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Biosorption removal of iron from water by Aspergillus niger

M. M. Zareh ®'™, Ashraf S. El-Sayed® and Dina M. El-Hady ®'

The expulsion of iron from water is an essential issue. Exceeding iron concentrations in water, it become more toxic and cause
several troubles for human health and environment. The biosorption is the upcoming mechanism to treat the iron from
wastewater. Microorganisms perform an important function in the bioremediation of wastewater. This study was conducted to
investigate the removal of iron by dried biomass of Aspergillus niger (A.niger). The dried A. niger was tested as a sorbent for the
removal of iron from wastewater. The effects of various experimental parameters as initial iron concentration, amount of biomass,
contact time and the initial pH solution were examined and optimal experimental conditions were obtained. The obtained
adsorption results were fitted to the Langmuir, Freundlich, and Temkin equations. The study showed that dried A. Niger biomass in
high concentration 4 g/100 ml was found to be more effective in the removal of iron from water at pH 3 with contact time 60 min.
the A. Niger successfully removed iron and has ability to be regenerated and reused in the removal process.
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INTRODUCTION

Water is life. By this sentence, we can describe the importance of
water for almost every living creature. As it is known that human
can live without solid food for about 20 days, but without water
human begins battling for life after 1 day. Iron is one of the
essential elements for human life or environment in trace
concentration. The daily requirement of iron according to Prashant
et al. is in range 1-2 mg/day of which 75% are found in the blood
and the rest 25% are in the bone marrow and liver'. Iron has
biochemically accessible valence status that plays a role in a wide
variety of electron transfer processes and enzymatic activities®. The
presence of iron in water plays an important role as it enhances the
growth of iron reducing bacteria that aid in the conversion of iron
(II) to iron (lll) via oxidation®. However, its high values cause several
health problems such as anorexia, diarrhea, diphasic shock,
metabolic acidosis, vascular congestion of the gastrointestinal tract,
brain, spleen and thymus, and death at overdose®.

In the environment, iron exists in two forms, which are soluble
ferrous iron and insoluble ferric particulate iron®. It is commonly
found in natural fresh water, but its concentration different
according to geographical location. Joe-Wong et al.” reported that
the geology of environment is the main factor controlling
groundwater hydrology. In addition, iron is found in rocks and
soil. Under proper conditions, iron will leach into the water
resources from rock and soil formations. So, the contamination of
iron (Fe) in groundwater occurs naturally or by anthropogenic
sources including industrial effluent, landfill leakage and acid mine
drainage. Well casings, pump components, pipes and storage
tanks can also contribute to Fe ion water contamination*®.

Water containing high doses of iron (Fe™) can stain clothes,
dishware, discolor plumbing fixtures, and sometimes add a rusty
look and tasty to the water’. Exceeding iron (Fe3) concentrations
produce a yellow to reddish appearance in water. When the
concentration of iron in water is very high, it become more toxic
and cause several troubles for human health. Hence, iron must be
uptake or transformed to less toxic form in water before using in
irrigation or before being discharged to the environment. There
are no health-based guidelines for the concentration of iron in

drinking water standard for all the world. However, based on taste
and nuisance considerations the permissible limit for iron in
drinking water is (0.3 mg/l) according to the world health
organization (WHO) and environment protection agency (EPA)S.
Increased urbanization and industrialization activities such as
electroplating, steel manufacturing, wood preservation, tanning and
glass manufacturing lead to increase the heavy metals and other
pollutants into the water and environment®'’. Water pollution
occurred by changes in physical, chemical and biological parameters
of water that has a dangerous impact on environment and human
health'®2°, The presence of these heavy metals in environment and
water exposure the human to many serious diseases including
autoimmune disorder, digestive disorder, heart disorder, liver,
kidney, stomach and lung cancer’=?’. The expulsion of heavy
metal such as iron from water is an essential issue. At present
various distinctive mechanisms are used for removal or decreasing
the amounts of heavy metals for examples, ion exchange,
coagulation, chemical precipitation, solvent extraction, adsorption
and membrane separation. These mechanisms have some dis-
advantages such as incomplete removal, generation of toxic sludge
and high cost specially in lower concentration of heavy metals?®-3°,
Biosorption is the upcoming mechanism to treat the heavy metal
such as iron (Fe*3 ions) from wastewater by metabolizing it or by
using physico-chemical mechanism. Different microorganism like
algae, bacteria, yeast, and fungi have shown the capability biosoption
of iron (Fe*> ions) besides it is highly efficient, economic, and
environmental>>31-3°, The biosorption process depend on different
factors as the types of metal ions, the cell wall structure of biomass,
pH, contact time with biomass, and metal concentration3%4%41,
Several studies have shown the capability of A. niger to treat
heavy metals from aqueous solutions. Some studies have proved
the removal of zinc (Zn), cobalt (Co), cadmium (Cd), lead (Pd),
chromium (Cr), copper (Cu), and nickel (Ni)*?=4°
The aim of the present study was to investigate the ability of
Aspergillus niger (A.niger), for the removal of iron from wastewater.
The study was concentrated on the adsorption property as one of
the physicochemical properties of A. niger fungi. Ferric and ferrous
are the most common soluble iron forms. Ferric is a more stable
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form than ferrous. In addition, ferrous is easily converted to ferric.
Accordingly, it is better to perform the study on ferric iron rather
than ferrous. Furthermore, the purpose was to study the efficiency
of bioremoval of iron (Fe* ions) from aqueous solution by A. niger
under different conditions of adsorbent dosage, initial concentra-
tion, pH and contact time. Additionally, the biosorption kinetics,
equilibrium and Langmuir, Freundlich, and Tamkin isotherms were
analyzed. Also, the nature of biosorption of iron was studied.

