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ABSTRACT

Background: Various industries produce and discharge wastes containing
different heavy metals into the environment. Apart from using living
biomass, dead and dried biomasses have been introduced as a new field of
biotreatment technology.

Method: The cadmium (Cd) (I1) removal characteristics of live (growing),
dead (autoclaved), and oven-dried biomasses of Aspergillus versicolor
were examined as a function of initial pH, contact time, and initial Cd
concentration.

Result: Maximum bioaccumulation of Cd for live biomass [11.63 (mg
g&minuisy] occurred at an optimal pH of 4 and incubation time of 4 days.
Themaximum biosorption of 27.56 (mg g&mns1) for dead biomass
occurred at 1.5 h and at a pH of 4. The maximum biosorption [18.08 (mg
g&minus;1)] with dried biomass was reached at an equilibrium time of 3 h at
a pH of 6.

Conclusion: The present study confirmed that heat treatment promoted the
removal capacity of fungi. Cd removal was increased by decreasing the pH
in live and dead-mode experiments. Inversely, Cd removal was increased
with increasing pH for the dried biomass of A. versicolor. Varying
responses to environmental conditions (pH and contact time) clearly
proved the different removal mechanisms used by three biomasses of A.
versicolor. Higher Cd concentration increased the removal ability of three
types of biomasses. The results indicated that all biomasses of A.
versicolor used in this study, particularly dead biomass, are a suitable
biosorbent for the removal of Cd (1) ions from aqueous solution.

1. Introduction

In many ways, industrialization is With increasing industrialization and
drastically impacting our world today. urbanization, nature cannot cope with
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pollution and clean the environment
naturally.

Various  industries  produce and
discharge wastes containing different
heavy metals into the environment, such as
mining and smelting of metalliferous ores,
surface finishing industry, energy and fuel
production, fertilizer and pesticide industry
and application, metallurgy, electroplating,
leatherworking,  photography, electric
appliance manufacturing, metal surface
treating, and atomic energy installation [1].

Once toxic metals are present in the
environment, they are cycled between its
abiotic and biotic elements, posing toxicity
in the latter group. The mostly dangerous
metals include the so-called “toxic trio”
i.e., cadmium (Cd), lead, and mercury, for
which no biological function has been
found [2-4]. Minor Cd exposure causes
cancer, kidney damage, and bone
deterioration. Itai itai is a fatal disease
brought about by Cd. To cut the harmful
Cd magnification chain, which finally
comes to an end in the human body as a
final consumer, cleaning this chain is a
vital activity. Typical wastewater treatment
techniques such as chemical precipitation,
filtration, ion exchange, electrochemical
treatment, membrane technologies,
adsorption on activated carbon, and
evaporation suffer from deficiencies in
treatment plants.

An environmental engineer’s practical
approaches through economic, flexible,
efficient, and less residual purification
systems have led to the discovery of
biotreatment technology.

Biotic  methods  exploit  natural
biological processes that allow certain
plants and micro-organisms to help in the
remediation of metals in soil and water [5].
Bioremediation is gaining importance in
recent times as an alternate technology for
the removal of elemental pollutants in soil
and water, which require effective methods
of decontamination [6].

Biosorption and bioaccumulation are
two processes involved in biotreatment
studies. Heavy-metal bioaccumulation is
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an active process including metabolic
activity within living organisms [7].
Biosorption is a term that usually describes
the removal of heavy metals from an
aqueous solution through their passive
binding to a biomass [8]. In
bioaccumulation, the first stage is
biosorption and then, subsequent stages,
related to the transport of pollutant (mainly
via energy-consuming active transport
systems) into the inside of cells, occur [2].

Apart from using living biomass, dead
and dried biomasses have been introduced
as a new field of biotreatment technology.
Many studies have revealed that
inactive/dead microbial biomass can
passively bind metal ions via various
physicochemical mechanisms [1]. It has
been suggested that the pretreatment
modifies the surface characteristics/groups
by removing or masking the groups or by
exposing more metal-binding sites [9].

Here, we attempted to optimize the
performance of the laboratory scale
bioremoval experiments. The effect of
operational conditions (pH, contact time,
and concentration of Cd) on removal
capacity (expressed in mg/g) of different
biomasses of Aspergillus versicolor were
investigated in this study. Comparative
investigation was also conducted to weigh
the pros and cons of different studied
biomasses in real wastewater treatment
plants.

