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Abstract The increases of environmental concern over the accumulation of the long term impact radioactive
nuclides e.g. 137Cs encourage the isolation of bacterial species resistant to radioactive nuclides and could accumulate
such nuclides. Bacterial species isolated from hazardous liquid wastes at Hot Laboratories Centre were investigated
for their removal of 137Cs from waste solutions. The biosorption capacities of the free and immobilized biomass were
studied using batch experiments at optimum conditions. Different immobilization matrices namely; calcium alginate
(CA), chitosan (CTS), chitosan-alginate (CTS/CA) and polyvinyl alcohol-alginate (PVA/CA) were examined for use
in the biosorption system. The effects of the immobilized weight, beads numbers and initial 137Cs activity on the
removal efficiency were studied. Although, the results indicated that control CA and PVA/CA gel beads had nearly
the same and the higher removal efficiency, the CA-immobilized beads showed higher removal percent than that of
PVA/CA-immobilized beads. The immobilized system achieved maximum biosorption capacities at 137Cs solution
activity of 15000 Bq/ml, where 62.2, 66.5 and 46.9 KBq/g dry weight were removed by CA and CA-immobilized
Bacillus pumilus and Bacillus licheniformis beads, respectively. Reused experiments for the control CA and CAimmobilized bacteria beads were studied for three cycles. The elution percent increased after the second cycle
followed by increase in the removal percent. The studied CA-immobilized system could be used for more than one
cycle with removal efficiency of about 50 % of the first cycle.
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1. Introduction
As an abundant fission radionuclide, 137Cs has been
paid considerable attention due to its gamma radiations, a
long half-life of 30 years, high water solubility and
labilization. It has been shown that hazardous quantities of
137
Cs will remain in the environment for centuries, with
long lasting severe harm for human health and organisms
[1,2,3]. The fate of radioactive cesium in the environment
has heightened considerably in recent years in the wake of
the Chernobyl accident in 1986 [4]. The distribution of
released 137Cs and 134Cs is related to the chemical
properties of Cs+, which generally dictate a high degree of
mobility and bioavailability. The partitioning of cesium
between abiotic (i.e. soils, sediments, water) and biotic
components of terrestrial and aquatic ecosystems is
complex and dependent on a number of factors, e.g.
inorganic mineral contents of the solid substrates and the
abundance of monovalent cations. Direct biological
cesium accumulation from the environment occurs readily
in lower organisms and primary producers, e.g.
microorganisms and plants. Cesium accumulation by
higher animals results predominantly from consumption
of contaminated food stuffs, although direct inhalation

absorption from the environment may also occur. Thus
radioactive cesium continues to be re-circulated in
biological systems, for many years, following a pulse of
contamination [5,6].
Natural or synthetic ion exchangers, such as zeolites,
montmorillonites, silicotitanate, molybdophosphates,
phosphotungstates, hexacyanoferrates and others have
been used for large scale separation of cesium from low
and intermediate level radioactive waste effluents [7-12].
However, one disadvantage for the application of ionexchangers relates to the competitive interactions of other
monovalent cations, in particular Na and K in waste
effluents, which can considerably block Cs adsorption [5].
Hence, sorbents with better selectivity are required for Cs
removal from solutions containing large amounts of Na
and K. Recently, more and more attention has been paid to
the use of biological technologies for the removal of Cs
radioisotopes from radioactive waste effluents, owing to
their good performance, low cost and large available
quantities. Several types of microorganisms and plants
have been applied for the removal of Cs [2,5,6,13-18]. An
adsorption capacity up to 195mg/g was achieved by
Azolla filiculoides as previously reported. It has been
noted that in a biological metal removal process using
living cells, the low toxicity of Cs was regarded as an
advantage, even though the radiolytical effect for both
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radioisotopes (134Cs and 137Cs) might be an important
drawback of this type of approach.
The biosorption behavior and mechanism of 137Cs on
Rhodosporidium fluviale (R. fluviale) strain UA2 isolated
from a stable cesium solution was investigated [19]. The
biosorption was fast and pH-dependent, and Langmuir
isotherm equation indicated that the biosorption of 137Cs
was a monolayer adsorption implied that R. fluviale strain
UA2 adsorbed cesium ions by electrostatic attraction. The
TEM analysis revealed that cesium ions were absorbed
into the cytoplasm of R. fluviale strain UA2 across the cell
membrane, not merely fixed on the cell surface, which
implied that a mechanism of metal uptake contributed
largely to the cesium biosorption process.
The removal of 137Cs using marine green algae
Enteromorpha torta collected from western Alexandria
coast was studied [20]. The results showed that the
maximum capacity was 4.32, 3.77, 3.51, 4.6, 10.55 and
12.6 m mol/g dry weights for control, 0.2, 0.15, 0.1, .05
and 0.025g of E. torta, respectively. The mean free energy
was 18.9, 19.03, 21.13, 22.71, 23.47 and 23.59 KJmol-1
for the same samples. It was observed that the equilibrium
reached in three hours and the maximum biosorption of
134
Cs was occurred at pH 7 for all sorbents.
In a study on radioactive cesium ingestion by people in
areas of Ukraine and Russia contaminated by the
Chernobyl accident, a strong relationship was found
between the extent of mushroom consumption and whole
body radioactive cesium content at all study sites. Also,
saprotrophic and mycorrhizal basidiomycetes can
accumulate radioactive cesium and these organisms may
form a major pool of radioactive cesium in soil; grazing of
fruit bodies by animals may lead to radioactive cesium
transfer along the food chain [21]. In the present study the
bacterial species; Bacillus pumilus and Bacillus
licheniformis isolated from low level radioactive waste
solutions were examined for their removal efficiency of
137
Cs. Also, different gel matrices were examined for use
in the biosorption system.