RESULTS AND DISCUSSION

Effect of fungal powder biomass weights on Fe*3 removal
The effect of fungal powder biomass weights on Fe*3 removal was
examined for (0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, and 5 g) for A. niger. Figure 1
shows that the percent of Fe*3 removal by A. Niger increased by
increasing the initial biomass weights till reaching the high value
(86.56%) at 4g. Then, it was slightly increasing to the highest
removal percent (88.17%). The reason for this increase explained
in accordance with Mondal’s study and Siwi’s study attributed to
an increase in area of the absorptive surface and the availability of
free active binding sites on the surface of biomass?’-°. Therefore,
this observation indicates that the optimum level of fungal
powder biomass weight that should be used in the following
experiments was 4 g/100 ml in the case of A. niger.

Effect of contact time on Fe*3 ion removal

The effect of contact time on Fe*> removal by fungal biomass was
examined at (30, 60, 90, and 120 min) for A. niger. Figure 2 shows
that the percent of Fe™> removal by A. niger increased by increasing
the contact time till reaching the maximum at 60 min (86.56%).
Then, it decreased by increasing the contact time more than 60 min.

According to the obtained results, it was observed that the
removal of iron increased with increasing the amount of A. niger in
aqueous solution till reach maximum and then decreased. This is
like the previous studies which reported that by passing the time
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Fig. 1 Effect of variation of the weight of A. niger bioadsorbent
on the removal percent of iron lll, when using (0.01 M) Fe*3 as
initial solution at the solution pH 2.4 and for a contact time
60 min at room temperature. n = 3 determinations.
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Fig. 2 Effect of contact time on the removal percent of iron Il
when the initial concentration was (102 M), at solution pH 2.4,
and using 4g9/100ml of A. niger as bioadsorbent at room
temperature. n = 3 determinations.
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the free binding active sites in the outer surface were saturated®’.
Therefore, the adsorption process happened in the outer surface
instead of the inner surface. Due to the smaller inner surface area,
the increased contact time causes efficiency to decrease. This
result in accordance to Darama’s study, who reported that the
biosorption of zinc ions increased by increasing time contact till
reached equilibrium time then decreased®'.

After longer time (90 min and above) another factor can affect
the adsorption process is the hydrolysis of the non-adsorbed free
Fe3* with time leading to the formation of Fe(OH),™, Fe(OH)>"
and Fe(OH); which decreases the probability of the biosorption®®
These compounds are likely to be formed and cannot be
associated with the amine group of the biomass. This equili-
brium>? releases H* as shown below. This was reported for Fe3*
concentrations >1073 M.

Fe(OH,); =

Fe(OH), (OH,); " + nH* )

2Fe>" + 2H,0 = Fe,(OH)3 " + 2H* @)

In this study 1072 M solution was subjected for evaluating the effect
of contact time. Due to the smaller size of the liberated H* than
Fe*" ions, their competition could be a reason of the desorption that
occur after time longer than the equilibrium value (60 min).

Effect of initial Fe*3 concentration on Fe*3 removal

The effect of initial Fe™® concentration on Fe*3 removal by the
fungal biomass was examined for (481.19, 32.55, 9.44 and 0.205 mg/
100 ml) for A. Niger. Figure 3 shows that the amount of Fe*> removal
by A. niger increased by increasing the initial Fe™> concentration fill
reaching the maximum at 9.44mg/100ml (88.01%). Then, it
decreased by increasing the initial Fe™ concentration.