2. Materials and methods

Fungi that are applied in heavy metal
removal experiments first must be proven
to be heavy metal resistant. It is essential
to initially check the tolerance levels of the
candidate species [10]. Our earlier study
concerning the tolerance of A. versicolor
indicated the possible existence of Cd
tolerance in this fungus. The A. versicolor
used in the study was obtained from
dumping area of plant. Three biomasses of
A. versicolor were used: live growing,
autoclaved dead, and oven dried
biomasses.

2.1. Cd solutions and Media
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The 1000-ppm Cd stock solutions
were made by dissolving Cd (NO3)24H.0
in deionized water. Fresh dilutions were
utilized for each test. Cd (NO3)2.4H20 was
acquired from Merck, Germany. Potato
dextrose broth (Scharlau, European Union)
and potato dextrose agar (Merck,
Germany) were used as liquid and solid
culture medias, respectively. All laboratory
glassware and plastic ware were rinsed
with a solution of 2-M HNO3 technical
grade to remove any metal contamination.
Deionized water used in this study was
obtained from the TKA Smsrt2Pure,
Germany water purification system.

2.2. Biomass preparation
2.2.1. Live biomass

The pure cultures of A. versicolor were
maintained on potato dextrose agar( PDA)
slants at 4°C.

To produce mycelium pellets, 6 agar
plugs (5 mm) originating from actively
growing seven-day old PDA solid
cultures(log phase) [11], were collected
and inoculated in 500 ml conical flasks
containing 250 ml autoclaved (121°C, 15
min and 15 psi) potato dextrose broth
(PDB) medium. Flasks were incubated in a
rotary shaker (120 rpm) at 28°C for 7 days
in dark conditions. A 7-day-old mycelium
was used as the inoculum in the
bioaccumulation experiments [12, 13].
2.2.2 Dead biomass

Mycelial pellets obtained from section
2.2.1 were harvested through Whatman
No.42 filter paper and washed three times
with deionized water to remove any
residual growth media from biomass.
Pellets were heat inactivated by
autoclaving and dead biomass was used
immediately thereafter [14].

2.2.3 Dried biomass

An appropriate amount of washed live
biomass was dried in oven at 80°C
overnight. The dried mycelia were grinded
using a mortar to obtain powder in the
smallest particle size and subsequently
used as a biosorbent. The smaller the
particle resulted in a larger surface area
[15]. Biomass has been crushed to prevent
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particle aggregation for enhancing the
biosorption capacity. The dry biomass was
stored at room temperature in polyethylene
tubes in a vacuum desiccator until use [16].
2.3. Bioaccumulation tests by growing
fungus

The effects of contact time (1-7 days)
[13], pH (4, 5, and 6) [17], and initial Cd
concentrations (25, 50, and 100 ppm) [16]
on removal capacity of active mycelia
were determined respectively. Time course
experiments, were conducted in 250 mL
Erlenmeyer flasks with a working PDB
volume of 100 mL contaminated with 100
ppm Cd concentration at pH 6. The initial
pH of solutions was adjusted by adding 0.1
M HCL and 0.1 M NaOH. The
investigated pH values were less than 7.0
since insoluble Cd hydroxide starts to
precipitate from the solution at higher pH
values, making true sorption studies
impossible [18, 19]. The pH was
maintained unless the second set of assays
(effect of pH on Cd removal) was studied.
Due to the negative impact of pH control
on the whole sorption performance,
experiments have been performed with
adjusting the pH at the beginning of the
tests (uncontrolled) [20].

The experimental procedure of
bioaccumulation was adapted from Yuan
et al. with some modifications [21]. A total
of 10 ml mycelium suspension: 10% (v/v)
(equal volume for each test) were
acclimated to 250 ml Erlenmeyer flasks
containing the 100 ppm Cd solution
supplemented with 100 ml PDB media.
Samples were withdrawn every day up to
seven days. The Cd concentration was
consistent for all tests until the third set of
tests (influence of initial Cd concentration
on removal) were conducted. Optimal
contact time and pH values were used for
third set of experiments. Flasks were
incubated at 28°C in an agitated condition
(220 rpm).

Control experiments without biomass
were also run in parallel. Control tests
showed that there was no sorption on the
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filter papers or by the media organic
matter.

Flasks containing fungal biomass were
harvested by Whatman No.42 filter paper
and washed three times with deionized
water and left in oven at 80°C until a
constant weight was achieved (in this study
24 h), and this weight was defined as dry
biomass.

