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Abstract:

The capacity of the micro-organisms in ore transformations makes bioleaching technique
a very interesting alternative to conventional processes. Radiometric studies indicate high
uranium contents in ore and waste samples. This paper describes the suitable fungus species
for mobilization of U from low-grade U ores and their resulting wastes. The high bioleaching
efficiency in waste samples is mainly attributed to the presence of high sulfate contents in
these samples which converted by the aiding of microorganisms into sulphuric acids and
hence, increase the bioleaching efficiency. Fungal leaching technique demonstrated an
adequate recovery of uranium, with an efficient and cost-effective means from waste samples
and respect to the reuse of waste for economic and environmental purposes
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1. Introduction:

Uranium tailings are a waste by-product of uranium milling. In mining, raw uranium
ore is brought to the surface and crushed into fine sand. The valuable uranium-bearing
minerals are then removed via heap leaching with the use of acids or bases, and the remaining
radioactive sludge, called "uranium tailings", is stored in huge impoundments. Uranium
tailings can retain up to 85% of the ore's original radioactivity (Robinson et al. 1979).

If uranium tailings are stored above ground and allowed to dry out, the radioactive
sand can be carried for great distances by the wind, entering the food chain and water
resources. The danger posed by such sand dispersal is uncertain at best given the dilution
effect of dispersal. The majority of tailing mass will be exposed to atmospheric oxygen,
which can substantially alter their chemical behavior.

1.1 Role of fungi in pollution abatement

Use of microbiological methods for environmental remediation has come up as an
appreciable concept, which often acts as an eco-friendly approach (Prasenjit and Sumathi,
2005). Regarding sustainability, biological processes can contribute to a large extent to future
technologies, including also waste treatment (Ghazala et al., 2019).

In general, bioleaching is a microbiological process described as being "the
dissolution of metals from their mineral source by certain naturally occurring
microorganisms.

Bioleaching is mainly used in recovering copper, uranium, and gold from ores
(Narayan and Sahana 2009). There have also been many studies related to bioleaching of
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the waste from Cu mining (Dopson et al., 2009) in different mining areas from Europe,
Africa and Chile (Andras et al., 2008, Trois et al., 2007, Escobar et al., 2009).

Several mechanisms are involved in bioleaching, including (i) acidolysis; (ii)
complexolysis; (iii) redoxolysis; and (iv) bioaccumulation (Simate et al., 2010).

The current study focusses on the investigation of the ability of isolated fungi in
bioleaching of uranium from the ore and its resulting residual.

2. Geological aspects of the study area:

Sinai is considered as one of the promising, valuable and strategic areas in Egypt; if it is not
the most important at all. It is characterized by great biodiversity in different environs as well
as richness in natural and mineral resources. Field studies and surveys have been applied in
some regions with a high concentration of radioactive ores (especially uranium
mineralization), from these regions the study area, which is known as Allouga locality
southwestern Sinai, Egypt. It lies between longitudes 33° 20 and 33° 26 E and latitudes 29° 06
and 29° 12 N. as shown in Fig. (1). The uraniferous ore sample was collected from Um
Bogma Formation at Allouga locality.

Waste disposal

Figure (1): Geological map showing the studied locality and location of tailing wastes (After Al Shami 2003)

3. Materials and methods
3.1 Sampling

Two samples were collected; one ore sample (Q8) collected from Allouga locality
representing the ore used for uranium extraction while the other sample represents the
resulting solid waste after processing (W6) and collected from the sites of waste
accumulation. Waste materials were stored after acidic heap leaching and agitated tank
leaching of sedimentary rock ores. The resultant wastes were grouped in piles and generally
open-air stacked. The studied waste piles were stacked in a rectangular shape with defected
sides (Fig. 2). The studied waste sample was collected from the surface of their waste pile.
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Figure (2): Sketch showing the waste piles distribution in the studied area.
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3.2 Chemical analysis

A representative portion of the collected technological sample was properly prepared
through crushing and grinding to size minus 200 mesh. The major oxides were examined by
the rapid silicate analytical procedure (Shapiro and Brannock, 1962). This procedure
involves preparation of two main solutions; namely, an alkaline one for SiO, and A1,03 and
an acidic one solution for the other oxides determination of (CaO, MgO, total iron, Na,O,
K>0, etc.) Special sample portions were used for the determination of the weight loss at
various temperatures to estimate the loss on ignition (LOI).

