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ABSTRACT: The biosorption process, characterized by the use of biomass for removing met-
als from aqueous solutions, is an attractive technology using inactive and dead biomasses to
remove heavy metals from aqueous solutions in the absence of metabolic activity necessary
for intracellular accumulation. The desorption process, which concentrates the metal previously
absorbed for possible reuse, is also important. The desorption of copper (Cu) (Il) associated
with the biomass of Cladosporium cladosporioides (Fres) de Vries was evaluated following the
biosorption process (adsorption). Specifically, four eluents were used (all at a concentration
0.1 mol L), sulfuric acid, hydrochloric acid, ethylenediaminetetraacetate disodium and calcium
chloride, as well as the recovery of Cu (ll) desorbed as copper sulfate. After 120 h, 97 % of Cu
in solution had been adsorbed. C. cladosporioides can efficiently adsorb Cu (Il). Further, 0.1 mol
L sulfuric acid was viable and the most efficient for the desorption of the absorbed metal, while
ensuring viability of C. cladosporioides after desorption, which is important for the reuse of the

Received January 28, 2012
Accepted September 21, 2012

Introduction

Biosorption is a technology that is based on the
removal of heavy metals by biomass present in aqueous
solutions through passive means; that is, the mechanism
of removal is not metabolically controlled (Davis et al.,
2003). Biosorption is a potentially important mechanism
for heavy metal cleanup relative to conventional meth-
ods due to its low cost, high efficiency and the possibil-
ity of the regeneration and recovery of the metals (Cruz
et al., 2004; Luo et al., 2010). The biosorption does not
replace methodologies used for removal of metals (such
as precipitation, reduction, ion exchange, adsorption and
coagulation); however, it can act as a system polishing in
processes that are not completely efficient. The desorp-
tion of heavy metals in biosorbents can be accomplished
with the use of eluents (agent competitors), which have
different modes of interaction with biomass that has ac-
cumulated metals, allowing some percentage of recovery
(Seolatto et al., 2009; Suhasinia et al., 1999).

The biomass of Cladosporium is an efficient biosor-
bent of copper - Cu (II), cyanide, nickel, organochlorine
pesticides, cadmium, silver, gold, and several organic
compounds, including aromatic hydrocarbons, ketones
and organic acids (Buszman et al., 2006; Juhasz et al.,
2002; Pethkar et al., 2001a,b; Qi et al., 2002). While Cu
(II) is an important trace element for the growth of these
fungi, it can be toxic in high concentrations. An effec-
tive biosorbent for Cu (II) must be able to withstand
high concentrations of this metal found in contaminated
wastes (Melgar et al, 2007), for example, with pesticides
used in agricultural production (Andreazza et al., 2010;
Dell'Amico et al., 2008). The process of desorption of the
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metals that are biosorbed from the water, and its con-
centration for subsequent use, is as important as the bio-
sorption process. Thus, the aim of the present study was
to evaluate the desorption of Cu (II) by Cladosporium cla-
dosporioides (Fres) de Vries biomass through biosorption
(adsorption) using sulfuric acid, hydrochloric acid, ethyl-
enediaminetetraacetate disodium and calcium chloride,
as well as Cu (II) desorbed as copper sulfate (CuSO,).

Materials and Methods

This study focused on the filamentous fungi, C.
cladosporioides, isolate G088, obtained from coffee beans.
Cladosporium cladosporioides was first cultivated in the
middle of solidified potato-dextrose-agar (PDA), inocu-
lated with chloramphenicol antibiotic, and incubated at
25 °C for 10 days. After this period, three discs (6 mm in
diameter each) of the fungus were transferred to Erlen-
meyer flasks of 250 mL with 100 mL of medium potato-
dextrose (PD). Twenty flasks were used, each containing
three discs of C. cladosporioides. After 5 h-agitation at
120 rpm at 25 °C in an orbital shaker, the flasks were
incubated at 25 °C for 20 days. After this period, the bio-
mass was filtered and washed with distilled water four
times to remove the middle of the culture.

For adsorption, 20 g of wet biomass of C. cladospo-
rioides were transferred to a 250 mL-Erlenmeyer flask
containing 150 mL of copper sulfate pentahydrate (Cu-
SO,. 5H,0), with a concentration of 20 mg L, which
contained the initial concentration of 4.8 mg L! of Cu
(IT). This procedure was replicated 12 times. The adsorp-
tion test was carried out in a finite bath for 120 h and
was agitated at 120 rpm at 25 °C. The concentration fac-
tor (CF) was calculated by CF= C/Co, where C is the
adsorbed Cu (II) concentration and Co is the initial Cu
(ITI) concentration. To achieve kinetic adsorption of Cu
(IT), aliquots of 10 mL of the solution that contained the
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fungus were flooded during the following periods: 0; 0.5;
1; 2, 4 ; 6; 8; 10; 22; 24; 48; 72; 96 and 120 h. Samples
were filtered on filter paper and analyzed for Cu (II) ab-
sorption by atomic spectrometry.