These results were explained due to the proportion of the free
active binbing sites compared to the initial number of Fe*3 ions in
the lower concentration are more, thereby tending to an increase
in biosorption process. In the higher concentration these sites
become less and occupied, thereby tending to a decrease in
biosorption process. The results of the present study agreed with
several previous studies?3#36:53:54,

Effect of initial pH values of solution on Fe*3 removal

The effect of initial pH on Fe™ removal was examined by varying the
pH value (2.5, 3, 3.5, and 4). From this study, the pH value suitable for
the best removal percentage was found. Figure 4 shows that the
optimum pH value for A. niger was 3, where the Fe*3-removal
percent was highest (96.34%). At pH value 2.5, the Fe™-removal
percent was only 86.56%. At this value (pH 3), ferric ions were easily

converted to ferric hydroxide that helped Fe*3 removal®>.
100 -+
00 | 86.56 88.01
— —

80
S 70 4
E 60 |
S 50 45.5
2. —————
= 40
3 30 -
£ 20.06
& 20 4 —

10 4

0 T T T ]
481.19 32.55 9.44 0.205

Initial concentration, (mg/100ml)

Fig. 3 Effect of initial Fe'® concentration (0.203-481.19 mg/
100 mL) on the removal percentage of iron lll by using 4g/
100 ml of A. niger as bioadsorbent at the solution pH 2.4 at room
temperature and for a contact time 60 min. n = 3 determinations.
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Fig. 4 Effect of pH on the removal percent of iron Ill by using A.
Niger as bioadsorbent when the initial concentration was (102 M)
using 4g/100 ml of the biomass at room temperature and for
60 min time contact. n =3 determinations.

Effect of presence of NaCl as inert salt on Fe™3 removal and
regeneration of biomass

The presence of NaCl as inert salt enhanced the percent of Fe3*
removal by (7.57%) than in absence of NaCl.

Regeneration of the used biomass is of importance for recycling
purposes. 0.1 N HCI was applied for the regeneration for fungal
biomass. It worked like a desorbing agent that removes the
binded ferric ions. In case of A. niger the percent of Fe™ removal
decreased from 88.01% to 31.86%. Xiao's study explained this
because of the competitive effect of the remained free H" ions>®.
In spite of the Fe™ desorbed biomass was washed several times
with double distlled water till the washed solution pH reaching
neutral, the remained free H™ ions on the fungal biomass surface
compete with the vacant sites binding. Therefore, the Fe'3
removal decreased because of the decrease in the available free
binding sites on the adsorbent fungal biomass. Jaafarzadeh®”
reported that the biosorption capacity of cadmium decreased
after desorbed by 1 M of hydrochloric acid.

The reloading capacity = amount of Fe™ removal in the second
cycle/amount of Fe™ removal in the first cycle 0.362.

Isotherm models of biosorption

The adsorption isotherm models were evaluated for iron at the
solution pH and contact time of 60 min with 4 g of A. niger. The
obtained result could fit the Langmuir’®, Freundlich®® and
Temkin® isotherms models by ignoring the extremely low value
of Fe™3 concentration.

The isothermals constants were calculated to find out the
adsorption capacity of the A. niger for Fe™3. The values of isothermal
constants (K,, K; and by) and correlation coefficients R? are shown in
Table 1 for Langmuir, Freundlich, and Temkin models.

That results indicated that the biosorption data was best fitted
in Temkin as compared to Langmuir and Freundlich models. The
Langmuir constant (K;) and Freundlich constants (Kr and n) values
were determined from slope and intercept of the plot.

Langmuir isotherm was charted between 1/g. and 1/C. as
shown in Fig. 5.

The Langmuir model assumes that the maximum amount of
Fe™ adsorbate on the homogenous surface of fungal biomass
(biosorbent) take place in saturated monolayer form. The
monolayer saturation capacities, gmax is 29.41 mg/g for A. niger.
The values of R, were 0.9864, 0.6126, 0.3144, and 0.0301 for the
initial Fe™® concentrations 2.051, 94.39, 325.46, and 4811.98. The
R_ values indicate that sorption was more favorable for the lower
initial metal ion concentrations than for the higher ones.

Freundlich isotherm was charted between log g. and log C, as
shown in Fig. 6.

Temkin isotherm was charted between g. and Ln C, as shown in
Fig. 7.

