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ABSTRACT

This study, relates to results of Cd(II) and Pb(II) adsorption and removal efficiency from polyvi-
nyl alcohol-Na-alginate (PVA-SA) immobilizing cells of Shi-take mushroom (Lentinus edodes)
by H,SO,, HNO;, HCI, Nay,CO;, NaHCOj;, and NH,CI solutions. Of these desorbing agents,
H,50,, HNO;, and HCI had strong desorbing potential, while HCl and HNOj; did better. The
bio-sorbent particles, after desorption by both H,SO, and HNO; were found to be corroded.
H,SO, solution was most severe and it caused formation of amorphous matter at the surface
that wrapped bio-sorbent particles and caused their round-shape coagulation. This membranes
formed, further blocked desorption of Cd(I)/Pb(Il). After desorption by HNOj, the particles
were broken down due to strong oxidative power of the acid itself; while no obvious surface
corrosion happened after desorption of the bio-sorbent particles when HCI was used as desorp-
tion agent. Since HCI solution had a weak influence on the bio-sorbent’s surface features, this
acid was used as desorbing agent. An optimal time at equilibrium for Pb(II) desorption by
1mol/L HCI was 90 min and for Cd(II) by 0.1 mol/L HCI was 60 min, with maximum efficiency
of 90% and 81%, respectively. The pseudo-second-order model well-fitted to Cd(II)/Pb(II)
desorption rates and the correlation coefficients (R?) were 0.9989 and 0.9969, respectively. From
trial to trial as regeneration of bio-sorbent continued, its absorptive potential gradually weak-
ened. Nevertheless, after three regeneration trials, the absorptive potential of reused bio-sor-
bent still reached 69% for Cd(II) and 85% for Pb(Il), and what was displayed is that the
immobilizing technology with the abandoned stipe of Shi-take mushroom can be feasible in
practical application. After Pb(Il) bio-sorption, the surface of bio-sorbent became rich in Pb(II)
and energy spectra confirmed that the crystals found in scanning electron microscope (SEM)
analysis were Pb(II) salts. On the other side, the spectral peak from Cd(II) was not as clear as
from Pb(Il). After desorption phase of Pb(Il) and Cd(Il), there were no spectral peaks from these
heavy metals at the surface of the regenerated bio-sorbent.
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1. Introduction

An accumulation of heavy metals including
cadmium and lead in the environment still takes
place [1]. Wastewater clean-up by application of bio-
sorbents to control toxic compounds is among
sustainable environmental wastewater treatment
technology priorities [2-8]. A fixed-microbial technol-
ogy, apart from high efficiency of wastewater clean-
up from heavy metals also enables metal recovery
and bio-sorbent recycling. An example of such
approach can be the application of bio-beads made
of Lentinus edodes mushroom’s waste material in
wastewater treatment.

The L. edodes mushroom is known from the time
of antique China as an oldest mushroom species
cultivated by man. Its Chinese name is xiang gu and
that means “mushroom that smells well”—especially
if fresh. Nowadays, L. edodes is known worldwide
under the name of Shi-take mushroom. This widely
cultivated species is anticipated, due to its nutri-
tional, sensory, and medicinal properties. In nature,
this mushroom grows on dead wood of broad-
leaved Cyclobalanopsis trees of evergreen forests in
Asia. The trees of genus Cyclobalanopsis are also con-
sidered as subgenus to Quercus genus trees of Faga-
ceae family [9].

Apart from a large biomass of Shi-take mush-
room cultivated and harvested annually for human
consumption in China, available also is a waste
material consisting of part of stipe, which is cut-off.
Use of Shi-take mushroom waste material as bio-sor-
bent for reclamation of contaminated water bodies
can be an interesting perspective. Higher mush-
rooms (Macromycetes) are known due to their high
ability to fix and accumulate in fruit bodies metallic
elements [10,11]. Among the genus Agaricus, the
mushroom such as Agaricus macrosporus is even sug-
gested as a potential species for bio-remediation of
substrates contaminated with heavy metals [12].