Viability of C. cladosporioides after adsorption:
three discs (6.0 mm diameter) were removed from the
Cu (II) solutions after 120 h of adsorption, transferred
to Petri dishes with solidified PDA and chloramphenicol
antibiotic and incubated at 25 °C for 10 days. Fungal
growth was visually compared to control treatments
where there was no chemical treatment.

Desorption of Cu (II) by C. cladosporioides: after
120 h of contact with the Cu (II) solution, the contami-
nated biomass was filtered and rinsed five times with
distilled water to remove superficially deposited Cu (II).
After it was filtered and rinsed, the biomass was placed
in contact with one of the following 0.1 mol L™ eluent
solutions: sulfuric acid, hydrochloric acid, ethylenedi-
aminetetraacetate disodium and calcium chloride, to de-
termine the amount by which they desorbed the Cu (II)
that was previously adsorbed.

For the desorption stage, 20 samples of 5 g of
biomass (five samples for each eluent) were placed in
contact with 100 mL of the eluent solution in 250 mL
Erlenmeyer flasks. The entire system (biomass contami-
nated and eluent solution) were agitated at 120 rpm at
25 °C for 10 h. In order to estimate the process of Cu
(IT) desorption, 5 mL aliquots were removed from each
system at the following times: 0, 2, 4, 6, 48 and 100 h.
The amount of Cu (II) was analyzed by atomic absorp-
tion spectrometry:.

Viability of C. cladosporioides after desorption: three
discs (6.0 mm diameter) were removed from each eluent
solutions after 10 h of desorption, transferred to Petri
dishes with middle solidified PDA (potato-dextrose agar)
and chloramphenicol antibiotic, and incubated at 25 °C
for 10 days. The changes in growth were compared (vi-
sually) to controls that had not been exposed to chemical
treatment.

Recovery of Cu (II) desorbed as hydrated copper sul-
fate: sulfuric acid at 0.1 mol L! had the highest elution
capacity of Cu (II) adsorbed in biomass of C. cladospo-
rioides. To discern how this Cu (II) could be recovered,
the adsorption and desorption processes were repeated
for this eluent. Therefore, 12 Erlenmeyer flasks, each
containing 20 g of C. cladosporioides and 100 mL CuSO,.
H,O solution (at a concentration of 20 mg L) were incu-
bated at 25 °C and agitated for 120 h at 120 rpm. Next,
the biomass was rinsed five times with distilled water.
To repeat the desorption process, 12 Erlenmeyer flasks,
each containing 5 g of washed and filtered biomass (after
adsorption) and 100 mL of sulfuric acid 0.1 mol L!, were
incubated at 25 °C and agitated at 120 rpm for 10 h.
Samples were collected at the beginning and end of the
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adsorption and desorption processes for Cu (II) analysis
using atomic absorption spectrophotometry. After des-
orption, 900 mL of sulfuric acid 0.1 mol L' (containing
Cu II) were obtained. For Cu (II) precipitation, this vol-
ume was reduced to 100 mL by heating on an electric
plate. Five mL of thioacetamide 3 % w/v were added
during this process to operate as a source of sulfur for
the precipitation of copper sulfide (CuS). The CuS was
dried on an electric plate. To obtain Cu (II) in the form
that was used in the solution for the adsorption test (cop-
per sulfate), hydrogen peroxide (2 mL) was added to oxi-
dize CuS to copper sulfate.

Statistical Analyses: The experiment was carried out
using a completely randomized factorial design with
four types of eluent solution and five contact times. Each
treatment was replicated five times. The data were ana-
lyzed using analysis of variance (ANOVA), the quantita-
tive data (time) were analyzed using linear regression and
the qualitative (type of eluent) data were compared with
an average means test [Tukey's test (p < 0.05)]. Analyses
were performed with SAS software (SAS, 1996).

