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Zn(II) biosorption properties of Botrytis cinerea biomass
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Abstract

The study was aimed of determining the Zn(II) sorption performance of Botrytis cinerea (B. cinerea) biomass as a new biosorbent. Heat inactivated
biomass was used in the determination of optimum conditions. The rate and extent of accumulation were effected by pH, contact time and initial
zinc ion concentrations. The uptake capacity of B. cinerea was increased by chemical and physical pretreatment of the cells when compared with
the native biomass. The maximum removal of Zn(II) at pH 5.0–6.0 was found to be 12.98 ± 0.9623 mg g−1 at initial Zn(II) ion concentration of
100 mg l−1 by heat inactivated biomass. Freundlich and Langmuir isotherm models were used to evaluate the data and regression constants were
derived. The biosorbent was regenerated using 10 mM HCl solution, with up to 98% recovery and reused five times in biosorption–desorption cycles
successivelly. Competitive biosorption experiments were performed with zinc in the presence of copper, cadmium and nickel ions simultaneously.
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he nature of the possible cell–metal ions interactions was also evaluated by chemical and instrumental analysis including infrared spectroscopy,
canning electron microscopy and X-ray energy dispersion analysis.

2005 Elsevier B.V. All rights reserved.
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. Introduction

The high degree of industrialization and urbanization have
esulted in environmental pollution [1–3]. The presence of heavy
etals in the environment is of major concern because of their

xtreme toxicity and tendency for bioaccumulation in the food
hain even in relatively low concentrations [4–6]. Heavy metals
ollute the environment from various industries such as metal
lating, electroplating, mining, ceramic, batteries, pigment man-
facturing [7,8].

In 1978, the United States Environmental Protection Agency
USEPA) prepared a list of organic and inorganic pollutants
hich found in wastewater and constitute serious health haz-

rds. The following 13 metals found in this list are antimony,
rsenic, beryllium, cadmium, chromium, copper, lead, mercury,
ickel, selenium, silver, thallium and zinc [9].

Zinc is one of the most important metals often found in
ffluents discharged from industries involved in acid mine
rainage, galvanising plants, natural ores and munipical wastew-
ter treatment plants and not biodegradable and travels through

the food chain via bioaccumulation. Therefore there is signifi-
cant interest regarding zinc removal from wastewaters [10] and
its toxicity for humans at levels of 100–500 mg day−1 [11].
World Health Organization (WHO) recommended the maximum
acceptable concentration of zinc in drinking water as 5.0 mg l−1

[6].
Removal of heavy metals from aqueous solutions by biosorp-

tion plays an important role in water pollution control [12].
Biosorption can be defined as the ability of biological materials
to accumulate heavy metals through metabolically mediated or
physico-chemical pathways of uptake [10]. It has been showed
that heavy metals can be removed by inexpensive biological
materials such as fungi, bacteria and algae [13–16]. Biosorption
is a rapid, reversible, economical and ecofriendly technology in
contrast to traditional methods used for removal of heavy metals
from aqueous streams such as chemical precipitation and reverse
osmosis [17,18].

The present work investigates the potential use of pretreated
and untreated Botrytis cinerea biomass as metal sorbent for zinc
from aqueous solutions. B. cinerea was chosen as a biosorbent
because of the relative lack of information about its sorption abil-
∗ Corresponding author. Tel.: +90 222 2393750/2366; fax: +90 222 2393578.
E-mail address: stunali@ogu.edu.tr (S. Tunali).

ity. Environmental parameters affecting the biosorption process
such as pH, contact time and initial metal ion concentration.
The equilibrium adsorption data evaluated by Freundlich and
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Langmuir isotherm models. Desorption studies and reusabil-
ity of biosorbent were carried out in addition to competitive
biosorption of Zn(II) in the presence of Cu(II), Cd(II) and Ni(II)
simultaneously. The role played by the functional groups present
in the biomass in sorption was also determined by FTIR, SEM
and EDAX analysis.

2. Materials and methods

2.1. Microorganism and growth conditions

The strain used in this study was B. cinerea (AHU 9424),
a pure culture, obtained from Faculty of Pharmacy of Anadolu
University, Eskişehir, Turkey. The cultures were routinely main-
tained at 4 ◦C on agar-potato dextrose agar slants [19]. The pH
of the liquid growth medium [20] was adjusted to 5.5 by the
addition of 1N HNO3 before autoclaving at 121 ◦C for at least
20 min. Erlenmeyer flasks containing the above media (100 ml)
were innoculated with spore suspension (1 ml) obtained shak-
ing sterile water (10 ml) with a mature slope of B. cinerea under
sterile conditions. Growth was allowed to proceed for 7 days at
25 ◦C on a rotary shaker operating at 120 rpm. After the fungal
growth, the biomass and the culture medium were separated by
filtration and the resulting biomass was washed several times
thoroughly with distilled water. The biomass obtained will be
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2.4. Batch biosorption studies

All batch experiments were carried out with biosorbent sam-
ples (0.1 g) at 25 ◦C in erlenmeyer flasks (250 ml) on an orbital
shaker operating at 120 rpm to elucidate the optimum conditions
(pH, contact time and initial metal ion concentration) using heat
inactivated biomass.