3.2.1 Chemical determination of uranium

The uranium content of the samples was determined according to the method
described by (Davies and Gray 1964), This solution was titrated against standard NH;VOs.
the endpoint will be obtained at the appearance of a purplish color.

The uranium concentration will be calculated according to the following equation:
TxVqx103

U(mg/L)=x=—"——ppm (1)

Where: T is the titration intensity of NH,VO3 solution, V1 is the volume of NH,VVOj3 solution
consumed and V is the volume of the measured sample.

3.3. Radiometric analysis

Radiometric analysis of radionuclides was done using y-ray High Purity Germanium
HP-Ge Detector, in Nuclear Materials Authority (NMA), Qattameya, Egypt. The system used
for the analysis consisted mainly of High Purity Germanium Detector Model GMX60P4 with
its electronic circuits. The crystal has a diameter of 69.5mm and a length of 86.7 mm. Its
relative efficiency is 60% and the Peak-to-Compton ratio is 56:1. The FMWM at 1.3 MeV of
%Co is 2.3 keV. The efficiency calibration was performed by using three reference materials
obtained from IAEA for U, Th, and K which are named RGU.1, RGTh.1 and RGK.1
(Aghighi, et al., 2004, Atlas, 2006).

The collected samples were measured for their U, Th, Ra and K y-activities. About
300 g from each sample was packed in a plastic container, sealed well and stored for about 30
days before analysis to allow the in-growth of uranium and thorium decay products, prevent
the escape of radiogenic gases 2’Rn and **°Rn and allow secular equilibrium between U,
232Th, and their daughter products. After attainment of secular equilibrium, each sample was
counted for at least 24 hours (Tsuruta, 2005, Yang and Volesky 1999).

3.4. Microbiological techniques
3.4.1. Media preparation

Growing media composed of;1: NaNog, 2: KH,PO4, 1: MgSQO,4.7H,0, 0.5: KC1, 0.5;
FeSO,. 5H,0 traces; sucrose, 30: Agar, 15 and 5g. Yeast extract. The pH value of the
medium was adjusted to a value of 6.5 as described by (Raper and Thom 1954).

3.4.2 Fungal isolation

Two techniques were used for the fungal strain’s isolation from the ore samples, the
first one was the direct plating technique, in which fine ore powder was spread directly upon

271



J. Sci. Res. Sci.,Vol.(36), 2019

the surface of Dox agar plates under septic conditions, sealed and incubated at 30°C until the
fungal colonies grew. The second one was the dilution plate technique in which 1 g of ore
powder 0.2 mm mesh size was taken under the septic condition and mixed well with 9 m1 of
sterile distilled water, then a serial dilution was prepared, and 0.1 m1 of this mixture was
spread under a septic plate. The plates were incubated at 28°C+ 2 until colony development
was obtained (Gilman, 1957 and Pitt, 1979).

3.4.3 Purification and identification of isolated fungi

Hyphal tips of each colony were removed and plated upon the surface of Dox agar
plates. The developed colonies were examined under a microscope to detect contamination.
The pure isolated colonies were identified according to (Gilman, 1957, Pitt, 1979,
Moubasher, 1993 and Mostafa, 2006). The fungal isolates were maintained on Czapek’s-
Dox agar slants and sub-cultured every two weeks.

The tested fungi were identified based on macroscopic and microscopic
characteristics according to (Kilch 2002, Watanabe 2002 and Humber 1997) up to species
level.

3.4.%¢ Fungal activity determination

Direct method

One hundred ml of Dox liquid medium was placed in 250 ml Erlenmeyer flasks. The
flasks were supplemented with 1% of ore sample concentration. Triplicate sets of flasks were
prepared for each organism and ore. The flasks were autoclaved at 1.5 atm for 20 minutes,
after cooling the flasks were inoculated with 1 ml spore suspension and finally incubated at
30°C for 7 days in an orbital shaker at 100 rpm. At the end of the incubation period, the
culture medium was filtered and centrifuged at 4000 rpm to precipitate more particles. This
filtrate was kept for uranium determination.

3.4.5 Analysis of leach liquor
Estimation of uranium in leach liquor was done according to (Davies and Gray 1964)
and (Farag et al. 2015) by titration against 0.1% ammonium metavanadate.