2. Materials and Methods
2.1. Materials
Chemicals:
All chemicals used were of analytical grades. Stock
solutions were prepared by dissolving distinct amount in
one liter distilled water, then other concentrations were
prepared by dilution. Cesium-137 solution was prepared
by labeling 100 ppm CsCl solution with certain volume of
137
Cs to obtain the desired activities. Sodium hydroxide
and hydrochloric acid were used to adjust the pH of the
solutions.
Apparatus:
Incubators
Binder incubator model WTB-720 was used for
incubation of bacterial agar plates and slants. The biomass
production was done using Lab Line Orbital
Environmental Shaker model (3527-1).
Centrifuge
Refrigerator centrifuge (Hitach universal-32R) was
used for biomass harvesting.
Multichannel Analyzers (MCA):

The activity of the collected hazardous liquid sample was
determined using high pure germanium detector. The
radioactive analysis of 137Cs samples was done using
MCA with well type NaI crystal.
Biolog:
The identification of bacterial isolates was carried out
using Biolog (GEN III) instrument which is automated
system for bacterial identification.

2.2. Methods
Isolation of bacterial species:
The water sample collected from low level radioactive
waste solutions at Hot Lab Station was mixed thoroughly.
In three Petri dishes, 1 ml of water samples was taken and
mixed with 10 ml nutrient agar under sterile conditions.
The plates were incubated at 37 ºC for 24 h. The obtained
colonies were purified using streak plate according to
Benson [22]. The pure colonies were separated on nutrient
agar slants for identifications.
Identifications of bacterial isolates:
The identification of bacterial isolates was carried out
using Biolog GEN III in Cairo Mircen, Faculty of
Agriculture, Ain-Shams University. The instrument
analyze the ability of the cell to metabolize all major
classes of biochemical's, in addition to determining other
important physiological properties such as pH, salt, lactic
acid tolerance, reducing power, and chemical sensitivity
[23].
Biomass production:
The pure bacterial slants were eluted with sterilized 5ml
distilled water and transferred to 500 ml conical flasks
containing 150 ml nutrient broth, then incubated in
environmental orbital shaker at 37 ºC for 24 h. Each
conical flask was used to inoculate three one liter conical
flasks containing 200 ml of nutrient broth. The produced
biomasses were harvested using cooling centrifuge, then
washed with distilled water and kept frozen till use [24].
Preparation of control and immobilized beads:
• Calcium alginate (CA) beads:
Sodium alginate gel (4%) was prepared by dissolving 4
g in 100 ml distilled water with gentle stirring overnight.
The gel was injected by peristaltic pump into the 100 ml
caustic solution of 2% CaCl2. The formed beads were left
in CaCl2 solution for one hour with gentle stirring, then
washed thoroughly with distilled water and kept in
refrigerator for use [20].
• Polyvinyl alcohol - Calcium alginate (PVA/CA) beads:
A mixture of PVA and sodium alginate gel was
prepared where; 6 g of PVA was dissolved in 100 ml
distilled water at 90 - 110 ºC with gentle stirring, then 4 g
of sodium alginate was added and left overnight with
stirring at 60 - 70 ºC. The gel mixture was injected into
100 ml caustic solution composed of 2 % CaCl2 and
saturated boric acid with ratio (1:1). The beads were
washed with distilled water and then kept in refrigerator
for use [25].
• Chitosan (CTS) beads:
In 250 ml conical flask 2.5 ml of glacial acetic acid was
added to 2.5 g of chitosan flaks, and then distilled water
was added to complete 100 ml. The mixture was gentle
stirred at room temperature overnight. 0.25 ml of 0.5%
Glutaraldehyde was added to 5 ml of CTS gel with gentle
stirring for five minutes (cross linking), and then kept in
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refrigerator for ten minutes. The gel injected into the
caustic solution (0.5 N Na OH) and left for five minutes
with gentle stirring. The formed beads were transferred to
100 ml 0.1 M phosphate buffer solution with gentle
stirring for 20 minutes, then washed with distilled water
and kept in refrigerator for use [26].
• Chitosan - Calcium alginate (CTS/CA) beads:
Chitosan gel was prepared as previously mentioned,
then 5 ml of the CTS gel was injected into cross linking
and caustic solution composed of 25% Glutaraldehyde,
4% sodium alginate and 0.1 M phosphate solution with
ratio 10 : 20 : 45 and left for 35 minutes. The beads were
washed thoroughly with distilled water and kept in
refrigerator for use [27].
The immobilized biomass beads:
The immobilized biomass beads were prepared by
mixing the desired biomass weight thoroughly with the
certain gel volume before cross linking and injection into
the caustic solution, then the same above previous steps
were followed.
Determination of the activity:
20 ml from the hazardous liquid were used. 1ml was
taken on glass watch, then dried under IR lamp. The
process was repeated until the 20 ml were dried, then the
glass watch was measured using High Pure Germanium
Detector. The activity of 137Cs solutions was determined
by counting 1ml sample for 300 seconds using
Multichannel Analyzer (MCA) at channel of 662 Kev.
The instruments were first calibrated with point source
and each measurement was done in triplicate.
Biosorption experiments:
In batch experiment the free biomass or the exact gel
volume of control or immobilized with studied bacteria
was mixed with 10 ml 137Cs solution in 25 ml conical
flask. The experimental conditions were adjusted with pH
value of 6 - 6.5, the temperature was 25 ± 3 ºC and stirring
was 120 rpm. Samples of 1ml were taken at different
contact times 15, 30, 60, 120 minutes, to determine the
solution activity, and then the removed 137Cs could be
calculated.
Calculations:
-The activity of 137Cs solution was determined from the
equation:

A=

count − background
E. I
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(1)

Where; (A) is the activity, (E) is the efficiency of
system and (I) is the intensity of element.
- The uptake percent of 137Cs at different contact times:

Uptake=
% Ao − A t / Ao X100

(2)

Where, Ao the initial activity, At is the activity at time (t).
-The activity (Bq/ml) removed by g dry weight:

=
Q Ao − A t / M

(3)

Where, (Q) is the biosorption capacity, (M) is the dry
weight (in g) of free biomass, control gel beads or
immobilized biomass beads.
Reused Experiments:
The reusability for both control CA and CAimmobilized B. pumilus and B. licheniformis beads was
studied. The accumulated beads (control or immobilized)
were washed with 10 ml (0.1 N) HCl for 10 min and then
with distilled water [28]. The activity of washing solution
(HCl and dist. H2O) was determined by counting 1 ml
using MCA to calculate the elution percent. The washed
beads were added to new 137Cs solution to start the second
cycle and the previous two steps were repeated to perform
the third cycle.