The effect of pH on biosorption capacity of B. cinerea was
determined by equilibrating the biosorption mixture containing
heat inactivated biomass (0.1 g) and metal solutions (50 ml of
100 mg l−1 solution) at different pH values (1–7). The period of
contact time was varied up to 135 min determined by using the
same sorption mixture described above. For the assessment of
effect of initial metal ion concentration on biosorption at opti-
mum pH and contact time, the concentration of Zn(II) ranging
from 5 to 300 mg l−1 were prepared and used. Their contents
were centrifuged at 4500 rpm for 5 min and the supernatant was
analysed for residual metal ion concentration.

Competitive biosorption of Zn(II) in the presence of Cu(II),
Cd(II) and Ni(II) was also investigated using heat inactivated
biomass. The medium containing 100 mg l−1 of each metal ion
was incubated with 0.1 g of biosorbent at pH 5.0–6.0 for 30 min.

2.5. Desorption and reuse studies

Different mineral acids revealed a metal elution efficiency
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eferred as native biomass in the text.

.2. Metal solutions

A stock solution of Zn(II) used in this study was prepared
y dissolving an accurate quantity of ZnSO4·6H2O in deion-
zed water. Other concentrations prepared from stock solu-
ion by dilution varied between 5 and 300 mg l−1 and the pH
f the working solutions was adjusted to desired values with
.1 M HCl and 0.1 M NaOH. Fresh dilutions were used for
ach experiments. All the chemicals used were of analytical
rade.

.3. Pretreatment of biomass

An amount of live biomass (20 g wet weight) was subjected
o pretreatment in an effort to study the effect of pretreatment on
n(II) uptake capacity of fungal biomass. The live biosorbent
as autoclaved for 15 min at 121 ◦C and 18 psi (referred as heat

nactivated biomass), boiled for 15 min in 500 ml of 0.5N NaOH,
ommercial laundry detergent solution prepared by dissolving
.5 g of the laundry detergent in water and 10% (v/v) AcOH solu-
ions [21]. Following the desired pretreatment, biomass were
ollected by centrifugation and washed with deionized water
ntil the pH of the washing solution was close to neutral range
pH 6.9–7.1). All the pretreated biomass were then spread on
etri dishes and dried in an oven at 60 ◦C for 15 h. They were
owdered using a mortar and pestle and sieved to select parti-
les 150 �m for use as a biosorbent. For the untreated control
ample, living mycelium of B. cinerea was directly used in the
xperiments.
lose to 100%. In this work heat inactivated biomass were
ubjected to 10 mM HCl solution in order to determine the
eusability of heat inactivated B. cinerea biomass. Consecu-
ive biosorption–desorption cycles were repeated five times
sing the same biosorbent. For this purpose 0.1 g of biosor-
ent was contacted with 50 ml Zn(II) solution (100 mg l−1).
fter the adsorption process, the bound zinc ions were eluted.
ach biosorption and desorption cycle were allowed 30 min
f contact time in solutions containing biosorbent-zinc ions or
iosorbent-desorbent agent for achieving sorption or desorption
quilibrium. The final Zn(II) ion concentrations of the solutions
ere determined by using the procedure described below. The

luted biosorbent was washed repeatedly with bidistilled deion-
zed water to remove any residual desorbing solution and placed
nto metal solution for the next biosorption cycle. Desorption
fficiency was calculated by using following equation:

esorption efficiency = Amount of Zn(II) desorbed

Amount of Zn(II) adsorbed
× 100

.6. Metal analysis

The concentrations of unadsorbed Zn(II) in solutions were
etermined using flame atomic absorption spectrophotometer
Model 180-70, Hitachi, Japan) after the separation of biosor-
ent by centrifugation at 4500 rpm for 5 min. Zinc hallow
athode lamp was used. The spectral slit width and specific
urrent/wavelengths were 1.3 nm and 10 mA/213.8 nm, respec-
ively. The instrument response was periodically checked by
tandart metal solutions. The amount of adsorbed metal ions
qe) per gram of biomass was calculated using the general defi-
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nition:

qe = [(Ci − Cf)]V/M (1)

where qe is the amount of metal ions adsorbed on the biomass
at equilibrium (mg g−1), Ci the initial metal ion concentra-
tion in solution (mg l−1), Cf the final metal ion concentration
in solution (mg l−1), V the volume of the medium (l) and M
is the amount of the biomass used in the reaction mixture
(g).