4. Results
4.1 Major oxides

The obtained results showed in table (1) indicate that the ore and waste samples are
mainly composed of SiO,, CaO, MgO, Fe,O3; and Al,0;. Some oxides of major elements
such as SiO,, Fe,03, MgO, SO3;™ and Al,O3 display enrichment in the ore and waste samples.
The waste sample has lower CaO and L.O.l content suggesting lower carbonate and so
organic carbon contents.

The waste sample has nearly two folder SiO; of the ore sample due to the presence of
the remained gangue minerals fig (3). On the other hand, MnO, K0, Na;O TiO,, and P,0s
show low contents in the ore and waste samples. Uranium was analyzed radiometrically and
chemically. Chemically measured uranium of samples was higher than the radiometrically
measured uranium indicating the presence of recent uranium deposits resulting from later
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Figure (3): Major oxides percent in ore sample and waste sample.

processes affecting waste and surrounding rocks suggesting the necessary need for
waste management. Uranium contents reach up to 1650 and 302 ppm in the ore and waste
samples, respectively.

Table (1): Concentrations of major oxides in (wt%) for ore and waste sample.

Oxide Original sample Waste sample
% Q8 W6
SiO, 34.25 63.61
Al,04 8.29 9.41
TiO, 0.48 0.62
Fez()gt 5.08 7.52
MgO 8.49 0.9
CaO 13.19 2.92
Na,O 0.04 0.31
K0 0.99 1.81
MnO 0.49 0.78
P,Os 0.03 0.08
S0O3” 7.57 7.72
S 3.03 3.08
L.O.l. 21.14 4.32
Total 100.04 100
U* (ppm) 1506 240
U** ppm 1650 302

Fe,O3" total iron L.O.1.: Loss of ignition
U* Uranium concentration using HP-Ge detector.
U**: Uranium concentration by chemical analysis.

4.2 Radiometric investigations:

In this work, Hyper-pure germanium (HP-Ge) based high-resolution gamma
spectrometry is applied for detection and measurement of natural radioactivity. The activity
concentrations are expressed in Bg.Kg™ for the measured radionuclides ***U and 2*Th series
indicate the radioactive equilibrium/disequilibrium as also noticed by Walley EI Dine (2007).
Equilibrium achieved if the activity between parent/ daughter or between daughter/ parent is
equal to unity.

4.2.1 Distribution of radionuclides in study samples (Allouga locality)

The obtained results for the activity concentrations of 28 U, 2°U, 24U, #°Th, ?*°Ra,
K as well as their ratios are reported in Table (2) in (Bg/kg) for the studied Allouga
representative sample (Q8) by HP-Ge detector. The activity concentrations of 22U, **Th,
22°Ra, and “°K are 21208.8+311.13, 52.07+14.13, 12573.24+75.25 and 235.69+24.71 Bq.Kg’
! respectively. The world concentration limits of 22U, 2°Th, *Ra, and “°K are equal to 33,
45, 32 and 412 Bq.Kg™?, respectively (UNSCEAR, 2008). The activity concentrations of all
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the studied radionuclides in the representative sample have higher values relative to that
recorded in the (UNSCEAR, 2008).

240/2%8U, 29Th/”BU, and 2°Ra/**®U ratios are 0.72+0.14, 0.62+0.05, 0.59+0.02 Bg/kg which
show disequilibrium in the direction of uranium concentrations and indicate U-migration-in
for these sedimentary rocks. The *®U/%2Th ratios support the previous observation as it is
407.31 which deviate from the natural (magmatic) ratio 1:3 in the direction of U-migration-
in.

28/%U ratio was 21.78+1.25 which is within the natural ratio (21.7). 2*U/**U ratio
15.70+3.31 is diverted from the normal ratio. It has been known for decades that there is a
decreased amount of **U in soil due to that the ***U is more leachable than ***U as a result of
the alpha-recoil phenomenon (Gregory, et al., 2010 and Kumar, et al., 2016). The ratio of
?2Ra /*°Th was 0.96+0.06 show equilibrium between ?°Th and his daughter **°Ra.
Similarly, the ratio of ?**Pb/?*Ra and *** Bi/?°Ra were 0.90+0.01 and 0.95+0.01 which also
show equilibrium between “°Ra and their daughters ?**Pb and #* Bi which could be due to
radon accumulation and aided by poor mobility of ***Pb and ?** Bi. So, from the obtained
results of these ratios indicate that U-migration-in these sedimentary rocks could be the main
cause for the disequilibrium in these samples.

