس  P. rettgeriالبروفدنشیا ریتجرى 
فى ازالھ ھذا Bacillus cereus ATCC 11778  اعلى منP. rettgeriكانت قدرة البروفدنشیا ریتجرى 
اما فى حالھ عنصر الكوبلت . لتر من  االلومنیوم/  مللیجرام ٢٥من % ٩٧٫٢العنصر حیث استطاعت على ازالة

  و الباسیلیس سیریس P. rettgeriاثبتت النتائج كلما زاد تركیز ایون الكوبلت قلت قدرة البروفدنشیا ریتجرى 
Bacillus cereus ATCC 11778حیث تمكنت البروفدنشیا ریتجرى على ازالة ھذا العنصر P. rettgeri من 

بینمااستطاعت الباسیلیس سیریس ازالة %) ٢٩٫٥(لتر من الكوبلت/  مللیجرام ٢٠٠لتر من /  مللیجرام ٥٩اخذ 
وایضا اظھرت النتائج انھ كلما زاد تركیز ایون النحاس قلت . من نفس التركیز%) ٣٤٫١(لتر /  مللیجرام ٦٨٫٣

على ازالة ھذا Bacillus cereus ATCC 11778  و الباسیلیس سیریس P. rettgeriا ریتجرى قدرة البروفدنشی
لتر من /  مللیجرام ٢٥لتر من /  مللیجرام ١١٫٥ ازالھ P. rettgeriالعنصر جیث  استطاعت البروفدنشیا ریتجرى 

عت من ازالة استطاBacillus cereus ATCC 11778 بینما فى حالھ الباسیلیس سیریس %) ٤٧(النحاس 
 P. rettgeriاوضحت النتائج انھ عند اضافھ البروفدنشیا ریتجرى .من نفس التركیز%) ٥٤(لتر /  مللیجرام ١٣٫٥

لتر /  مللیجرام ٤٧١٫٨طمى غیر معالج كیمیائیا كانت قدرة الطمى على ادمصاص العناصر الثالثة ھى % ١الى 
لتر من /  مللیجرام ٢٠٠من %) ٤١٫٢(لتر /  مللیجرام ٨٢٫٤، لتر من االلومنیوم /  مللیجرام ٥٠٠من %) ٩٤٫٤(

اما فى  حالة اضافھ البروفدنشیا . من النحاس لتر/  مللیجرام ٣٠٠من %) ٥٠(لتر / مللیجرام١٥٠الكوبلت و  
  ٢٠٧٫٨طمى معالج كیمیائیا كانت قدرة الطمى على ازالھ العناصر الثالثھ ھى  % ١ الى P. rettgeri ریتجرى
 مللیجرام ٢٠٠من %) ٢٦(لتر /  مللیجرام ٥٢، لتر من االلومنیوم /  مللیجرام ٥٠٠من %) ٤١٫٥(لتر  / مللیجرام

ومن النتائج اتضح ایضا . لترمن النحاس/  مللیجرام ٣٠٠من %) ٦١٫٦(لتر / مللیجرام١٨٥لتر من الكوبلت و  / 
من  ازالةالعناصر الثالث العالیھ على الى الطمى كان لھ القدرة P. rettgeriان اضافة البروفدنشیا ریتجرى 

  .  او الطمى وحدهP. rettgeriاستحدام البروفدنشیا ریتجرى 
  Providencia البكتیریة بروفدنشیا ریتجرىالعزلة وبدراسة تأثیر أشعة جاما على 

rettgeri دورات لوغارتمیة٧٫٤ كیلو جراي عملت على خفض العد الحیوي بمقدار ٣ ووجد أن  .
المعرض ألشعة جاما أن   Providencia rettgeri البكتیریة بروفدنشیا ریتجرىالعزلة فرة استطاعت ط

  .تكون مقاومة لتركیزات عالیھ من  األلومنیوم بالمقارنھ عن نظیرتھا الغیر معرضھ الشعة جاما
  .اشعة جاما،الطمى ، العناصر الثقیلھ، بروفدنشیا ریتجرى/ الكلمات المفتاحیة

  