Elution % = A w / Ae X 100

(4)

Where; (Aw) is the activity of the washing solution and
(Ae) is the activity removed at equilibrium.

3. Results and Discussion
Radioactive analysis of the liquid waste:
The analysis of the hazardous liquid waste showed the
presence of 60Co in the liquid waste (Figure 1), so the
isolated bacterial species will be radioactive resistant
bacteria. The total activities of the sample for the two
beaks of 60Co were 9729 Bq and 12406 Bq at channels
1173 and 1332, respectively.

Figure 1. Gammma spectrum of the collected hazardous liquid waste
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Identification of bacterial isolates:
The isolated bacteria were identified as; Bacillus
pumilus and Bacillus licheniformis.
Uptake of 137Cs by free bacterial cells:
The biosorption of 137Cs by different weights; 0.25 and
0.5 g of the free bacterial cells was done under optimum
experimental conditions using 10 ml 137Cs solution. The
results presented in (Figure 2) indicated that the increase
in cells weight from 0.25 to 0.5 g at the same 137Cs
solution resulted in slightly increase in uptake percent for
B. licheniformis (48.9 and 57.1%). However, the increase
in free biomass weight of B. pumilus had no effect on the
uptake percent, while the absorption rate increases. The
biosorption capacity decreased with the increase in
biomass weight for both bacterial strains [20].
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of microbial growth, biodegradability, solubility and
increasing biosorption capacity are very important
parameters [30]. The different gel beads were examined
for their uptake of 137Cs. The results presented in (Figure 3)
showed that both CA and PVA/CA control gel beads had
the higher and nearly the same removal percent of 72.4
and 72.3%, respectively. On the other hand, 24.9 and
17.2% were removed by CTS and CTS/CA beads,
respectively. Results cleared that both CA and PVA/CA
beads could be used in the biosorption system. CA-beads
were used in the rest of the investigation experiments.

50
40
30

50

20

40

10
0

30

CA

0.25g B. pumilus
0.50g B. pumilus
0.25g B. lichen.
0.50g B. lichen.

20
10
0
0

20

40

60

80

100

120

Time (min)
Figure 2. The uptake percent of 137Cs by different free biomass weights
of B. pumilus and B. licheniformis

Uptake of 137Cs by the different gel matrices:
The support selection is one of the crucial decisions in
preparation of the immobilization process [29]. The
support criteria such as; physical characteristic, possibility

PVA/CA

CTS

CTS/CA

Control gel beads
Figure 3. The uptake percent of
matrices beads after two hours

137

Cs by different immobilization

The effect of beads numbers:
The effect of beads numbers in the activity removal at
the same 137Cs solution (volume and activity) was studied
using 50 and 250 beads prepared using 0.25 g biomass / 5
ml gel. Results showed in (Figure 4) Indicated that the
increase in beads numbers increased the uptake percent.
This explained by increasing surface area for control and
immobilized beads, in addition of increasing biomass
weight for the immobilized beads [31].

Figure 4. The effect of beads numbers on the uptake of 137Cs using control CA and CA-immobilized B. pumilus and B. licheniformis beads

Effect of different immobilized weights:
Different weights 0.25, 0.5 and 1 g of B. pumilus and B.
licheniformis were immobilized using 5 ml gel. The

results presented in (Figure 5) indicated that the increase
in the immobilized weights from 0.25 to 0.5 g decreased
the uptake percent from 76.6 to 67.7% for B. pumilus. On
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the other hand, it was found that the increase in biomass
weight from 0.25 to 0.5 g increased the uptake percent
from 73.9 to 81.9% for B. licheniformis, and then further
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increase in biomass decreased the uptake percent. However,
the increase in the immobilized biomass decreases the
uptake capacity of the immobilized system [20,32].

Figure 5. The effect of different immobilized weights of B. pumilus and B. licheniformis on the uptake of 137Cs
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Figure 6. The effect of different activities on the uptake of 137Cs using
control CA and CA-immobilized B. pumilus and B. licheniformis beads
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Control PVA/CA-beads showed nearly the same
biosorption capacity of CA- beads, it was essentially to
investigate the biosorption capacity of PVA/CAimmobilized biomass. Results presented in (Figure 7)
indicated that PVA/CA-immobilized B. pumilus and B.
licheniformis exhibited lower 137Cs removal percent of
65.5 and 60.4%, respectively, as compared to CAimmobilized B. pumilus and B. licheniformis, they were
76.6 and 81.9%, respectively with 137Cs activity of 7500
Bq/ml. This could be explained by low diffusion
properties for PVA/CA-immobilized beads and / or less
protection of the biomass by the gel.