First attempts to wuse the fixed-microbial
technology were related to fermentation process,
while for water treatment it dates back to the late
1970s and peaked-up recently [13]. The fixed-microbial
technology enables to overcome some weakness, if
only biological cells are used, which are too small in
size to be effectively separated from the water
medium and that causes secondary pollution
problems. Fixed bio-sorbents (bio-beads), when com-
pared to biological cells technology, had an advantage
to be more efficient in sorption properties and stable.
Hence, they can be purified and reused. This gives the
fixed bio-beads technology a board application poten-
tial in the field of wastewater treatment [14,15].
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A possibility to reuse of fixed bio-beads can mean
a lot if they could find industrial applications [16].
This is because improper bio-beads disposal or lack of
treatment after use affects not only recovery of heavy
metals, but can cause secondary pollution problems.
Efficient metal desorption rates not only lead to avoid-
ance of secondary pollution, but also enable metals
and bio-sorbent to recycle [17]. Fixed bio-beads are
ideally suited for the recovery of non-destructive
metal ions.

Heavy metals when enriched on fixed cell
bio-beads can be further removed using a proper
desorbent. Many desorbents can be used to remove a
particular metallic element bound to bio-bead and to
achieve selective metal recovery. If the fixed cells are
alive, influences of desorbing agent on the cells’
biological activity have to be considered. Desorbents
that are nutritious to the cell system, should be the
best. If the fixed cells in bio-bead are inactive, some
common and cheap reagents can be used [18-22].
There is a battery of chemical reagents that could be
utilized as heavy metals desorbing agents, including
CaCl,, HNOj3;, MgCl,, H;50,4, and others.

For example, Wang et al. found that desorption
efficiencies of Cu(ll) from the bio-bead made of
Micrococcus luteus GC subgroup B., when being des-
orbed by use of CaCl,, HNO;, and H,50, were 62.1,
94.7, and 99.9%, respectively [23]. In a study by Xu
et al. desorption of Cd(Il) from a bio-bead that con-
sisted of the yeast cells was far more efficient by use
of 1mol HCI solution than deionized water or NaOH
[24]. Zyskova et al. found that microsoluble CaSO,
and CaCO; not only exchanged heavy metals from
the activated sludge, but also left a proper amount of
the metals thus making possible, the use of sludge as
crop fertilizer [25]. In another study, Xie et al.
desorbed Pd(II) from the beer yeasts with the highest
efficiency (98.7%) by 0.5mol HCI solution, when
compared to some other agents [26].

This study, relates to efficiency of Cd(II) and Pb(II)
desorption and removal from polyvinyl alcohol-Na-
alginate (PVA-SA) immobilizing cells of Shi-take
mushroom (L. edodes) by H,SO4, HNO3, HCI, NayCOs,
NaHCO;, and NH4Cl solutions. According to the
study of Ma et al. the optimal immobilization condi-
tion for absorbing cadmium was 5%PVA +1%SA + 3%
L. edodes+2% CaCl,, and the optimal immobilization
condition for absorbing was 8%PVA +1%SA+3% L.
edodes +2% CaCl,. The balling property and mechani-
cal strength are better, so we adopted their optimal
formula to ensure the accuracy of this experiment
[27]. Our practical goal was to find the best materials
and parameters for removal of Cd and Pb from waste
waters.
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2. Materials and methods
2.1. Materials
2.1.1. Biotic component

An inedible part of stipe of the mature Shi-take
mushroom (L. edodes), adhered to culture substrate
were cut off and cleaned with distilled water, and
further dried at 50+2°C in an electrically heated dryer
to constant weight. A dried biomass was taken out of
the dryer and cooled down to the ambient tempera-
ture. Next, to form a biotic component of sorbent, the
biomass was crushed into powder using a grinder
(ST-04A, 1,200W, 2,800rpm; Shuaito Tool Limited
Company, Yong Koro city, China), crossed 120-mesh
sieve, and kept in a glass jar.