The conclusions from the present study, fungi is that the powder
biosorbent of A. niger was applied successfully for the sorption of
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iron metal from wastewater. The biosorption process was depen-
dent on the amount of biomass, the contact time, the initial
concentration of iron in water and the initial pH of solution.
Biosorption increased rapidly by increasing the amount of biomass
till reaching maximum then it slightly increased. While the
biosorption increased by increased the contact time and concentra-
tion of iron till reach maximum then decreased. The lower pH
enhanced the efficiency of biosorption process as it prevents the
ferric ions converted to the ferric hydroxide precipitation so the
percent of Fe*3 removal could be measured accurately. The sorption
data fitted into Langmuir, Freundlich, and Temkin isotherms models.
The obtained Temkin isotherm model showed more fitting than
Langmuir and Freundlich models due to the highest regression.

METHODS

Reagents and materials

Potato dextrose medium (PDA), Ferric Nitrate (Fe(NOs);.9H,0,
assay 99%) [Alpha Chemika, Indial, EDTA (assay 99%) [Adwic,
Cairo], Magnesium Sulfate (MgSO,, assay 98%) [Adwic, Cairo],
Ammonium Chloride (NH4Cl, assay 99%) [Adwic, Cairo], Ammonia
Solution (assay 33%) [Adwic, Cairo], Sodium Acetate Anhydrous
(NaCHsCOO, assay 99%) [Adwic, Cairo], Acetic Acid (glacial assay
98%) [Alpha Chemicals, Cairo], Salicylic Acid (assay 99%) [Adwic,
Cairo], Acetone (assay 99%) [Adwic, Cairo], Hydrochloric Acid (HCI,
assay 30-34%) [Research lab, India], Sodium Hydroxide (NaOH,
assay 98%) [Alpha Chemicals, Cairo] and bi-distilled water was
used for preparation and dilution of all the prepared solutions.

Equipment
Atomic Adsorption Spectrophotometer (AAS) [model 969 AA
Spectrometer, Unicam, 1999) and pH meter.

Preparation of fungal biomass

A. niger was isolated from plants “endophytic fungi” from ficus
elastic®’. This fungal isolate was morphologically and molecular
identified®? and stored as fungal stock culture as slope culture at
4°C.

Potato dextrose medium (PDA) was used for the growth of A.
Niger®3. The slants were incubated for 7 days at 30 °C. The cultures
were maintained at 4 °C and subculture every 14 days. A plug (4-
mm diameter, equal 2 x 107 spore) was inoculated into a sterilized
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Fig.5 Langmuir adsorption isotherm of Fe*3 in case of A. niger as
biomass. The isotherm was measured for initial values of iron (lll)
between 2.052 and 4811.98 mg/L, at room temperature, at optimum
condition for the best adsorption (pH = 2.4, time of adsorption
60 min and for 4 g biomass).
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Fig. 6 Freundlich adsorption isotherm of Fe3 in case of A. niger
as biomass. The isotherm was measured for initial values of iron (lll)
between 2.052 and 4811.98 mg/L, at room temperature, at optimum
condition for the best adsorption (pH = 2.4, time of adsorption
60 min and for 4 g biomass).

potato dextrose broth (PDB) medium. The flasks were incubated
for 14 days at 30°C. At the end of incubation period, the fungal
biomass was filtrated by filter paper, washed several times with
distilled water, and dried in oven at 55 °C for 24 h and ground with
a mortar to make powder biomass.

Preparation of Fe ™3 solution and the solution standardize

The stock solution of Fe*3 ions (0.1 M) was prepared by dissolving
10.1g of Fe(NOs)3.9H,O in 250ml of distilled water. Other
concentrations were prepared from the stock solution by dilution
varied between (1072, 1073, and 10~%). The stock Fe3" solution
was standardized against EDTANa, standard solution using
salicylic acid indicator, which was validated according to ICH®*5>,

Analytical methods

The amount of Fe*® before and after the adsorption were
determined by either titration against EDTA or atomic absorption
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Fig. 7 Temkin adsorption isotherm of Fe3 in case of A. niger as
biomass. The isotherm was measured for initial values of iron (lll)
between 2.052 and 4811.98 mg/L, at room temperature, at optimum
condition for the best adsorption (pH = 2.4, time of adsorption
60 min and for 4 g biomass).

spectrophotometer analysis Then, the results are compared to
each other.

The removal percent were calculated® by using the following
equation

Removal percent (%) = ((C; — Ce)/C;) * 100 (3)

where C; is the initial concentration of Fe3* and C, is the
equilibrium concentration of Fe3* after adsorption.

Several powder biomass weights (0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, and
5g) for A. Niger were tried. The Fe™3 removal was studied by
addition of the weighed amount of the powder biomass to 100 ml
of (1072M) of Fe™3 solution and shaked for 60 min. Then, the
percent of Fe™ removal was calculated as indicated before.

