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Abstract
The fungi Fusarium oxysporum, Penicillium notatum, Aspergillus niger and Rhizopus have been used to
solubilize iron from naturally occurring silica-sand. Aspergillus niger and Penicillium notatum solubilized
90.33% (w/w) of iron from the sand after 21 days, while Fusarium oxysporum and Rhizopus achieved
87.07% (w/w) and 82.42% (w/w) respectively, all at atmospheric pressure and average room temperature
of 300C based on an initial iron content of 0.43mg/ml. Aspergillus niger was the most efficient fungi based
on the spread of percentage iron leached out over time. The work also revealed that the pH of the mixture
(media + sand + inoculum) does not need to be below 3 for the fungi to be active. The use of Aspergillus
niger and Penicillium notatum in the processing of silica-sand for the manufacture of colourless glass should
be preferred to acid wash because it is eco-friendly and cheaper.
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1.0 Introduction

Glass manufacturers must reduce the iron content
of silica-sand to a certain level for it to be used to
manufacture glass. The iron impurity may exist as
discrete particles or as surface staining on the sand
grains or impregnate the silicate matrix. Discrete
particles of iron are effectively removed by several
processes which include gravity settling and flotation.
However, stains on the surface and in the matrix of
the silica sand may require beneficiation, heat
treatment and acid-wash to remove them. The
process is energy intensive and not eco-friendly (see
US Patent; British Patent). Even the chemicals that
are used are hazardous and expensive.

The use of microorganisms in place of chemicals for
the extraction of metals has continued to generate a
lot of interest and has been studied by many
researchers (Styriakova et al., 2007; Bansal et al.,
2005; Mulligan and Kamali, 2003; Pradhan et al.,
2006; Pradhan et al., 2008; Bansal et al., 2007;
Hosseini et al. 2007). Bioleaching processes are
based on the ability of micro-organisms (bacteria
and fungi) to transform solid compounds to soluble
and extractable forms which can be recovered.
Bacteria are thought to chiefly produce monobasic
acids, e.g., acetic, butyric and lactic acids, while the

formation of polybasic acids, e.g., oxalic, citric and
fumaric acids, is almost entirely limited to fungi
(Raistrick and Clark, 1919). Barroso, Pereira and
Nahas, 2006, working with Aspergillus niger found
that it has the ability to solubilize inorganic
phosphates at low pH through the production of
acids- citric, gluconic, glicolic, succinic and oxalic
acids. Though oxalic and citric acids predominate,
the composition of acids produced in bioleaching
seems to depend on the microorganism used and
the carbon source. The acid forms a complex with
metallic cations. The ability of the acid as a
complexing agent depends on the number and
position of its functional carboxylic and phenolic
groups.

Bioleaching applications are many and varied, and
the chemistry is fairly straight forward (Neale, 2006;
Rawlings, Dew and Plessis, 2006; Nurmi, 2008;
University of Southampton SERG, 2008). For
example, the bioleach microorganisms catalyze the
oxidation of ferrous iron and sulphur, to produce
ferric iron and sulphuric acid according to the
following equations:
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The ferric iron reacts with mineral sulphides to
produce ferrous iron and sulphur according to the
general scheme:

SFeMFeMS   223 22

Naturally occurring silica-sand contains various iron
and clay which must require some form of
beneficiation to reduce the Fe

2
O

3
 content to a level

suitable for use in the production of colourless glass.
The level is generally about 0.03% Fe

2
O

3
.

Styriakova et al. 2007 have shown that the bacteria
Bacillus spp could reduce the iron content of quartz
sand to 60%.

In this work, four different fungi, Aspergillus niger,
Fusarium oxysporum, Penicillium notatum and
Rhizopus have been used to check the possibility of
reducing the iron content of silica-sand to the
required specification for glass making with little or
no additional treatment. The objective is to identify
the most effective fungi among them for the
bioleaching of iron from silica-sand and the effect of
pH on their performance.