Results and Discussion

Process of Cu (II) adsorption by C. cladosporoides:
the reaction kinetics of Cu (II) adsorption relative to the
Cu (II) remaining in the solution was modeled with a
common decay model (Equations 1 and 2).

dC/dTc= -k.C (1)
C=Co.e’&T (2)

where: C = Remaining Cu (II) concentration (mg L™);
Co = Initial Cu (II) concentration (Tc = 0); Tc = Contact
time (time); k = Reaction coefficient (time™).

The values of the reaction coefficient (k) were cor-
related with the time of contact. Higher values of k have
higher reactions speeds. The adsorption process occurs
in two phases, the first having greater speed than the
second (higher values of k) (Figures 1A and 1B). At the
beginning of the adsorption process, most of the binding
sites are free, and adsorption is fast. According to Sil-
veira and Alleoni (2003), this is due the initial period of
the adsorption curve corresponds to a high energy link.
The second phase (Figure 1B) occurs due to a release of
sites previously saturated by ligands in the first stage
that result, for example, from a change in pH (Kaewsarn,
2002), and this phase occurs more slowly.

The quantity of adsorbed Cu (II) was calculated by
the difference between the initial concentration and the
concentration during the different contact times and was
reported as the concentration of adsorbed Cu (II) and the
remnants in the solution. After 30 min, 71 % of Cu (II)
in the solution had been adsorbed, and after 2 h, 94 %.
At the end of the process of adsorption (i.e., after 120 h),
a concentration factor of 0.97 was observed. These ad-
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Figure 1 — Effect of contact time at the speed of adsorption (A) first
phase and (B) the second phase of copper per biomass of C.
cladosporioides.

sorption values are close to the 90 % of Cu (II) removed
after 15 min using the alga, Padina sp., as observed by
Kaewsarn (2002).

The kinetics of the adsorption reaction indicates
that the time of balance (point in which the concentra-
tion absorbed is the same to the concentration desorbed)
was at 12.7 h of contact (Figure 2A and 2B). Finding the
equilibrium time is important because this is when the
adsorbed solute can, with a simple change in tempera-
ture, concentration or operating pressure, be removed
from the adsorbent, hindering the subsequent adsorp-
tive process (Peruch et al., 1998).

Viability of C. cladosporioides after adsorption: the
visual comparison of the growth of C. cladosporioides af-
ter immersion in a solution of CuSO, for 120 h showed
that this does not inhibit the growth of the fungi but de-
lays the start of growth by three days relative to when it
was not immersed in a solution of Cu (II) for 10 days.

Desorption Process of Cu (II) by C. cladosporoides:
The mean values of Cu (II) concentrations desorbed for
each type of eluent solution, in each time period, are
summarized in Table 1. A significant interaction was ob-
served (p < 0.01) between the time of contact and the
type of eluent solution.

The average percentage of desorption in relation
to the final quantity of Cu (II) adsorbed by C. cladospori-
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Figure 2 — Adsorption kinetics of copper (20 mg L™ de CuS0,.5H,0)
for biomass of C. cladosporioides (A) O to 6 h and (B) from 8 to
120 h. The graph on kinetics was divided in two because of the
lack of adjustment when plotted as a single graph.

Table 1 — Mean concentration* of desorbed copper using H,SO,,
HCI, EDTANa, and CaCl, as eluents.

Dessorbed copper

Contact time

H,S0, HCI EDTA CaCl,
hour mg L
2 1.94¢ 1.48° 1.51° 0.08¢
4 2.04¢ 1.63° 1.75¢ 0.122
6 2.03¢ 1.71° 1.83¢ 0.142
8 2.00¢ 1.80° 1.89¢e 0.172
10 2.05¢ 1.87° 1.99¢e 0.19:
CV (%) 5.91

*Values with the same letters in the row are not different (p < 0.05; Tukey's
test). H,SO,- sulfuric acid (0.1 mol L); HCI- hydrochloric acid (0.1 mol L),
EDTANa,- ethylenediaminetetraacetate disodium (0.1 mol L); CaCl,- calcium
chloride (0.1 mol L), CV- coefficient of variation.

oides was 43 %, 36 %, 38 % and 3 % for the eluents sulfu-
ric acid, hydrochloric acid, ethylenediaminetetraacetate
disodium and calcium chloride, respectively. Similar re-
sults regarding the use of inorganic acids for the desorp-
tion of metals absorbed in biomasses were reported by
Chojnacka et al. (2005), who compared the 0.1 mol L
of the eluents EDTA-Na, and HNO,, in the desorption
of cadmium (II), chrome (III) and Cu (II) absorbed in
alga Spirulina sp. They found the solution of HNO, that
removed almost all of the linked metallic ions with the
biomass (98 %), and it did not cause loss of the biosorp-
tion capacity.
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At all evaluated contact times, calcium chloride
caused lower desorption of Cu (II) adsorbed in biomass
of C. cladosporioides. This same eluent (in the same con-
centration and at pH = 3.0, adjusted with HCI) was used
in the study by Vijayaraghavan et al. (2005), which ex-
amined the regeneration of the alga, Ulvaretigulata, after
adsorption of Cu (II), and found that it is efficient in
three cycles of sorption-desorption. It is likely that the
HCI acidification favored the potential desorption of cal-
cium chloride.