2.4. Biosorption tests by dead and dried
biomass

The selection of biosorption method
was selected on the basis of a study
conducted by Zafar et al. with minor
modifications [22].

4 g wet weight of dead biomass were
added in to each of 250 ml flasks
containing 100 ml Cd solution and 100
ppm Cd ions in deionized water (without
any media). The flasks were incubated as
described in section 2.3. The samples were
removed at time intervals of 15, 30, 60, 90,
120, 150, and 180 min [23].

The  parameters  (initial  metal
concentration, pH, and contact time),
which were considered in a Cd biosorption
assay by dried mycelia, were the same as
those for biosorption by dead mycelia,
except that 0.2 g of dried biomass powder
was placed in each Erlenmeyer flask.

2.6. Cd determination

The residual Cd concentrations in the
liquid solution were measured using a
Varian Atomic Absorption
Spectrophotometer, AA 240, Australia
[18]. The Cd removal -capacity is
calculated as follows [24]:
q=[(Ci—Cp/m] V
where:

g is the removal capacity of Cd (mg g™2),
Ci is the initial concentration of metal (mg
L™,

Cs is the final concentration of Cd in the
PDB (mg L), V is the volume of the
liqguid medium (L), W is the biomass of

mycelia (g).

2.7. Statistical analyses

Each determination was repeated three
times and the results provided are the mean
values with standard deviation (represent
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as error bars). Data were analyzed by using
SPSS16 (USA, 11, Chicago, SPSS Inc.)
statistical software. The effects of initial
metal ion, initial pH, and contact time on
A. versicolor were examined using one
way ANOVA followed by post-Hoc
multiple  comparisons by  Duncan’s
method. The difference was considered
significant when P < 0.05.

3. Result

3.1. Optimization of process parameters

Analysis of  factors influencing
biosorption is important for evaluation of
the full biosorption potential of any
biomaterial. The important factors include:
type and nature of biomass, initial solute
concentration, and physicochemical factors
such as PH [9].
3.1.1Effect of contact time

In field application studies from an
engineering perspective view, it is logical
to determine sludge retention time based
on the optimal time at which the highest
removal rate will occur in that time.

The uptake rate of Cd ions by live
biomass is exemplified in Fig. 1.
Equilibrium in bioaccumulation did not
happen. Therefore, live microorganisms do
not behave like ordinary sorbents. Rapid
and considerable bioremoval rate were
performed on the first day and it reached
the highest on the fourth day, and then an
efflux reaction occurred by growing cells.
These results are consistent with previous
reports where the level of metal
accumulation by A. foetidus appeared to
decrease with time and it was assumed that
fungi rejected copper with the passing of
time. It is proposed that generating
complexing agents, which promote heavy
metal dissolution, may significantly reduce
the extracellular uptake of the metals by
precipitation and adsorption on the
biomass [25]. Growing fungus Phoma sp.
reached the maximum Cd removal within 4
days, which is similar to our results [21].
The observed rapid kinetics during the first
day has also significant practical
importance as it will facilitate the scale-up
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of the process to smaller reactor volumes
ensuring efficiency and economy [26].

In time course data analysis, it was
observed that Cr (VI) accumulation by
Paecilomyces lilacinus increased when

16 -~
14 -
12 A

10 +

Cd uptake (mg/g)
o]
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cells wereincubated between 96 h to 120 h,
which is close to optimal contact time in
this study [27].

——live

Fig.1: Effect of contact time on the Cd removal by growing biomass. Data was found to be
significant at P < 0.05.The vertical line on each bar shows the standard deviation.

In equilibrium sorption studies, enough
time has to be afforded for the contact
before sorption equilibrium is reached
between the sorbate sequestered on the
solid sorbent and the sorbate concentrate in
the liquid phase [3].

Fig. 2. Shows that the biosorption
pattern of the dead and dried fungus was
observed to be similar during the first
thirty minute interval. In the next period,
Cd sorption of dead biomass increased
steeply and the best sorption appeared after
1.30 h exposure followed by a gradually
decreased sorption.