Uptake%

The effect of different activities:
The effect of different activities was studied using
various 137Cs activities of 5000, 7500 and 15000 Bq/ml.
Results showed in (Figure 6) indicated that the increase of
activity from 5000 to 7500 Bq/ml increased the uptake
percent and capacity for both CA-immobilized B. pumilus
and B. licheniformis beads. Further increase in the activity
to 15000 Bq/ml resulted in slightly increase in the uptake
percent for CA-immobilized B. pumilus and decrease in
the uptake percent of CA-immobilized B. licheniformis.
The same pattern of uptake percent was observed for
control CA-beads. The maximum uptake capacity for
control CA and CA-immobilized beads of B. pumilus and
B. licheniformis were 62.2, 66.5 and 46.9 KBq/ g dry
weight, respectively. Previous studies [32] reported that,
for control CA-beads and immobilized (live and dead)
fungal biomass the uptake increased with the increase of
activity from 100 to 250 Bq/ml. Also, the percent uptake
by immobilized dead Cunninghamella elegans beads was
slightly higher than alive one.

137

Cs by control and immobilized CA

Reuse of CA-immobilized beads:
The ability of reusing the biosorption system and its
efficiency through different cycles was studied for three
cycles. Results showed that the biosorption percents in the
three cycles for CA-immobilized B. pumilus were 77.9,
22.7 and 46.9% (Fig. 8), and the elution percents were
37.4, 100 and 100% for the three cycles. The results
obtained for the CA-immobilized B. licheniformis showed
the same pattern where, 81.9, 20.7 and 41.6% were
removed for the three cycles and the elution percents were
39.4, 100 and 100%. The results indicated that the elution
after the first cycle was lower than that after second and
third cycles, consequently the biosorption of the second
cycle was lower than the first and the third cycles.

117

Journal of Applied & Environmental Microbiology

Radiation Protection Department for their kind help and
cooperation during the progress of this work.

CA
B. pumilus
B. lichen.

80
70

Conflict of Interest

Uptake%

60

The authors have no conflict of interest to declare.

50
40

List of Abbreviations

30

MCA: Multichannel Analyzer.
CA: Calcium Alginate
CTS: Chitosan.
CTS/CA: Chitosan-Calcium Alginate.
PVA: Polyvinyl alcohol.
PVA/CA: Polyvinyl alcohol-Alginate.

20
10
0
0

1

2

3

4

Cycles
Figure 8. The uptake of 137Cs by control CA and CA-immobilized B.
pumilus and B. licheniformis beads, at different reused cycles

References
[1]

4. Conclusion
In the present study the ability of the free biomass to
remove 137Cs was investigated and the maximum biosorption
capacities obtained at free biomass (0.25 g) were 173.8
and 148.1 KBq/g dry weight of B. pumilus and B.
licheniformis, respectively. The different immobilization
matrices were examined for 137Cs biosorption capacities.
The results showed that control CA and PVA/CA beads
had nearly the same higher removal percent. However,
CA-immobilized biomass beads showed better biosorption
percent than PVA/CA-immobilized biomass for both the
bacterial strains. Studies on the factors improving the
biosorption of the immobilized system cleared that, the
increase in the beads numbers for both control and
immobilized CA-beads resulted in increase of 137Cs
uptake percent. Also, the effect of immobilized weight
showed that 0.25 and 0.5 g per 5 ml sodium alginate gel
were the best immobilized weights for B. pumilus and B.
licheniformis, respectively, further increase in biomass
decreased the uptake percent [20].
The effect of different activities on the biosorption
systems indicated that the increase in radioactivity up to
7500 Bq/ml increased the biosorption percent and capacity
for the control beads and biomass immobilized system
[32]. However, the increase up to 15000 Bq/ml increased
the uptake percent for B. licheniformis only. The reuse
experiments indicated that elution after first cycle was
lower than that after the second cycle which followed by
decreasing in biosorption percent of the second cycle.
However, increasing the elution percent after the second
cycle improved the biosorption ability to about 50% of the
first cycle.
The biosorption system of CA- immobilized B. pumilus
and B. licheniformis showed high ability to remove 137Cs
from hazardous waste for more than one cycle.