2.1.2. Bio-sorbent for Cd(II)

Polyvinyl alcohol (PVA; 5g; analytically pure) and
sodium-alginate (SA; 1g; analytically pure) were
poured into distilled water (100 mL) in a beaker and the
mixture was heated and stirred until dissolved. Next,
the biotic component made of Shi-take mushroom sti-
pes (3g) was added to PVA-SA solution that was ear-
lier cooled down to 45-50°C. The biotic component was
well stirred in the PVA-SA solution to make a mixture
of epiphyte, alginate, and polyvinyl alcohol. Next,
using a syringe (needle no. 7-9), the mixture was
squeezed into saturated solution of H3;BO; (analytically
pure; Merck), added CaCl, (2%, analytically pure;
Merck), and stirred constantly to form the epiphyte,
alginate, and polyvinyl alcohol bio-sorbent beads. Fresh
bio-sorbent beads after standing for 24 h were washed-
up using distilled water and next dried at 50 £ 2°C in an
electrically heated dryer to constant weight. In this
way, the polyvinyl alcohol-Na-alginate (PVA-SA)
immobilizing cells of Shi-take mushroom bio-sorbent
for Cd was prepared and kept in a glass jar for further
use.

2.1.3. Bio-sorbent for Pb(II)

The method of bio-sorbent preparation for Pb(I)
was the same, as for Cd(I). The only exception was
amount of PVA taken, which was 8g.

2.1.4. Cd(II) solution

A stock solution containing 1,000mg Cd/L was
made by cadmium (100mg, analytically pure; Merck)
dissolving in a small volume (1:1) of concentrated HCl
solution (38%, analytically pure; Merck). Next, 1 mL of
HNO; solution (GB/T622-1989, specific gravity
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1.42g/cm®, analytically pure; Merck) was added and
solution was made up with distilled water to 100 mL
and further shaken gently.

2.1.5. Pb(II) solution

A stock solution containing 1,000mg Pb/L was
made by dissolving of lead nitrate (1.5990 g, Pb(NO3),,
analytically pure; Merck) with an appropriate volume
of distilled water, mixed with HNOj solution (specific
gravity 1.42¢g/ cm® 100mL). Next, the solution was
transferred and made up with distilled water to
1,000mL and further shaken gently.

2.1.6. Desorbing agents

1 mol/L solutions of HCl, HNO;, and H,SO, were
prepared, respectively, by subsequent dissolving of
concentrated solutions of HCI (38%; 85.9 mL), HNO;
(68%; GB/T626-2006; 69.7mL) and H,50, (95%; GB/
T625-1989; 55.7mL; analytically pure, Merck) in dis-
tilled water and made up to 1,000mL.

1mol/L solutions of sodium carbonate (Na,COs;
105.99 g; analytically pure, Merck), sodium hydrocar-
bonate (NaHCOj;; 84.01g; analytically pure, Merck),
and ammonium chloride (NH4Cl; 53.50 g; analytically
pure, Merck) were prepared by dissolving reagents in
distilled water and made up to 1,000mL. 1mol/L
NaOH or HCl adjusts the pH value of desorbing
agents to pH 6.

2.2. Methods

A 0.5g portion of bio-sorbent were poured into
water solution (25mL) containing 10mg/L of Cd(l)/
Pb(Il) and well shaken for the next 240 min. After the
metal ions are absorbed, measure the concentration of
metal ions by atomic absorption spectrometer (AAS,
made in Australia, GBC 9322 AA). The measurement
wavelength of Cd was 228.8 nm, the lamp current was
3.0mA, and the spectral slit width was 0.5nm; the
measurement wavelength of Pb was 217.0nm, the
lamp current was 5.0mA, and the spectral slit width
was 1.0nm. The bio-sorbent with bound Cd and Pb
was repeatedly washed out with distilled water and
kept wet, for the performance of the following sorb-
ing-desorbing experiments.