Table (2) also represent the activity concentration of mill tailing sample. It was found
that the activity concentration of 28U 2350.96+113.11 Bq/Kg, and that ***Th of 64.74+6.58
Bag/Kg, for >°Ra 8215.78+69.87 Bg/Kg , while “°K has 462+10.1Bg/Kg. The studied tailing
also has higher values relative to that recorded in the (UNSCEAR, 2008).

In several uranium mines around the world, the presence of oxidizing sulfides in the
tailings and waste rock is the main reason for the most important potential environmental
problem (Fernandes et al., 1998). SO3 ~ content in the studied waste reach up to 7.72 wt.%
(Table-1) which has a plausible effect in radionuclides translocation if reaches to the water
table.

The 2*U/*U (2.6 + 0.24) >1 in tailing waste sample which may result from a- recoil
and re-adsorption or co-precipitation of “*U by amorphous materials. It has been
demonstrated experimentally that some minerals such as clays or iron/manganese oxide
phases are efficient in removing radionuclides from the soluble phase (Duff et al., 2002).

The organic matter content may also contribute significantly to chemical fractionation
between uranium and its long-lived daughters (Dosseto et al., 2006). Tailings from waste
sample show a clear disequilibrium (Z°Th/?%8U >1), this probably results from the leaching of
U that would be fixed again to the solid phase. Preferential complexation of thorium with
dissolved organic matter, which enhances its mobility, and hence leads to depletion in
residual compared to uranium, However, *°Th/**U (0.79+ 0.4) < 1in waste sample due to the
large existence of the **U in these wastes. The radioactive disequilibria of Z°Th/?*U are
mainly produced by a-decay enhanced dissolution, re-adsorption and re-precipitation of ***U.
Thorium isotopes are significantly associated with colloids (Short 1988). Mobility of **Ra is
suppressed by high concentrations of sulfate ions leading to the formation of stable
(precipitated) RaSO., and thus reducing the mobility of radium, leading to ***Ra/**®*U and
220Ra/**Th>1, in addition to ?“Bi/**°Ra and #*Pb/**Ra<1 for tailing waste sample. *°Ra
shows equilibrium with their daughters #*Pb and ** Bi which may be due radon
accumulation and aided by poor leaching of #*Pb and ?* Bi as *°Ra. It was found that
28/75U ratios are within the natural ratio (21.7). So, leaching of the two elements has the
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same behavior and the same leaching efficiency. Vice versa the 2*U/**U ratio which out of
the natural ratio which could be resulted from a- recoil and re-adsorption or co-precipitation
of 2*U by amorphous materials.

Table (2): Measured HP-Ge-specific activity concentrations in Bg/kg for radionuclides of #®U-, ?*°U-, #*Th-
series and “°K with their total uncertainty values of ore and waste sample.

Waste sample

Nuclide Ore sample

08 W6

Uranium-series(**U)
B4Th 21023.58+154.93 2337.78+50.04

2ampg 21394.01+467.32 2364.14+176.18
Av. 21208.8+311.13 2350.96+113.11
2 15287.89+2681.59 6119.28+273.01

20Th 13078.71+716.95 4858.53+368.62
28R4 12573.24+75.25 8215.78+69.87

214py, 11310.10+41.72 6466.41+22.34

2 11418.43+34.65 6464.19+18.18
20p1, 10621.33+107.26 5510.52+47.79

Uranium-series (**U)
- 973.62+34.35 107.72+13.28

Thorium-series (**Th)
28 51.71+£7.91 64.53+8.22

208 52.44+4.23 65.95+3.3
Av. 52.07+14.13 64.74+6.58
0K 235.69+24.71 462+10.1
EUPEEY) 21.78+1.25 21.82+3.74
ZhyPsy 15.70+3.31 56.81+9.54
EUPEEY) 0.72+0.14 2.60+0.24
28Ry 0.59+0.02 3.49+0.2
Z0Th/28Y 0.62+0.05 2.07+0.26
Z0Th/24y 0.86x0.11 0.79+0.4
26Ra /Z°Th | 0.960.06 1.69+0.14
24ph/2%Ra | 0.90+0.01 0.79+0.01
24Bi/*Ra | 0.950.01 0.79+0.01
238y/22Th 407.31+1.3

These hazard wastes need remediation and management, so we must isolate the suitable
microorganism for remediation of these wastes.