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10] Roy, K., Paul, R., Banerjee, B., Lahiri, S, "Extraction of long-

[11]
[12]
[13]

Acknowledgements
The authors wish to express their thanks and
recognition to the Head and staff members of the

Davidson, C., Harrington, J., Stephenson, M., Monaghan, M.,
Pudykiewicz, J., Schell, W, "Radioactive cesium from the
Chernobyl accident in the Greenland ice sheet," Science, 237, 633634, 1987.
Tomioka, N., Tanaka, K., Uchiyama, H., Yagi, O., Kokufuta, E,
"Recovery of Cs-137 by a bioaccumulation system using
Rhodococcus erythropolis CS98," J. Ferment. Bioeng., 85(6), 604608, 1998.
Jalali-Rad, R., Ghafourian, H., Asef, Y., Dalir, S., Sahafipour, M.,
Gharanjik, B, "Biosorption of cesium by native and chemically
modified biomass of marine algae: introduce the new biosorbents
for biotechnology applications." J. Hazard. Mater., 116, 125-134,
2004.
Avery, S.V, "Fate of Caesium in the Environment: Distribution
Between the Abiotic and Biotic Components of Aquatic and
Terrestrial Ecosystems," J. Environ. Radioact., 30(2), 139-171,
1996.
Avery, S.V., Codd, G.A., Gadd, G.M, "Cesium accumulation and
interactions with other monovalent cations in the cyanobacterium
Synechocystis PCC 6803," J. General. Microbiol., 137, 405-413,
1991.
Mashkani, S., Ghazvini, P, "Biotechnological potential of Azolla
filiculoides for biosorption of Cs and Sr: application of microPIXE for measurement of biosorption," Bioresour. Technol., 100,
1915-1921, 2009.
Green-Pedersen, H., Korshin, G.V, "Separation of cesium from
high ionic strength solutions using a cobalt hexacyanoferratemodified graphite electrode," Environ. Sci. Technol., 33, 26332637, 1999.
Lahiri, S., Roy, K., Bhattacharya, S., Maji, S., Basu, S,
"Separation of 134Cs and 152Eu using inorganic ion exchangers,
zirconium vanadate and ceric vanadate," Appl. Radiat. Isotopes
63,: 293-297, 2005.
El-Kamash, A, "Evaluation of zeolite A for the sorptive removal
of Cs and Sr ions from aqueous solutions using batch and fixed
bed column operations," J. Hazard. Mater., 151, 432, 2008.

[14]

lived radionuclides 152,154Eu and 134Cs using environmentally
benign aqueous biphasic system," Radiochim. Acta, 97, 637-641,
2009.
Wu, J., Li, B., Liao, J, "Behavior and analysis of cesium
adsorption on montmorillonite mineral.," J. Environ. Radioact.,
100, 914-920, 2009.
Mandal, A., Lahiri, S, "Separation of 134Cs and 133Ba
radionuclides by calcium alginate beads," J. Radioanal. Nucl.
Chem., 290, 115-118, 2011.
Andres, Y., Redercher, S., Gerente, C., Thouand, G, "Contribution
of biosorption to the behavior of radionuclides in the
environment," J. Radioanal. Nucl. Chem., 247, 89-93, 2001.
Mukhopadhyay, B., Nag, M., Laskar, S., Lahiri, S, "Accumulation
of radiocesium by Pleurotus citrinopileatus species of edible
mushroom," J. Radioanal. Nucl. Chem., 273, 415-418, 2007.