2.0 Materials and Methods

2.1 Presence of Iron in Silica-Sand
10kg of naturally occurring sand were obtained from
Otamiri river in Owerri, Imo State, Nigeria and
washed with distilled /de-ionized water to remove
clay and other unwanted materials adhering to the
surface of the sand. Subsequently the sand was dried
and 0.5g of it was digested in concentrated
hydrochloric acid solution and evaporated nearly to
dryness to remove excess acid. 5ml of 0.1M
potassium permanganate solution were added to
oxidize the iron to iron III state and distilled / de-
ionized water was added to make it up to 100cm3.
40cm3 of the solution was taken and put in a
graduated flask. When 5cm3 of the thiocyanate
solution and 3cm3 of 4M nitric acid were added and
de-ionized water used to make up the mark to
100cm3, the colour of the solution changed to ox-
blood, indicating the presence of iron in the sand.

2.2 Preparation of Standard Solutions
Standard solutions containing 0.02 to 0.1mg/ml iron
III were prepared and the absorbance of the solutions
was determined with a uv/visible spectrophotometer

(Jenway model 6305). The results are given in Table
1 and Figure 1. Figure 1 was used to identify the
initial concentration of iron in the sand as 0.43mgl/
ml.

2.3 Preparation of Media
Sabouraud Dextrose Agar (SDA) was prepared by
adding 10g/dl mycological peptone oxide to 40g/dl
dextrose and 15g/dl agar. The pH measured with
cyberscan 510 pH meter was within the standard of
7.4 ± 2.

62g of the granules of the SDA were dissolved in 1
litre of sterile distilled / de-ionized water and allowed
to soak for 10min, before mixing and sterilizing with
an autoclave at 1210C for 15min. It was then cooled
to 450C before emptying into sterile petri-dishes.

2.4 Macroscopic and Microscopic Identifi-
cation of Fungi

1g of soil sample was inserted in 9ml of sterilized
normal saline, and 1ml of this solution was diluted
further in 9ml of sterilized normal saline. 0.1ml was
pipetted and spread evenly on solidified SDA, then
incubated at 300C for 72 hours. The fungal isolates
were macroscopically identified based on their
morphology and colour of the surfaces of the
colonies. References were made to fungal
identification guidelines described by Samson, et al.,
1977.

For microscopic identification, wet mounts of the
isolates were prepared using lactophenol cotton blue.
A drop of the lactophenol cotton blue was placed
on a sterile grease-free slide with a sterile dissecting
needle. A small portion of the inoculum was collected
and teased on the slide. The preparation was covered
with a cover slip and examined under a microscope
using low (x10) and high power (x10) objective with
the Irish sufficiently closed to give a good contrast,
for the purpose of observing hypha cells and spores.

2.5 Inoculation of Silica-Sand with Fungi
The aerobic condition of 1-litre Erlenmeyer flasks
containing 250ml of the medium, 20% v/v inoculum
of the fungi (maximum biomass concentration of 2 x
108 cells/ml) and an initial loading of silica-sand
containing 0.43mg/ml of iron was maintained by fixing
a non-absorbent cotton to the mouths of the flasks
(Basset et al., 1986). The pH of the mixture was
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monitored and the leachate was analyzed for iron
over time. To improve reproducibility, several of such
experiments were conducted over the time range 3
days 6, 9, to 21 days. The various fungi (Fusarium
oxysporum, Penicillium notatum, Aspergillus niger
and Rhizopus) had earlier on been isolated from sand
and water by some standard methods (Warcup,
1950; Dix and Webster, 1995). The results are given
in Tables 2 to 6.

Table 1: Iron III standard solution data

Table 2: Concentration – time data of silica-sand
treated with the fungi fusarium oxysporum

Table 3: Concentration – time data of silica-sand
treated with the fungi penicillium notatum

3.0 Results and Discussion

Interest in the use of bioleaching to recover metals
from their ores has grown over the years and has
found expression in commercialized plants for the
production of gold, copper and several other metals
(Mulligan and Kamali, 2003; Pradhan et al., 2006;
Pradhan et al., 2008). In this work the effectiveness
of the various microorganisms used is compared.