In contrast to the dead mode,
equilibrium stabilized within 3 h of contact
time by dried fungi. Despite the rapid
biosorption time, if dried fungi were
applied in situ, the biomass would need to
be exchanged after a maximum of 5-10
sorption—desorption cycles. Consequently,
it seems to be impossible to develop a
continuous system based only on a
biosorptive removal of metals using a
microbial biomass [28]. If adsorption had
been the ultimate process involved in
removing Cd by dead biomass, saturation

time would have been visible by viewer.
Nevertheless, dead fungus was not as
metabolically active as live biomass;
however, similar to the bioaccumulation
experiment, the Cd excretion process also
occurred by the dead fungus, which
confirms the semi-active mechanism.
These variations in uptake pattern are
possibly due to different removal strategies
employed by biomasses. This three-phase
curve with an initially rapid uptake of
metals (5 min) followed by slower uptake
and desorption phase, has been described
previously for dead and live biomass of
Agaricus macrosporus [29].

In accordance with this study,
Velmurugan et al., reported that after 3 h
of exposure between the metal ion and the
fungal biomass of Penicillium sp., the
metal removal equilibrium was reached
[30].  Biosorption process is rapid and
takes place between a few minutes to a few
hours [31]. A possible explanation for
quick Cd sequestration during the first
period of experiments via each three types
of biomass is that biosorption was
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process during this period.

1s —=— Dead
10 - ~--Dried
5
0 )

Hour

35

Fig. 2: Effect of contact time on the Cd removal by dead and dried biomass. Data were found to be
significant at P < 0.05.The vertical line on each bar shows the standard deviation.

3.1.2Effect of pH

The most important  parameter
influencing the sorption capacity is the pH
of the adsorption medium [9, 32].

The pH control in the system is
important because it affects both the
configuration of the active ion-exchange
sites as well as the ionic state of the sorbate
in the solution. At low pH, the
concentration of protons is high and the
ion-exchange  sites  become  solidly
protonated [3]. Precipitation, hydrolysis,
complexation, and redox reactions are
among the changes in the solutions with
PH [33].

The highest potential of Cd uptake was
found at a pH of 4 for live and dead
biomasses and pH of 6 for dried biomass
(Fig. 3).The biosorption of dried biomass
increased with the solution pH. At pH of 6,
due to the more amounts of OHions within
the solution, the binding sites on the fungal
cell wall are negatively charged. This
exerted an influential attraction between
active sites and positively charged Cd*
ions. Such behavior have also been
observed when dried biomass of
Microsphaeropsis sp. was employed as
biosorbent [34].

Vice versa, Cd removal for dead and
live biomasses was increased by
decreasing the pH. The data agreed with

bioaccumulation tests performed on

Paxillus involutus. A pH of 4.5 was found
to be optimal pH for sorption of Cd, and
the sorption decreased when the pH was
raised to 7 [35].This is explained by

interaction between the
accumulated/adsorbed metal ions with the
surrounding liquid solution and

strengthening the fungus’s cell wall in the
lower pH, and decreasing the cell wall
porosity and restricting the Cd ion
transportation through the cell-membrane.
During the strain adaptation to heavy
metal  toxicity, fungus  synthesizes
intracellular/extracellular chelating
compounds and renders the metal
removal phenomenon. Lowering pH may
hamper this type of defense mechanism;
the result is slows the motion of the Cd
chelating compound. Increasing the
oxygen content of the fungi biomass would
confer a more acidic surface as the fungi
becomes more tolerant to heavy metals.
This would promote the adsorption of the
more positively charged metal ions and
complexes onto its surface [25].The
obtained data shows that pH has a great
impact on metabolic activity, and on the
biomass detoxification mechanism. These
results along with the removal pattern in
section 3.1.1, confirm that the sorption
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behavior of dead and live biomasses were approximately similar.
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Fig. 3: Effect of initial pH on the Cd removal. Contact times of 4 days, 1.30 h, and 2 h were
performed for live, dead, and dried biomass respectively as optimal values. Data were found
to be significant at P < 0.05.The vertical line on each bar shows the standard deviation.

Similar observations were found in the independent of the initial concentration.

study on bioaccumulation of multiple
metal using A. lentulus. They observed
declining in metal bioaccumulation as the
pH value increased from 4 to 7 [36].
3.1.3 Effect of initial Cd concentration

The data given in Fig. 4 shows that,
the uptake vyield of Cd enhanced
with an increased initial Cd
concentration.