2.2.1. Selection of desorbing agent

The desorbing agents tested valid to desorb Cd(II)/
Pb(II) bound to bio-sorbent were 0.1 mol/L solutions of
H,SO,, HNO;, HCl, Na,CO;, NaHCO;, and NH,CI.
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These desorbing agents (50 mL) were added separately
to the Cd(I)/Pb(Il) enriched bio-sorbent portions (an
original mass was 0.5g dry weight) and the mixtures
were shaken up evenly for 240 min. Cadmium and lead
concentrations were tested by atomic absorption spec-
troscopy. A desorbing agent with the strongest desorb-
ing potential was selected for further surveys. Each
experiment was run in three replicates.

2.2.2. Desorbing equilibrium time tests

The 50mL portions of 0.1mol/L HCI as a final
desorbing agent were added separately to the Cd(I)/
Pb(II) enriched bio-sorbent portions (an original mass
of each portion was 0.5g dw). Next, the mixtures
obtained were shaken up evenly for a period of 1, 5,
10, 15, 30, 60, 90, 120, 180, and 240 min. Each trial was
run in three replicates.

2.2.3. Selection of a final desorbing agent concentration

The 50mL portions of HCI solutions (0.01, 0.03,
0.05, 0.1, 0.5, and 1mol/L) were added to the Cd(I)/
Pb(II) enriched bio-sorbent portions (an original mass
of each portion was 0.5g dw). Next, the mixtures
obtained were shaken up evenly for a period of 1, 5,
10, 15, 30, 60, 90, 120, 180, and 240 min. Each trial was
run in three replicates.

2.2.4. Desorbing agent efficiency assessment

The Cd(I)/Pb(I) enriched bio-sorbent portions (an
original mass of each portion was 0.5g dw) were trea-
ted with 50 mL portions of 0.1 and 1.0mol/L HCI solu-
tion, respectively. Each mixture obtained was shaken
up evenly until equilibrium. Then the mixture was fil-
tered through filter paper (type GB/T1914, manufac-
tured by limited company of special paper production,
Hangzhou, China) of medium filtering speed. These
operations were repeated threefold and the metals con-
centrations were determined successively. The bio-sor-
bent material recovered was dried at 50+2°C in an
electric oven until constant weight. This regenerated
bio-sorbent can be further used to remove Cd(II)/Pb(II)
from contaminated water media.

2.2.5. Scanning electron microscope (SEM) and energy
spectra (ES) analyses of the fixed bio-beads

The SEM (type SEM ]JSM-5900LV, made in Japan)
and energy spectra (ES) (type PV9100/65, made in
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Japan) analyses of bio-sorbent made of PVA-SA
immobilizing cells of Shi-take mushroom were
performed before and after sorption of Cd/Pb and
after metals desorption. The bio-sorption material
before the SEM and ES analyses was always dried
and crushed. A scanning electron microscopy enabled
examination of the microscopic structure of sample
surface, while energy spectra enabled examination
their elemental composition characteristics.

2.3. Calculations

Quantitative calculations and data processing fol-
lowed the formula (a):

Qe = (Co - CE)V/M (1)

where g, is adsorbed metal per unit mass (mg/g); C,
is an initial concentration of heavy metal ion (mg/L);
C, is concentration of heavy metal ion at adsorption
equilibrium (mg/L); V is volume of the solution (L);
M is a dry weight of bio-sorbent powder (g).

Calculations of adsorption ratios of metal ions fol-
lowed the formula (b):

X = (C, — C.)/C, x 100 )

where X is adsorption ratio of metal ions (%); C, is an
initial concentration of heavy metal ion (mg/L); C, is
concentration of heavy metal ion at absorption equi-
librium (mg/L).