Concentration 
of Iron III 
(mg/ml) 

0.02 0.04 0.06 0.08 0.10 

Absorbance 
From 
UV Spec

0.070 0.135 0.210 0.280 0.350

Time 
sand 
was 
treated 
(days)

Weight
of

sand
(g)

Leachate 
absorbance 
from 
UV Spec

concentration 
of iron leached 
out from the sand 
(mg/ml) 

% Iron 
leached 
out from
the sand 

3 0.5 0.35 0.1000 23.25 
6 0.5 0.59 0.1686 39.20
9 0.5 0.72 0.2056 47.81
12 0.5 0.94 0.2688 62.51
15 0.5 1.22 0.3488 81.12
18 0.5 1.25 0.3570 83.02
21 0.5 1.31 0.3744 87.07

Time 
sand
was treated 
(days)

Weight 
of
sand 
(g) 

Leachate 
absorbance 
from 
UV Spec

Concentration
of iron leached

out from the
sand

(mg/ml)

% Iron 
leached 
out from 
the sand 

3 0.5 0.34 0.0972 22.60
6 0.5 0.66 0.1886 43.86
9 0.5 0.93 0.2656 61.77
12 0.5 0.99 0.2828 65.76
15 0.5 1.18 0.3372 78.42
18 0.5 1.27 0.3681 85.60
21 0.5 1.36 0.3884 90.33 

Time 
sand
was 
treated 
(days)

Weight
 of
sand 
(g) 

Leachate
absorbance

from
UV Spec

Concentration
of iron leached

out from the
sand

(mg/ml)

% Iron 
leached 
out from 
the sand 

3 0.5 0.42 0.1200 27.90
6 0.5 0.75 0.2144 49.86
9 0.5 0.81 0.2316 53.86
12 0.5 1.10 0.3144 73.12
15 0.5 1.22 0.3484 81.02
18 0.5 1.29 0.3687 85.74
21 0.5 1.36 0.3884 90.33

Tables 4: Concentration – time data of silica-sand
treated with the fungi aspergillus niger.

Tables 5: Concentration – time data of silica-sand
treated with the fungi rhizopus

Table 6: Variation of ph with time when silica-sand
was treated with different fungi

3.1 Effect of Time on pH.
The initial loading of silica sand for the various inoculi
was the same. In the course of the experiment with
the different fungi, the pH of the broth (media + sand
+ inoculi) decreased to a point and then began to
increase (Figure 2). The decrease in pH is usually
associated with the production of dibasic acid e.g.,
 oxalic acid, citric and gluconic acids. Aspergillus
Niger gave the lowest pH, at pH = 2.34, followed
by Fusarium oxysporum that achieved pH of 3.2. If

Time 
sand
was 
treated 
(days)

Weight
 of
sand 
(g) 

Leachate 
absorbance 
from 
UV Spec

Concentration 
of iron leached
out from 
the sand
 (mg/ml) 

% Iron 
leached 
out 
from 
the sand 

3 0.5 0.45 0.1287 29.93
6 0.5 0.62 0.1772 41.21
9 0.5 0.83 0.2372 55.16
12 0.5 0.98 0.2800 65.12
15 0.5 1.13 0.3228 75.07
18 0.5 1.15 0.3287 76.44
21 0.5 1.24 0.3544 82.42

Time 
sand
was 
treated 
(days)

Weight
 of
sand 
(g) 

Leachate 
absorbance 
from 
UV Spec

Concentration 
of iron 
leached
out from 
the sand
 (mg/ml) 