4.3 Microbiological investigations
The microbiological assays comprise microorganisms isolation of the most growing
strains from two samples Q8 as original sample (ore sample) and W6 as tailing waste sample.

4.3.1 Microorganisms isolation and identification

Five fungal species were successfully isolated from the tested samples. Examination
of the isolated fungi revealed that they belong to the genus Aspergillus. They have septate
mycelium with a vesicle at the end of sporophore bearing catenate conidiospores and also
form ascospores. The cultures on Czapek’s agar plates are shown in Fig. 4. The tested isolates
belong to 5 species (Asp. Lentulus, Asp. flavus, Asp. Niger, Asp. Felis, and Asp. fumigatus).
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4.3.2 The direct microbial leaching studies on Q8 and W6

Indigenous fungal isolates showed variable U bioleaching abilities using direct
techniques. The direct bioleaching efficiencies were different for the tested isolates (Fig. 5).

All of the tested fungi could grow in the presence of 1% ore concentration of the
studied waste sample (W6) and their leaching efficiencies were tabulated in Table (3) and
Fig. (5), which reveals that A. lentulus was superior and followed by Asp. Niger (68 and 54%)
respectively bioleaching efficiency of uranium. Since the bioleaching efficiency of uranium
obtained with A. lentulus was the highest relative to the other fungi.

The high bioleaching efficiencies for those isolates using direct method may be due to
the increased interaction between the hyphae and the rock sample and in the same time
withstanding the toxicity of radionuclides and/or heavy metals leached from the sample into
the culture filtrate due to having certain features that enables them to resist heavy metals
and/or radionuclides’ action. It may also be because the genes are responsible for the
production of secondary metabolites and enzymes that aid in the bioleaching process was
upregulated in the presence of the sample. Since the bioleaching efficiency of uranium
obtained with A. lentulus was the highest relative to the other fungi. Sharma et al. (2009)
studied the effect of Aspergillus lentulusAMLOS5 species on the treatment of Cr (VI) from
industrial zone effluents at Wazirpur, India. They found that the prevailing factor helps the
removal of Cr (V1) with 99.8% under pH=6.5 for 120 hours as an optimum condition.

Kaushik and Malik (2011) applied three variables of dye concentration, urea, and
nutrient glucose to control dye remediation by Aspergillus lentulus FJ172995. they reached
to dye treatment/ removal efficiency up to 99.7% by optimizing the mentioned controlling
conditions.

Figure (4): Microscopic and culture pictures of isolated fungus from the studied samples by a binocular
microscope (X400). a: Asp. Flavus, b: Asp. Lentulus

c: Asp. Fumigatus  d: Asp. Niger e: Asp. Felis
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Table (3): Leaching efficiencies of the isolated species for uranium

Uranium
Bioleaching efficiency %
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Figure (5): Leaching efficiencies for the isolated species from the studied sample
5. Conclusion and recommendation:

Bioleaching has been proved to be an alternative and economically friendly technique
that should be passed to a larger scale to maximize its efficient role. Radiometric studies
clearly show high uranium contents in the ore and waste samples. The noticeable difference
between radiometrically and chemically measured uranium, in addition to a high sulfur
concentration in the ore and waste samples, confirms that uranium and other radio-and toxic
elements were mobilized to the surrounding environment and indicate the vital need for waste
management especially with the annually occurring of flash floods. Microbiological studies
show that Aspergillus species represent the main isolates. Bioleaching experiments confirm
that A. lentulus is the most efficient species in uranium bioleaching and so in bioremediation
processes. More studies are necessary for bioremediation processes concerning other radio-
and toxic elements rather than uranium.

6. References:

Aghighi, S., Shahidi Bonjar, G. H., and Saadoun, 1. (2004). First report of antifungal
properties of a new strain of Streptomyces plicatus (strain 101) against four Iranian
phytopathogenic isolates of Verticillium dahlia, A new horizon in biocontrol agents.
Biotechnology.3(1):90-7.

Al Shami, A.S. (2003). Structural and Lithologic Controls of Uranium and Copper
Mineralization in Um Bogma Environs, Southwestern Sinai, Egypt. Ph.D. Thesis,
Mansoura University, Egypt, pp. 205.

277



J. Sci. Res. Sci.,Vol.(36), 2019

Andrag, P., Adam, M., Chovan, M., and Slesarova, A. (2008). Environmental hazardous of
the bioleaching of ore minerals from waste at the Pezinok deposit. Carpathian Journal of
Earth and Environmental Sciences, 3: 7-22.