Calculations of desorption ratios of metal ions fol-
lowed the formula (c):

Y=C/(C,—C,) x 100% (3)
where Y is desorption ratio of metal ion (%); C; is

metal ion concentration in solution after desorption
(mg/L); C, is an initial concentration of heavy metal

90 -
80 +

0cd
Pb

Desorption ratio (%)

NaHCO3

Na2CO3 NH4Cl1 HCI HNO3 H2S04

Desorbents

Fig. 1. Cd(I) and Pb(II) desorbing efficiency by various
desorbing agents.
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ion in solution before desorption (mg/L); C, is concen-
tration of heavy metal ion at desorption equilibrium
(mg/L).

3. Results and discussion
3.1. Optimal desorbing agent selection

Among six desorbing agents tested (Fig. 1), HySOy,
HNO;3, and HCI had good desorbing potential, while
HCI and HNO; did better. Their desorption efficien-
cies for Cd(dI) and Pb(I) were 81.77% (HCI-Cd),
78.24% (HCI-Pb), 66.95% (HNO;-Cd), and 65.91%
(HNO3-Pb). H,SO,, HNO;, and HCI are strong acids
and dissociate large amounts of H* ions, while an
opposite situation is with weak acid salts such as
NayCOs, NaHCO;, and NH,CI. Therefore, these exper-
iments showed that H" at great concentration is able
to exchange the metal ions bound to the bio-sorbent
cells. The strong acid solutions contain large amounts
of hydrogen ions (H") that compete with Cd(II)/Pb(II)
ions for the active sites of bio-sorbent. In the cases
where these active sites are occupied by hydrogen
ions, the competing Cd(II)/Pb(I) lose their chance to
be bound to bio-sorbent and return to the test solu-
tion.

Fig. 2 has given a view of shape of PVA-SA
L. edodes before and after Cd(II)/Pb(l) desorption by
HCI (b), HNO; (c), and H,SO,4 (d). It could be noted
that particles of bio-sorbent after desorption of Cd/Pb
ions with HCl were no obvious surface corrosion was
present and the structure of particles was not broken.
If HNO; acted as desorbing agent, the bio-sorbent
particle structure was broken down by the strong oxi-
dative power of acid itself. Hence, its action was lar-
gely destructive to bio-sorbent and it became
unfavorable to reuse it. This observation on unsuit-
ability of HNO; solutions as desorbing agent for bio-
sorption, confirms the notes by Thezos and some
other researchers [29].

(@) (b)
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Desorption ratio (%)

0 50 100 150 200 250 300
Time/t (min)

Fig. 3. Desorption equilibrium of Pb(I) and Cd(II) when
using 0.1 molars HCl as desorption agent.

Corrosiveness of H,SO, solution was most severe
and it caused formation of amorphous matter at the
surface that wrapped bio-sorbent particles and caused
their round-shape coagulation. This membranes
formed, further blocked desorption of Cd(II)/Pb(Il).
Because of these failures, H,SO, was rejected. Since
HCI solution had a feeble influence on the bio-sor-
bent’s surface features, this acid was selected for fur-
ther evaluations.

3.2. Equilibrium time determination and dynamic analysis
3.2.1. Determination of equilibrium time

A time-dependent data on desorption equilibrium
of Pb(I)/Cd(I) with 0.1mol/L HCl as desorbing
agent are given in Fig. 3. As could be noted, desorp-
tion of Cd was rapid and 81.77% efficiency could be
achieved within the first 30 min. After 30min, effi-
ciency was steady. Lead could be desorbed rapidly
during the first 15min. Within the next 45min, effi-
ciency slowed down and after further 15min, steady
state was reached but did not exceed 70% (Fig. 3).