Until 6 h of contact, the highest average concentra-
tion of Cu (II) desorbed was observed with sulfuric acid.
Between 8 and 10 h, ethylenediaminetetraacetate diso-
dium had similar results to both sulfuric acid and hydro-
chloric acid. Treatment with hydrochloric acid should
be avoided when reusing biomass in cycles of sorption/
desorption because this eluent may affect polysaccha-
ride ion exchange and structure.

The behavior of the Cu (II) concentration desorbed
as a function of the contact time for the four eluents is
shown in Figure 3 (A, B, C and D). Hydrochloric acid
and calcium chloride responded linearly, while ethyl-
enediaminetetraacetate disodium had a quadratic rela-
tionship (p < 0.01). There was no difference observed
with sulfuric acid (p > 0.05, Figure 2A), suggesting that
there was no variation in the concentration of Cu (II)
desorbed relative to the times of contact assessed. The
values desorbed concentrations of some metals in dif-
ferent biomasses are above those found in the present
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study (Table 2). However, there is a lack of published
information in the literature of any test using desorption
C. cladosporioides nor the viability of this microorganism
after desorption.

Viability of C. cladosporioidesafter desorption: the
visual comparison of the growth of C. cladosporioides af-
ter desorption for 10 h in the eluent solutions showed
similar growth with 0.1 mol L sulfuric acid and no
chemical treatment. All the other eluent solutions in-
hibited the growth of the C. cladosporioides for up to 12
days of incubation. The preservation of the capacity for
biosorption of biomass is as important as the capacity
desorbed in the choice of the eluent (Chu et al., 1997);
0.1 mol L sulfuric acid is the most effective for both of
these.

Table 2 — Desorbed copper from biomasses.

Desorbed

Biomass Eluent Copper References

0.1 mol L %
Fycnoporus Hel 95 Zulfadhly et al. (2001)
sanguineus
Penicillium ) i
simplicissimum HCI 98 Xiao-Ming et al. (2008)
Phormidiumciano
bacteria HCI 100 Blanco et al. (1999)
Blue-green algae EDTA 53 )
Spirulina sp. HNO, 98 Chojnacka et al. (2005)
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Figure 3 — Variation in the concentration of copper desorbed at different times with the following eluents: (A) sulfuric acid, (B) hydrochloric acid,

(C) ethylenediaminetetraacetate disodium and (D) calcium chloride.
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Recovery of Cu (II) desorbed in the form of copper
sulfate hydrous: after the process of sorption-desorp-
tion using C. cladosporioides, 900 mL solution of 0.1 mol
L-! sulfuric acid, containing 2.02 mg L! of Cu (II), were
obtained. In order to recover this metal for the prepara-
tion of the solution designed to study the adsorption and
desorption process of CuSO,, the 900 mL volume was re-
duced to 100 mL with an electric heating plate, resulting
in a concentration of 14.05 mg L' of Cu (II) (correspond-
ing to a mass of 1.405 mg of Cu II). Thioacetamide (5 mL
of solution 3 % w/v) was used as a sulfur source for the
precipitation of Cu (II) in the form of CuS. After precipi-
tation, the precipitate was dried on an electric plate at
60 °C, resulting in a mass of 1.8 mg of CuS, which after
oxidation with 2 mL of concentrated hydrogen peroxide
and drying on an electric plate (60 °C), resulted in 4.9
mg of a solid blue precipitate (CuSO,). The 4.9 mg mass
of CuSO, was diluted in up to 1000 mL of distilled water,
resulting in a concentration of 1.15 mg L' of Cu (II). As
such, there was a recovery of approximately 63.3 % of
the desorbed Cu (II) in the form of copper sulfate.

Conclusions

C. cladosporioides can efficiently adsorb Cu (II). 0.1
mol L sulfuric acid was viable and the most efficient
in desorbing the absorbed metal, while ensuring viabil-
ity of the in C. cladosporioides after desorption, which
is important for the reuse of the biomass in cycles of
sorption-desorption.
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