Atlas, R. M. (2006). Handbook of microbiological media for the examination of food. 2nd
ed. New York: CRC Press, Taylor & Francis Group, LLC; 446 p.

Davis, W. and Gray, W. A. (1964). Rapid and specific titrimetric method for the precise
determination of uranium using iron (11) sulfate as reductant. Talanta, 11: 1203-1211.

Dopson, M., Lovgren, L., & BostrOm, D. (2009). Silicate mineral dissolution in the
presence of acidophilic microorganisms: Implications for heap bioleaching.
Hydrometallurgy, 96, 288-293. DOI: 10.1016/j.hydromet.2008.11.004.

Dosseto, A., Bourdon, B., Gaillardet, J., Maurice-Bourgoin, L. and Allegre, C. J. (2006).
Weathering and transport of sediments in the Bolivian Andes: Time constraints from
uranium-series isotopes. Earth and Planetary Science Letters, 248, pp. 759-771.

Duff, M.C., Coughlin, J.U. and Hunter, D.B. (2002). Uranium co-precipitation with iron
oxide minerals. Geochimica et Cosmochimica Acta, pp. 3533-3547.

Escobar, B., Buccicardi, S., Morales, G., and Wiertz, J. (2009). Bacterial oxidation of
ferrous iron and risks at low temperature: their effect on acid mine drainage and
bioleaching of sulfate minerals. Advanced Materials Research, 71-73, 433-436.

Farag, N. M., El-Sayed, G. O., Morsy, A.M.A., Taha, M.H., and Yousif M.M. (2015).
Modification of Davies & Gray method for uranium determination in phosphoric acid
solutions. IntJ Adv Res. 3(12):323-37.

Fernandes, H. M., Franklin, M. R. and Veiga, L.H. (1998). Acid rock drainage and
radiological environmental impacts. A study case of the Uranium mining and milling
facilities at Poc,o0s de Caldas. Waste Management, 18, pp. 169-181.

Ghazala, R. A., Fathy, W. M., and Salem, F. H. (2019): ” Application of the produced
microbial citric acid as a leachate for uranium from EIl-Sebaiya phosphate rock ”. Journal
of Radiation Research and Applied Science. 12(1):78-86.

Gillman (1957). A manual of Soil Fungi. The Lowa State University Press, Ames, Lowa,
USA.

Gregory, B.A,, Lars, B.E., lan, H.D., Michael, S.A., and Ariel, A.D. (2010). Natural
variations in uranium isotope ratios of uranium ore concentrate: Understanding the
287U fractionation mechanism. Earth and Planetary Science Letters, 291: p. 228—
233.

Humber, R.A. (1997). Chapter V-1 - Fungi: Identification. In: Lacey LA, editor. Manual of
Techniques in Insect Pathology. London: Academic Press. p. 153-85

Kaushik, P. and Malik, A. (2011). Process Optimization for efficient dye removal by
Aspergillus lentulus FJ172995. Journal of Hazardous Materials.185(2-3):837-843.

Klich, M.A. (2002). ldentification of Common Aspergillus Species. Utrecht-Germany:
Centraalbureau Voor Schimmelcultures; 2002.

278



J. Sci. Res. Sci.,Vol.(36), 2019

Kumar, A., Karpe, R.K,, Rout, S. Gautam, Y.P., Mishra, M. K., Ravi, P.M. and
Tripathi, R. M. (2016). Activity ratios of ***U/~®U and ?*Ra/**Ra for transport
mechanisms of elevated uranium in alluvial aquifers of groundwater in southwestern
(SW) Punjab, India. J. of Environmental Radioactivity, 151: p. 311-320.

Mostafa, H. (2006). Zygomycetes. Fungi of Egypt AUMC descriptions No. 1. Assiut
University, Mycological Center (AUMC), Assiut, Egypt.

Moubasher, A. (1993):” Soil fungi in Qatar and other Arab countries”. Published by the
Center for Scientific and Applied Research, Univ. of Qatar, Doha, Qatar.

Narayan, S. J., and Sahana, S. (2009). Bioleaching: A review. Research Journal of
Biotechnology, 4, 72—75.

Pitt, J., 1979:" The Genus Penicillium and its Teleomorphic state. Eupenicillium and
Talaromyces". Academic Press, London, New York, Toronto, Sydney.