Cadmium was desorbed with greater efficiency
than lead and this difference was related to the differ-
ent desorption mechanisms of these metals. As was

(d)

Fig. 2. The shapes of PVA-SA immobilized L. edodes bio-beads with bound Pb(I)/Cd(II) before desorption test (a), and

after desorption by HCI (b), HNO; (c), and H,SO4 (d).
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noted by Li et al. lead is bound to the functional
groups of bio-sorbent and that causes its specific
adsorption and resistance for desorption [28]. And
opposite is with cadmium that is bound to bio-sor-
bent, due to electrostatic force, which is weaker, more
active, and unsteady. It was suggested that if bio-sor-
bent is soaked in acidic solution for prolonged period
of time, this will cause an impact on its functional
groups. Hence, desorption time should not be too
long [29]. Under the experiments in this study, an
optimal desorption time for Cd(Il) and Pb(Il) was set
as 60 and 90 min, respectively.

3.2.2. Analyses of desorption dynamic

To understand change in pattern of metals ion
concentrations with time during the adsorption/
desorption processes, the first and second order
kinetic equations are anticipated to fit the best experi-
mental data. A process of divalent heavy metal ions
bio-sorption, could be described by the pseudo-sec-
ond-order model (Eq. (d)) [30-33]:

t/q:r = 1/kaqe2 + t/q. (4)

where g; and g, are relative extent of adsorption at ¢
time and equilibrium time (mg/g); k, is pseudo-sec-
ond-order model adsorption rate coefficient.

As adsorption and desorption processes of metal
ions are two sides of a reversible phenomenon and to
fit changes in pattern of metals ion concentrations
with time during desorption the pseudo-second-order
model equation was used as well (e):

t/ei = 1/kpac? +t/c, (5)

where ¢; and ¢, are contents of metal ions in the solu-
tions at f time and equilibrium time (mg/L); ky; is

o cd
0l y= 03436x + 15579
20l R’ = 09989

A Pb

tlc

y= 0295x + 2.5962

30 R’= 0.9969

20t

10 f

% 50 100 150 200 250 300

Time/t (min)

Fig. 4. The pseudo-second-order curve of Pb(Il) and Cd(II)
desorption.
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pseudo-second-order model desorption rate coeffi-
cient.

The pseudo-second-order model, well fitted to Cd
(IN/Pb(I) desorption rates and determination coeffi-
cient R* were 0.9989 and 0.9969, respectively (Fig. 4).
Taking into account a slope and intercept of the
straight line, it may be inferred that theoretical content
of Cd?" at equilibrium time (c¢,) was 2.91mg/L and
desorption rate constant (kp;) was 0.0758. For Pb*",
theoretical content at equilibrium time (c,) was
3.39mg/L and desorption rate constant (k,;) 0.0335.
As kay, ca>kog pp, it could be concluded that desorp-
tion rate of Cd** was greater than of Pb*". For the
same valence cation, the greater the ionic radius, the
stronger the ionic sorption. The ionic radius of Pb** is
greater than of Cd**, so the sorption of Pb** is stron-
ger than of Cd**, while the desorption of Pb** is less
than of Cd**.

3.3. Determination of desorbing agent concentration

Concentration of desorbing agent could impact
on bio-sorbent desorption rates. Some studies have
shown that the rates of desorption increase in paral-
lel with an increase of desorbing agent concentra-
tion, until it reaches a plateau and desorption is
almost complete. Hence, in spite of further increase
of agent concentration, desorption rates remain
unchanged. For example, Qian et al. found that
0.1mol/L HCI solution had greater desorption effi-
ciency, compared to 0.01mol/L or 1.0mol/L HCI
used to leach Cd(I) and Cu(ll) from the fixed sea-
weed bio-sorbent [34].