Journal of Applied & Environmental Microbiology
[15] Parekh, N., Poskitt, J., Dodd, B., Potter, E., Sanchez, A, "Soil
[16]
[17]

[18]

[19]

[20]

[21]

[22]

microorganisms determine the sorption of radionuclides within
organic soil systems," J. Environ. Radioact., 99, 841-852, 2008.
Bolsunovsky, A, "Chemical fractionation of radionuclides and
stable elements in aquatic plants of the Yenisei River," Environ.
Sci. Technol., 45, 7143-7150, 2011.
Song, N., Zhang, X., Wang, F., Zhang, C., Tang, S, "Elevated
CO2 increases Cs uptake and alters microbial communities and
biomass in the rhizosphere of Phytolacca americana L. (pokeweed)
and Amaranthus cruentus L. (purple amaranth) grown on soils
spiked with various levels of Cs," J. Environ. Radioact.,112, 2937, 2012.
Vinichuk, M., Martensson, A., Ericsson, T., Rosen, K, "Effect of
arbuscular mycorrhizal (AM) fungi on 137Cs uptake by plants
grown on different soils," J. Environ. Radioact., 115, 151-156,
2013.
Lan, T., Feng, Y., Liao, J., Li, X., Ding, C., Zhang, D., Yang, J.,
Zeng, J., Yang, Y., Tang, J., Liu, N, " Biosorption behavior and
mechanism of cesium-137 on Rhodosporidium fluviale strain UA2
isolated from cesium solution," J. Environ Radioact., 134, 6-13,
2014.
Omar, H.A., Abdel-Razek, A.S., Sayed, M.S, "Biosorption of
Cesium-134 from Aqueous Solutions using Immobilized Marine
Algae: Equilibrium and kinetics," Nature and Science, 8(11), 214221, 2010.
Dighton, J., Terry, G.M, "Uptake and immobilization of cesium in
UK grassland and forest soils by fungi following the Chernobyl
accident," In: Frankland, J.C., Magan, N., Gadd, G.M. (Eds.),
Fungi and Environmental Change. Cambridge University Press,
Cambridge, 184-200, 1996.
Benson, H.J, “Microbiological application,” WM.C.Brown
publisher ,Dubque, Lowa, USA., 82-88,1985.

118

[23] Garland, J.L., Mills, A.L, "Classification and characterization of

[24]

[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]

heterotrophic microbial communities on the basis of patterns of
community level sole-carbon-source utilization," App. Environ.
Microbial., 57, 2351-2359, 1991.
Abdel-Razek, A.S., Abdel-Ghany, T.M., Mahmoud, S.A., ElSheikh, H.H., Mahmoud, M.S. "The use of free and immobilized
Cunninghamella elegans for removing cobalt ions from aqueous
waste solutions," World J Microbiol Biotechnol. 25(12), 213721450, 2009.
Li-sheng, Z., Wei-zhong, W., Jian-long, W, “Immobilization of
activated sludge using improved polyvinyl alcohol (PVA) gel,” J.
Environ. Sci., 19, 1293-1297, 2007.
Guibal, E, “Interactions of metal ions with chitosan-based sorbents:
a review,” Separation and Purification Technology 38, 43-74,
2004.
Gotoh, T., Matsushima, K., Kikuchi, K-I, “Preparation of
alginate–chitosan hybrid gel beads and adsorption of divalent
metal ions,” Chemosphere 55, 135-140, 2004.
Vijayaraghavan, K., Yun, Y.–S, “Bacterial biosorbents and
biosorption,” Biotechnol. Adv., 26, 266-291, 2008.
Park, J.K., Chang, H.N, “Microencapsulation of microbial cells,”
Biotechnol Adv, 18, 303-319, 2000.
Lakkis, J.M, “Encapsulation and Controlled Release:
Technologies in Food Systems,” 1st ed. Lakkis JM Eds.;
Blackwell Publishing, Ames, USA, 2007.
Sheng, P.X., Wee, K.H., Ting,Y.P., Chen, J.P, "Biosorption of
copper by immobilized marine algal biomass." Chem. Eng. J.,
(136), 156-163, 2008.
Abdel-Razek, S.A., Abdel-Ghany, M.T., Mahmoud, A.S., ElSheikh, H.H., Mahmoud, S.M, "Treatment of Liquid Hazardous
Wastes By Using The Fungus Cunninghamella elegans," J. Rad.
Res. App. Sci., (2)5, 890-902, 2009.