Prasenjit, B. and Sumathi, S. (2005). “Uptake of chromium by Aspergillus foetidus,”
Journal of Material Cycles and Waste Management, vol. 7, no. 2, pp. 88-92.

Raper, K. And Thom, C. (1954). A manual of the Aspergilli. Williams and Wilkins Co.,
Baltimore, Md.

Robinson, P., Hector, A., Luis, J., Benavides, D., Hancock, D. (1979), "Uranium Mining
and Milling: A Primer" (PDF), The Workbook, Albuquerque, New Mexico: Southwest
Research & Information Centre, 4 (6-7).

Shapiro, L. and Bronnock, W.W. (1962). Rapid Analysis of Silicate, Carbonate, and
phosphate rocks.U.S.G.S. Bull., 114: 1-8.

Sharma, S., Anushree. M. and Santosh, S. (2009). Application of Response Surface
Methodology (RSM) for optimization of nutrient supplementation for Cr (V1) removal by
Aspergillus lentulus AMLO5. Journal of Hazardous Materials, 164:1198-1204.

Short, S.A. (1988). Chemical transport of uranium and thorium in the Alligator river uranium
province, Northern Territory, Australia. University of Wollongong Thesis collections.

Simate, S., Ndlovu, S., Walubita, L.F. (2010). The fungal and chemolithotrophic leaching
of nickel laterites—Challenges and opportunities. Hydrometallurgy 103: 150-157.

Trois, C., Marcello, A., Pretti, S., Trois, P., and Rossi, G. (2007). The environmental risk
posed by small dumps of complex arsenic, antimony, nickel and cobalt sulfides. Journal
of Geochemical Exploration, 92, 83-95. DOI: 10.1016/j.gexplo. 2006.05.003.

Tsuruta, T. (2005). Removal and recovery of lithium using various microorganisms. J Biosci
Bioeng.100(5):562-6.

UNSCEAR, United Nations Scientific Committee on the Effect of Atomic Radiation
(2008). Sources and Effects of lonizing Radiation. Report to General Assembly, with
Scientific Annexes, United Nations, New York.

Walley El-Dine, N., Sroor, A., El-Shershaby, A., EI-Bahi, S. M. and Ahmed, F. (2004).
Technical Note, Radioactivity in Local and Imported Kaolin Types Used in Egypt.
Applied Radiation and Isotopes, V. 60, pp. 105-109.

279


http://www.sric.org/uranium/1979_SRIC_URANIUM_PRIMER.pdf
http://www.sric.org/uranium/1979_SRIC_URANIUM_PRIMER.pdf

J. Sci. Res. Sci.,Vol.(36), 2019

Watanabe, T. (2002). Pictorial atlas of soil and seed fungi: Morphologies of cultured fungi
and key to species. 2nd ed: CRC Press LLC.

Yang, J., Volesky, B.(1999). Removal and concentration of uranium by seaweed biosorbent.
Process Metall. 9:483-92.

Slbil) o Gald JSdy 38 A ae il g ald) cilial 4 gl g g S0 g e lad) cilifial
datlaall cililaat dlial)

Jhadh ae o) g ¥ ad Ciudall) ae Gilde [a ) g ¥ s pbaa Gl U L2 5 Fleae ) el
* AL G Pl daaa fa) 9 * salall JUsBY 4l ) [2,) g *FF aDl dasa

s (e dnals = L il o plelly U L) S - o ol i

T odie Sy 4 geall LAY 405 Jasd el dallae o dadall duall cluls) 5 0 o)
sl sl e Adlle dad dsa s A AeladY) il pall & Al Clleal) (e 4lall alaia3
aoil sl LAY Al &y yladl) &\)ﬂ Ay ga Sl e gl el alalall cilie 8
Clie b Al dysanll LIV 5l (ot Lgie Aadll i)y 58 il dcaidie A (g
lelisad o lls il oda (8 il (e Alle Cligine 2sas G eubad I3 cillal
el Ay gad) 43Y) 50 lS saly ) Mllg ¢ el Sl aleald ) S8l dall Sl sac Ly
Can (e Allad g Adle 5eUS 0l Al g Ll il ae ¢ sl ) sall Uilia 130yl 3y o) 403y 45
Aaiial sile) e S Lee il cilipal Lol jualiall (el Gadiuyl Jaeey dall)
La) gina (e 3L Al g Aualaidy il e DU cullal)

280