As given in Fig. 5, initially the rates of Cd(II) and
Pb(Il) desorption increased with an increase in con-
centration of desorbing agent and for 0.01 mol/L HCI
these rates were 22.2 and 35.0%, respectively. For Cd
(II) and HCI, concentrations between 0.01 and

120

-1 cd
—A— Pb
100 [
3
)
° r A —
k=1
s
o
2
£
2
o3
&)
0 0.2 0.4 0.6 0.8 1 1.2

Concentration of desorbents (mol-L")

Fig. 5. The rates of Pb(II) and Cd(II) desorption for HCI as
desorbing agent at its various molar concentration values.
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0.05mol/L the desorbing efficiency varied remarkably
(between 22.2 and 77.9%) and afterwards at equilib-
rium reached 80%. Desorbing efficiency for Pb(II)
increased rapidly when HCI concentration was
between 0.01 and 0.03mol/L and further increased
gradually till 99% for 1.0mol/L HCI (Fig. 5). Defi-
nitely, a subsequent increase of H" concentration in
solution, enables it to be more competitive for active
sites at the bio-sorbent’s functional groups than of Cd
(D) /PbdI) ions and return metals into solution. The
study of Tsezos under scanning electronic microscopy,
found that high acid concentration destroyed the bio-
sorbent ability of cell walls and was bad to reuse it
[35]. An optimal concentration of HCI selected as best
desorbing agent in this study, was 0.1mol/L for Cd
(I and 1mol/L for Pbdl) (Fig. 5).

3.4. An influence of desorption process on absorptive
potential of reused bio-sorbent

A study aiming to assess an absorptive potential
of reused bio-sorbent consisted of three regeneration
trials. They included all procedural steps starting from
the Cd(II)/Pb(l) adsorption and desorption processes
using HCl, and followed bio-sorbent washing from
acid with distilled water, drying, crushing, and re-
absorbing phases, respectively. The results of these tri-
als are summarized in Fig. 6.

From trial to trial as regeneration continued, an
absorptive potential of regenerated bio-sorbent grad-
ually weakened, but not dramatically. In detail, after
first regeneration trial, absorption rates of Cd?** and
Pb>* were 80.27 and 98.51%, respectively; and
absorption rates of Cd** and Pb*" in second trial
were 73.37 and 89.11% and decreased by 6.9 and
9.4%, respectively; and in third trial decreased by
43 and 3.87% compared with the second trial,
respectively and compared with the first trial

@ Cd
120

=5 Pb
100 4
80 4
60

40 4

Absorption ratio(%)

20

Times of cycle

Fig. 6. Effect of bio-sorbent regeneration and reuse on its
sorption efficiency for Cd(II)/Pb(II).
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decreased by 11.2 and 13.27%, respectively. Never-
theless, after these three regeneration trials, an
absorptive potential of reused bio-sorbent still
reached 69.07% for Cd{I) and 85.24% for Pb(I), and
what displayed the Shi-take mushroom’s abandoned
stipe immobilizing technology was feasible in practi-
cal application.

The reason why the bio-sorbent material weakened
in its potential to adsorb heavy metals as regeneration
continued was that, Cd(Il) and Pb(I) might be not
completely desorbed-out during desorption pha-
ses—thereby, followed a decrease in number of sites
by which the bio-sorbent recombine with both metals.
As the bio-sorbent regeneration trials continued in a
parallel, the structure of the bio-sorbent could gradu-
ally change (degenerate) causing the number of active
binding sites decreased.

3.5. Scanning electron microscope observations and energy
spectra analysis

3.5.1. Scanning electron microscope observations of
bio-sorbent

The microscopic features of bio-sorbent observed
at various phases of its use are given in Fig. 7. A
brand new bio-sorbent surface structure before
absorption was rough and highly porous (Fig. 7(a)).
After absorbing Pb(I) (Fig. 7(b)) and Cd(ID) (Fig. 7(c)),
the surface of bio-sorbent changed as the voids visible
earlier disappeared and the crystals or precipitations
emerged. These crystals could emerge because of pre-
cipitation of the inorganic salts such as Pb(OH),,
PbCO; etc; in addition, when the cell or cell wall
adsorbed Cd{I)/Pb(I), some cells macromolecules
could rearrange and transform from the amorphous
or incomplete crystalline forms to the crystalline state;
other processes possibly can be due to deposition at
the bio-sorbent surface of Cd(Il)/Pb(II) combined with
bio-molecules or small particles of bio-sorbent mate-
rial.