At lower initial solute concentrations,
the ratio of the initial molecules of solute
to the available surface area is low;
subsequently, the sorption becomes

35 ~
30 -

= N N
(6] o (3}
1 1 1

Cd removal (mg/g)
=
o

However, at higher concentrations, the
sites available for sorption become fewer
compared with the molecules of solute
present. Hence, the removal of solute is
strongly dependent upon the initial solute
concentration [9]. An increased metal
uptake by increasing the initial metal ion
concentration is a result of the increased
driving force of the concentration gradient,
rather than the increased initial metal ion
concentration [19]. Several researches have
also found similar results as this study [34,
35, 37].

- - -Dead
—&— Dried

—A— Llive

o w»

Cd concentration

Fig. 4: Effect of initial Cd concentration on the Cd removal. Contact times of 4 days, 1.30 h and 2 h were
performed for live, dead and dried biomass respectively as optimal values. Optimum pH of 4 in case of live and
dead biomass and pH of 6 in case of dried biomass were used. Data were found to be significant at P < 0.05.The
vertical line on each bar shows the standard deviation.
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3.2. Effect of biomass pretreatment on Cd
removal

Taking in to consideration the
maximum uptake capacity of dead biomass
(2756 mg g1) compared with dried
biomass (18.08 mg g2); it seems that the
cell wall mechanical disruption by wet
thermal treatment improved the removal
capability of fungus more than the dry
thermal treatment. If the inactivated
microorganism is used in the treating
heavy metals, the most important
mechanism that governs the whole removal
process is biosorption. Biosorption is a
simple physicochemical process
resembling conventional adsorption or ion
exchange [2].

Recently the dominating role of the ion
exchange process during biosorption was
confirmed [2, 7, 38]. Metal biosorption by
biomass mainly depends on the component
on the cell, especially through cell surface
and the spatial structure of the cell wall.
Various polysaccharides, including
cellulose, chitin, alginate, and glycan exist
in fungi cell walls and have been proven to
play an important role in metal binding [1].
Therefore, few simple mechanisms
contribute in the removal of Cd ions by
dried biomass (ion exchange and physical
adsorption).

The different behavior of autoclaved
fungi against Cd toxicity from dried fungi,
the resemblance of removal patterns
between autoclaved biomass and live
biomass, and that passive biosorption
contributed in the Cd removal process
show that heterogeneous activities
including partially metabolic dependent
mechanisms were involved in the uptake
procedure of the autoclaved fungi.

Heavy metal tolerant microorganisms such
as A. versicolor instinctively use defense
mechanisms on exposure to metal stress.
The loss of cellular water (dehydration in
oven) led to deactivating the natural
detoxification/defenses strategies of dried
fungi, whereas autoclaved fungi may
preserve its natural cell structure.

The uptake increase in autoclaved
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biomass, may often be associated with
enhancing  permeabilization of  cell
membrane on account of further binding of
metal to exposed intracellular sites.

In general view, heat treatment
methods mechanically disrupt the tough
fungi cell wall and uncover the metal
binding sites. Consequently, fungal
mycelia become porous and flexible, and
more available adsorbing area will be
accessible for metal ions.

It is important to note that during
bioaccumulation  experiments in  the
present study, the growing fungal mycelia
gave a red appearance. Valix et al. has
shown that the detoxification of metals by
A. foetidus occurred by two overall
mechanisms. The first mechanism was
production of extracellular metabolites that
is capable of adsorbing and precipitating
the metal ions on the cell surface. The
second mechanism was intracellular
binding of heavy metals to thiol containing
compounds such as GSH and sequestering
these metal-thiol complexes into sub-
cellular compartments or vacuoles [25].
Metallothioneins are  metal binding
proteins, which have been postulated as
responsible for the detoxification of
various class (II) metals in many different
species [39]. Using compartmentation
experiments on Paxillus involutus, Blaudez
et al. has declared binding of Cd onto cell
walls and accumulation of Cd into the
vacuolar compartment as two essential
detoxification mechanisms [35]. It is clear
that tolerant strain such as A. versicolor,
which is considered in this study releases
metabolites to get an insoluble form of Cd
ions and finally convert Cd to a less toxic
form. The changing color in response to
Cd in the present study was probably due
to the reduction of Cd ions by chelating
enzymes excreted via the A. versicolor
mycelia.