The effect of contact time3 on efficiency of Fe*3 removal was
studied. Different time intervals (30, 60, 90, and 120 min) for A.
niger were tried. The Fe*3 removal was studied by addition of 4 g
of A. niger to 100 ml of (102 M) of Fe*3 solution and shaked. Then,
the percent of Fe*3 removal was calculated as indicated before.

The effect of varied initial Fe™ concentrations on efficiency of
Fe™3 removal was studied. Different initial Fe*3 concentrations
(481.19, 32.55, 9.44 and 0.205 mg/100 ml) for A. niger were tried.
The Fet® removal was studied by addition of 4 g of A. Niger to
100 ml of Fe*3 solution and shaked for 60 min. Then, the percent
of Fe*3 removal was calculated as indicated before.

The effect of initial pH value was studied. Different initial pH
values (2.5, 3, 3.5, and 4) were tried. The Fe*3 removal was studied
by adjusting the pH of 100 ml of (10~2M) of Fe™3 solution by using
0.1 N NaOH. Then, added 4 g of A. Niger to 100 ml of Fe™ solution
and shaked for 60 min for A. Niger. Then, the percent of Fet3
removal was calculated as indicated before.

The effect of addition of 0.4 g of NaCl (assay 99.5%) to 100 ml of
(1073M) of Fe*® solution was studied. The Fe*3 removal was
estimated for optimum fungal dry weight 4g of A. Niger. The
mixture was shaked for 60 min at the solution pH. Then, the
percent of Fe™ removal was calculated as indicated before.

Regeneration of biomass

The biomass obtained after the desorption process was washed
with (0.1 N) hydrochloric acid (assay 30-34%). Then, it was
thoroughly washed several times by bi-distilled water to get the
neutral pH of washed solution. Then, they were dried and
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re-suspended in 100 ml of (1073M) of Fe™ solution and shaked
for 60min at the solution pH. The reloading capacity was
calculated as following equation:

The reloading capacity = amount of Fe™ removal in the second
cycle/amount of Fe™ removal in the first cycle.

Isotherm models of biosorption

Iron biosorption was analyzed using Langmuir, Freundlich, and
Temkin isotherms models to study the adsorption behavior to
investigate the performance of the biosorption process under
different operating conditions. The adsorption isotherm models
were applied at different induced Fe*® concentrations.

The amount of Fe*3 removal on the fungal biomass g (mg/g)
was calculated according to the following equation:

q= (Ci - Ce)V/W (4)

where G is the initial concentration of Fe™ ions before adding
fugal biomass (mg/l), C. is the equilibrium concentration of Fe'3
ions after adding fungal biomass (mg/l), V is the volume taken
from Fe ™ ions solution (I) and W is the amount of fungal biomass
taken (g).

The Langmuir®® adsorption isotherm is utilized to describe
chemisorption process when the adsorbent and the adsorbate
formed ionic or covalent chemical bonds. This model can be
written in linear form:

1/8e = 1/Gmax + (1/gpka) (1/Ce) )

where g. is the equilibrium amount of adsorbate on fungal
biomass (mg/g), gmax is the maximum amount of adsorbate on
fungal biomass (mg/g) and k, is the Langmuir constant (the
maximum adsorption capacity in mg/l).

The magnitude of a dimensionless constant R_ was used to
determine the quality of Langmuir adsorption isotherm
(the separation factor) can be calculated by the following
equation:

RL=1/(1+ Coka) (6)

The parameter R, indicates the shape of the isotherm accordingly:

Value of R, Type of isotherm
O0<R.>1 Favorable

RL>1 Unfavorable

R = Linear

RL=0 Irreversible

The empirical Freundlich adsorption isotherm is utilized to
describe adsorption on a heterogenous surface®®. This model
can be written in linear form:

logg. = logks + 1/n (log Ce) (7)

where k¢ is the Freundlich constant (the adsorbent capacity in mg/
g) and n is the Freundlich coefficient (the adsorbent intensity
in mg/l).

The Temkin isotherm contains the factor that taking into the
account of adsorbent-adsorbate interactions®®. That is utilized to
describe the assumption that a fall in the heat of sorption is linear
rather than logarithmic, as shown in Freundlich isotherm. This
model can be written in linear form:

Ge = BInAr +BInC, (8)

B = [RT/br] ©)

where Ar is Temkin isotherm equilibrium constant (l/g), B is
constant related to heat of sorption (J/mol), R is universal gas
constant (8.214J/mol/K), T is temperature at 298K, and b is
Temkin isotherm constant.
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