In other words, the bio-sorbent material made
of PVA-SA immobilizing cells of Shi-take mush-
room could allow to heavy metal ions deposition at
the surface of cell wall material by means of physi-
cal adsorption or by forming an inorganic precipi-
tates, which agrees with some earlier reports [36].
After desorption phase, most of the heavy metal
salts deposited in the voids were desorbed by HCI,
the surface of bio-sorbent recovered were rough
again and more porous (Fig. 7(d) and (e)). This
observation further proved that 0.1 and 1.0mol/L
HCI solution desorbed heavy metals bound to bio-
sorbent.
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Fig. 7. The scanning electron microscope images of PVA-SA immobilized L. edodes mushroom bio-beads at various stages
of use.
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Fig. 8. The energy spectra analysis data of the PVA-SA immobilized L. edodes bio-beads at various stages of use.

3.5.2. Energy spectra of bio-sorbent and Cd element, while weak spectral lines of Si, Cl,
and Ca (Fig. 8(a)) are visible. They are due to utiliza-
tion of immobilizing agents, for example preparations
(PVA, CaCl,, stipes of mushroom) with low content of
these elements. After adsorption process of Pb(Il), the

Fig. 8 displays the results of the energy spectra
analysis of bio-sorbent at its various stages of its use.
The surfaces of brand new bio-sorbent is free of Pb
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spectral peak of Pb adsorbed by bio-sorbent is obvious
(Fig. 8(b)). This finding confirms that the surface of
bio-sorbent become rich in Pb(II) and that the crystals
found in SEM analysis were Pb(I) salts. On the other
hand, the spectral peak of Cd(Il) was not as clear as
of Pb(Il) (Fig. 8(c)). The reason of this relatively low
resolution for Cd(I) was its low absorbance. After
desorption phase of Pb(Il) (Fig. 8(d)) or Cd(Il) (Fig. 8
(e)), there are no spectral peaks from these heavy met-
als at the surface of the bio-sorbent, but a peak of Cl
from HCl is observed.

4. Conclusions

It has been shown in this study that HCI solution
was used as desorbing agent. Desorbing Pb*" and Cd**
with HCI, the equilibrium time was 90 and 60 min, with
maximum efficiency of 90 and 81%, respectively. The
pseudo-second-order model well fitted to Cd(II)/Pb(II)
desorption rates and the correlation coefficients (R)
were 0.9989 and 0.9969, respectively. From trial to trial,
as regeneration of bio-sorbent continued, its absorptive
potential gradually weakened. Nevertheless, after three
regeneration trials, the absorptive potential of reused
bio-sorbent still reached 69% for Cd(Il) and 85% for Pb
(I) and what displayed that the immobilizing technol-
ogy with the abandoned stipe of Shi-take mushroom
can be feasible in practical application. After Pb(II) bio-
sorption, the surface of bio-sorbent became rich in Pb
(I and energy spectra confirmed that the crystals
found in SEM analysis were Pb(Il) salts. On the other
side, the spectral peak from Cd(II) was not as clear as
Pb(II). After desorption phase of Pb(II) and Cd(II), there
were no spectral peaks from these heavy metals at the
surface of regenerated bio-sorbent. In conclusion, the
bio-sorbent made of polyvinyl alcohol-Na-alginate
(PVA-SA) immobilizing cells of Shi-take mushroom
(L. edodes) abandoned stipe material can be effective
medium to absorb and eliminate Cd(II) and Pb(II) from
water contaminated with these metals. This created
bio-sorbent, after use could be further regenerated and
reused for Cd(Il) and Pb(I) removal from contami-
nated water. In the future, we may find more kinds of
fungus as biomaterals to remove heavy metals from
wastewater. Otherwise, we can apply this mind to
other environment pollutions, for example, soil
pollution.
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