In conclusion, naturally occurring
biosorbent and/or alternative adsorbents
with good adsorption properties are always
preferred over activated ones, unless some
exceptional value exists to justify its use
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[7]. There are many advantages in
bioaccumulation  process that an
environmental engineer prefers applying
live microorganism rather than dead one in
situ application even if the bioremoval
capacity of live biomass (11.63 mg g?)
was the lowest among the all biomasses
tested.

Applications of active and growing cells

should be a better choice because of their
abilities  of  self-replenishment  and
continuous metabolic uptake of metals
after physical adsorption. Moreover,
growing cells have unlimited capacities to
cleave  organic-metallic ~ complexes,
degrade organic compounds, and take up
other inorganic ions such as ammonium,
nitrate, and phosphate [28].
Nonetheless, comparing the uptake
potential of different biomasses used by
researchers may be a misleading way,
because laboratory parameters are not
regulated and even the method of treating
biomasses varies. However, the removal
potential of some analogous fungi is
mentioned in this literature.

In corroboration with our findings,
Bayramoglu et al., reported upper Cd
removal by heat inactivated Lentinus
edodes pellets comparing with the live
mode [26].

Additionally, Zafar et al., found Cd
biosorption (2.72-2.91 mg g* of biomass)
by live Aspergillus spp at a contact time of
4 h[22].

Yan et al., used Mucor rouxii for the
removal of Cd ions, which had a
biosorption capacity of 6.94 mgg™ by live
fungi [40].

Results of removal tests by viable and
nonviable biomass of Rhodotorula rubra
yeast showed 4.5 mg g* and 10.5 mg g*
Cd uptake respectively in 25 mg L™ initial
Cd concentration. They reported that
nonviable biomass demonstrated higher
metal uptake than viable biomass [41].

Genetic  manipulation of heavy metal
accumulator microorganism to promote
accumulation ability of cells and applying
hybrid microorganisms in real wastewater
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treatment plant are among the innovative
technologies that have been introduced
recently.

Use of plants, with hyper accumulating
ability or in association with soil microbes
including the symbiotic fungi, arbuscular
mycorrhiza, are among the most common
biological methods of treating heavy
metals in the soil [42].

4. Discussion and Conclusion

In view of the above, it can be
concluded that three biomasses of A.
versicolor have great affinity and capacity
for Cd removal. The best adsorbent was
found to be dead biomass of A. versicolor.
Heat treatment particularly through water
vapor improved the uptake capacity of
fungi. Biotreatment is considered to be an
economic, eco-friendly, and efficient
method to solve the environmental
pollution of heavy metals. By optimizing
environmental parameters, this fungus is
posed to be a candidate for field
remediation of environments contaminated
with heavy metals.

References

1. Wang J, Chen C. Biosorbents for Heavy
Metals Removal and Their Future.
Biotechnol Adv. 2009 ; 27(2):195-226.

2. Chojnacka K. Biosorption and
Bioaccumulation-the Prospects for
Practical Applications. Environ Int. 2010;
36(3): 299-307.

3. Volesky B. Biosorption and me. Water
Res. 2007; 41(18): 4017-29.

4. Volesky B, Holan ZR. Biosorption of
Heavy  Metals.  Biotechnol  Prog.
1995;11(3): 235-50.

5. Hashim MA, Mukhopadhyay S, Sahu
JN, Sengupta B. Remediation
Technologies for Heavy Metal
Contaminated Groundwater. J Environ
Manag. 2011; 92(10): 2355-88.

Soleimani N et al/ J. Hum. Environ. Health Promot. 2016; 1(2): 87-98



96

6. Srivastava NK, Majumder CB. Novel
Biofiltration Methods for the Treatment of
Heavy Metals from Industrial Wastewater.
J Hazard Mater. 2008; 151(1): 1-8.

7. Lesmana SO, Febriana N, Soetaredjo
FE, Sunarso J, Ismadji S. Studies on
Potential Applications of Biomass for the
Separation of Heavy Metals from Water
and Wastewater. Biochem Eng J. 2009;
44(1): 19-41.

8. Pacheco PH, Gil RA, Cerutti SE,
Smichowski P, Martinez LD. Biosorption:
A New Rise for Elemental Solid Phase
Extraction Methods. Talanta. 2011; 85(5):
2290-300.

9. Dhankhar R, Hooda A. Fungal
Biosorption—an Alternative to Meet the
Challenges of Heavy Metal Pollution in
Aqueous Solutions. Environ Technol.
2011; 32(5): 467-91.