% Iron 
leached 
out 
from 
the sand 

1 5.95 5.89 6.06 5.78
3 5.38 5.08 5.16 5.14
6 4.82 4.95 4.68 4.91
9 4.26 4.67 3.26 4.97
12 3.20 4.40 2.70 4.97
15 5.00 3.63 2.34 5.00
18 5.01 3.92 3.10 5.03
21 5.91 4.03 5.2 5.45
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strictly speaking the presence of dibasic acid is
responsible for the solubilization  of iron in the silica-
sand, based on Figure 2, it will be expected that
Aspergillus Niger will be most effective in solubilizing
iron followed by Fusarium oxysporum under the
same conditions of the experiment. The results shown
in tables 2 to 5 do not support this argument.
Penicillium notatum whose lowest pH (3.63) was
achieved the same day (15th day) as Aspergillus
niger’s lowest pH (2.34) solubilized 90.33% (w/w)
iron which is the same amount achieved by
Aspergillus niger based on an initial iron content of
0.43mg/ml. Fusarium oxysporum achieved 87.07%
solubilization of iron while Rhizopus with the lowest
pH of 4.91 solubilized 82.42% iron from silica-sand
after 21days. The results show that pH may not be
the only parameter that affects solubilization of iron
from silica-sand. The type of microorganisms used
seems to have an effect on solubilization of iron from
silica-sand. The claim by Pathak, Dastidar and
Sreekrishnan, 2009 that leaching of iron becomes
effective at pH of 3 or less is not supported by our
finding, since Penicillium notatum achieved up to 90%
solubilization of iron in 21days when the pH of the
mixture was above 3.5. The rise of the pH of the
mixture after falling to a minimum is appropriate since
leaching of iron entails depletion of the acid in
converting Fe2+ to Fe3+. The presence of metabolites
as the leaching progresses also serves as a buffer.

3.2 Effect of pH on Iron Concentration in
the Leachate

Since the measurement of iron concentration in the
leachate was cumulative, it is not possible to use
these data to determine the rate of solubilization of
iron from the silica-sand. However, it can be seen
from Figure 3, that with each fungi, when the pH of
the mixture falls, the slope of the curve is sharper
than when the pH rises. It shows that the rate of
solubilization of iron from silica-sand is higher when
the pH falls than when it rises; it is with Rhizopus
that the response is uncertain.

3.3 Effect of Time on Concentration of Iron
in the Leachate

Figure 4 shows the relationship between percentage
of iron leached out from the sand and time. In the
first 3 days, Rhizopus was most effective in
solubilizing iron from silica-sand, having produced

29.93% iron (w/w) in the leachate. Probably
Rhizopus was the most adapted of all the fungi at
the time of start of the experiment. After day 3,
Aspergillus niger consistently leached out more iron
from the sand than any other fungi followed by
penicillium notatum.  Aspergillus niger is the most
active fungi, among those used to leach iron from
silica-sand. This corroborates the findings of other
workers on Aspergillus niger (Mulligan and Kamali,
2003; Pradhan et al., 2006; Pradhan et al., 2008;
Bansal et al., 2007; Hosseini et al. 2007; University
of Southampton SERG, 2008; Pathak, Dastidar and
Sreekrishnan, 2009).

Figure 1: Variation of absorbance with concentra-
tion for the standard solution of Iron III

Figure 2: Variation of pH with time for different
inoculi
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Figure 3: Variation of pH with Iron concentration in
the leachate

Figure 4: Variation of % Iron in Leachate with time

4.0 Conclusion

Bioleaching of iron from silica-sand to purify it is
feasible. Amongst the fungi used, Aspergillus niger
and Penicillium notatum  solubilized 90.33% iron (w/
w) from the silica-sand based on an initial iron content
of 0.43mg/ml. Fusarium oxysporum and Rhizopus
solubilized 87.07 % (w/w) and 82.42 %( w /w) iron
respectively from the sand. Figure 4 shows that
Aspergillus niger was the most efficient as seen by
the spread of percentage iron leached out over time.
This study shows that the pH of the mixture (media
+ sand + inoculi) did not need to be below 3 for the
microorganisms to be active. The use of fungi to
purify silica-sand will be a preferred process to
chemical wash because it will be cheaper, fungi being
naturally occurring, and the products of bioleaching
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also are environmentally friendly. This is unlike
chemical wash where the chemicals are expensive,
and the products of leaching are hazardous and
require large settlement basins for treatment.
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