10. Kavamura VN, Esposito E.
Biotechnological Strategies Applied to the
Decontamination of Soils Polluted with
Heavy Metals. Biotechnol Adv. 2010;
28(1): 61-9.

11. Anahid S, Yaghmaei S, Ghobadinejad
Z. Heavy Metal Tolerance of Fungi. Sci
Iran. 2011;18(3): 502-8.

12. Prigione V, Zerlottin M, Refosco D,
Tigini V, Anastasi A, Varese GC.
Chromium Removal from a Real Tanning
Effluent by  Autochthonous and
Allochthonous Fungi. Bioresour Technol.
2009; 100(11): 2770-6.

13. Kacprzak M, Malina G. The tolerance
and Zn?*, Ba?* and Fe®* Accumulation by
Trichoderma Atroviride and Mortierella
Exigua Isolated from Contaminated Soil.
Can J Soil Sci. 2005; 85(2): 283-90.

14. Staba M, Dtugonski J. Efficient Zn%*
and Pb?* Uptake by Filamentous Fungus
Paecilomyces Marquandii with
Engagement of Metal Hydrocarbonates

Cadmium Biotreatment

Precipitation. Int Biodeterior
Biodegradation. 2011; 65(7): 954-60.

15. Zhou JL. Zn Biosorption by Rhizopus
Arrhizus and other Fungi. Appl Microbiol
Biotechnol. 1999; 51(5): 686-93.

16. Ezzouhri L, Ruiz E, Castro E, Moya M,
Espinola F, Cherrat L, et al. Mechanisms
of Lead Uptake by Fungal Biomass
Isolated from Heavy Metals Habitats.
Afinidad. 2010; 67(545).

17. Filipovi¢-Kovacevi¢ Z, Sipos L, Briski
F. Biosorption of Chromium, Copper,
Nickel and Zinc lons on to Fungal Pellets
of Aspergillus Niger 405 from Aqueous
Solutions. Food Technol Biotechnol. 2000;
38(3): 211-6.

18. Xiao X, Luo S, Zeng G, Wei W, Wan
Y, Chen L, et al. Biosorption of Cadmium
by Endophytic Fungus (EF)
Microsphaeropsis sp. LSE10 Isolated from
Cadmium  Hyperaccumulator ~ Solanum
Nigrum L. Bioresour Technol. 2010;
101(6): 1668-74.

19. Ghorbani F, Younesi H, Ghasempouri
SM, Zinatizadeh AA, Amini M, Daneshi
A. Application of Response Surface
Methodology  for ~ Optimization  of
Cadmium Biosorption in an Agqueous
Solution by Saccharomyces Cerevisiae.
Chem Eng J. 2008; 145(2): 267-75.

20. Svecova L, Spanelova M, Kubal M,
Guibal E. Cadmium, Lead and Mercury
Biosorption on Waste Fungal Biomass
Issued from Fermentation Industry. 1.
Equilibrium Studies. Sep Purif Technol.
2006; 52(1): 142-53.

21. Yuan H, Li Z, Ying J, Wang E.
Cadmium (1 Removal by a
Hyperaccumulator Fungus Phoma sp. F
Isolated from Blende  Soil. Curr
Microbiol. 2007; 55(3): 223-7.

22. Zafar S, Aqil F, Ahmad I. Metal
Tolerance and Biosorption Potential of
Filamentous Fungi Isolated from Metal

Soleimani N et al/ J. Hum. Environ. Health Promot. 2016; 1(2): 87-98



Cadmium Biotreatment

Contaminated Agricultural Soil. Bioresour
Technol. 2007; 98(13): 2557-61.

23. Li XM, Liao DX, Xu XQ, Yang Q,
Zeng GM, Zheng W, et al. Kinetic Studies
for the Biosorption of Lead and Copper
lons by Penicillium  Simplicissimum
Immobilized within Loofa Sponge. J
Hazard Mater. 2008; 159(2): 610-5.

24. Deng Z, Cao L, Huang H, Jiang X,
Wang W, Shi Y, et al. Characterization of
Cd-and Pb-resistant Fungal Endophyte
Mucor sp. CBRF59 Isolated from Rapes
(Brassica chinensis) in a Metal-
Contaminated Soil. J Hazard Mater. 2011;
185(2): 717-24.

25. Ge W, Zamri D, Mineyama H, Valix
M. Bioaccumulation of Heavy Metals on
Adapted Aspergillus Foetidus. Adsorption.
2011; 17(5): 901-10.

26. Bayramoglu G, Arica MY. Removal of
Heavy Mercury (I1), Cadmium (Il) and
Zinc (I) Metal lons by Live and Heat
Inactivated Lentinus Edodes Pellets. Chem
Eng J. 2008; 143(1): 133-40.

27. Sharma S, Adholeya A. Detoxification
and Accumulation of Chromium from
Tannery Effluent and Spent Chrome
Effluent by Paecilomyces Lilacinus Fungi.
Int Biodeterior Biodegradation. 2011;
65(2): 309-17.

28. Malik A. Metal Bioremediation
through Growing Cells. Environ Intl. 2004;
30(2): 261-78.

29. Melgar MJ, Alonso J, Garcia MA.
Removal of Toxic Metals from Aqueous
Solutions by Fungal Biomass of Agaricus
Macrosporus. Sci Total Environ. 2007;
385(1): 12-9.

30.  Velmurugan N, Hwang G,
Sathishkumar M, Choi TK, Lee KJ, Oh
BT, et al. Isolation, Identification, Pb (I1)
Biosorption Isotherms and Kinetics of a
Lead Adsorbing Penicillium sp. MRF-1

97

from South Korean Mine Soil. J Environ
Sci. 2010; 22(7): 1049-56.

31. Ahluwalia SS, Goyal D. Microbial and
Plant Derived Biomass for Removal of
Heavy Metals from Wastewater. Bioresour
Technol. 2007; 98(12): 2243-57.

32. Sanghi R, Sankararamakrishnan N,
Dave BC. Fungal Bioremediation of
Chromates: Conformational Changes of
Biomass during Sequestration, Binding,
and Reduction of Hexavalent Chromium
lons. J Hazard Mater. 2009; 169(1): 1074-
80.

33. Javanbakht V, Zilouei H, Karimi K.
Lead Biosorption by Different
Morphologies of Fungus Mucor Indicus.
Int Biodeterior Biodegradation. 2011;
65(2): 294-300.

34. Xiao X, Luo S, Zeng G, Wei W, Wan
Y, Chen L, et al. Biosorption of Cadmium
by Endophytic Fungus (EF)
Microsphaeropsis sp. LSE10 Isolated from
Cadmium  Hyperaccumulator  Solanum
Nigrum L. Bioresour Technol. 2010;
101(6): 1668-74.

35. Blaudez D, Botton B, Chalot M.
Cadmium  Uptake and  Subcellular
compartmentation in the ectomycorrhizal
Fungus Paxillus Involutus. Microbiol.
2000;146(5): 1109-17.

36. Mishra A, Malik A. Simultaneous
Bioaccumulation of Multiple Metals from
Electroplating Effluent Using Aspergillus
lentulus. Water Res. 2012 46(16):
4991-8.

37. Xu X, Xia L, Huang Q, Gu JD, Chen
W. Biosorption of Cadmium by a Metal-
Resistant Filamentous Fungus Isolated
from Chicken Manure Compost. J Environ
Technol. 2012; 33(14): 1661-70.

38. Kratochvil D, Volesky B. Advances in
the Biosorption of Heavy Metals. Trends
Biotechnol. 1998; 16(7): 291-300.

Soleimani N et al/ J. Hum. Environ. Health Promot. 2016; 1(2): 87-98



98

39. Price MS, Classen JJ, Payne GA.
Aspergillus Niger Absorbs Copper and
Zinc from Swine Wastewater. Bioresour
Technol. 2001;77(1):41-9.

40. Yan G, Viraraghavan T. Effect of
Pretreatment on the Bioadsorption of
Heavy Metals on Mucor Rouxii. Water SA-
Pretoria. 2000; 26(1): 119-24.

41. Salinas E, Elorza de Orellano M, Rezza
I, Martinez L, Marchesvky E, Sanz de
Tosetti M. Removal of Cadmium and Lead
from Dilute Aqueous Solutions by< i>
Rhodotorula Rubra</i>. Bioresour
Technol. 2000; 72(2): 107-12.

42. Miransari M. Hyperaccumulators,
Arbuscular Mycorrhizal Fungi and Stress
of Heavy Metals. Biotechnol Adv. 2011,
29(6): 645-53.

Soleimani N et al/ J. Hum. Environ. Health Promot. 2016; 1(2): 87-98

Cadmium Biotreatment