2.7. Statistical analysis

All the experiments were carried out in triplicate and data
presented are the mean values from these independent experi-
ments. Standard deviation and error bars are indicated wherever
necessary. All statistical analysis was done using SPSS 9.05
for Windows where it is possible to evaluate whether the effect
and the interaction among the investigated factors are significant
with respect to the experimental error.

2.8. FTIR, SEM and EDAX studies

The chemical characteristics of heat inactivated B. cinerea
biomass before and after Zn(II) sorption were analysed and
interpreted by FTIR spectroscopy. The spectra were recorded
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Fig. 1. Effect of pH on Zn(II) ion removal by heat inactivated biomass of B.
cinerea. Initial Zn(II) ion concentration = 100 mg l−1 and the biosorbent con-
centration = 2 g l−1. The bars represent the standard error of the mean.

more competitive against to bind the sites which increases the
biosorption [25].

Batch equilibrium studies were carried out with different ini-
tial pH values ranging from 1.0 to 7.0 in order to investigate
the effect of pH on the biosorption capacity of B. cinerea for
Zn(II). The results presented in Fig. 1 showed that the maxi-
mum uptake of Zn(II) was observed at pH 5.0–6.0. Under highly
acidic conditions (pH 1–3) no biosorption was occured. The
difference in biosorption capacity was found to be statistically
significant at pH values between 1.0 and 5.0 comparing with pH
5.0 (p < 0.05). At pH 5.0–7.0 biosorption capacity did not dif-
fer significantly from pH 5.0 (p > 0.05). Maximum biosorption
capacity of 12.98 ± 0.9623 mg g−1 for Zn(II) was reached for pH
5.0–6.0. Similar results have been reported by other researchers
(Table 1).

3.2. Effect of biosorption time

Fig. 2 shows the explained biosorption time of Zn(II) by B.
cinerea from solutions containing 100 mg l−1 of Zn(II) ions. As
seen in this figure the biosorption equilibrium was established
in 30 min for Zn(II). This suggested that the biosorption pro-
cess is quite fast. After this equilibrium period the amount of
biosorbed metal ions did not change significantly with contact
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n a Bruker Tensor 27 Fourier transform infrared spectrometer
ith the samples prepared as KBr discs.
The surface structure of biosorbent was analysed by scanning

lectron microscopy (SEM) coupled with energy dispersive X-
ay analysis (EDAX) using JEOL 560 LV SEM at 20 keV with
ackground substraction and a summation of 60 scans. Unloaded
nd zinc-loaded heat inactivated B. cinerea biomass samples
ere mounted on a stainless steel stab with a double-stick tape

ollowed by coating with a thin layer of gold under vacuum to
ncrease the electron conduction and to improve the quality of
he micrographs.

. Results and discussion

.1. Effect of pH on the biosorption capacity

Biosorption of heavy metal ions onto the surface of the
icroorganism is affected by initial pH of the biosorption
edium [22]. Metal ion uptake is generally suppressed by

ncreasing H+ concentration, although exceptions exist [23]. The
H dependence of metal uptake is due to solubility of metals and
he ionization state of the various functional groups (carboxylate,
hosphate and amino groups) on fungal cell walls. This func-
ional groups carry negative charges that allow the functional
ell wall components to be potential binding sites for cations
24]. Since high proton concentration at lower pH, heavy metal
ptake was decreased because of the positive charge density on
etal binding sites. Namely hydrogen ions effectively compete
ith metal ions to bind the sites. The negative charge density on

he cell surface increases with increasing in pH due to deproto-
ation of the metal binding sites. The metal ions then become
ig. 2. Biosorption capacity of Zn(II) on heat inactivated biomass of B.
inerea. Initial Zn(II) ion concentration = 100 mg l−1, the biosorbent concen-
ration = 2 g l−1 and pH 5.0–6.0. The bars represent the standard error of the
ean.
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Table 1
Biosorption results of zinc ions from the literature by various biosorbents and operating conditions

Biosorbent material Operating conditions

Biosorption capacity (mg g−1) pH T (◦C) Initial concentration
range (mg l−1)

Biomass (g l−1) References

Activated carbon 31.11 4.5 25 1–1000 4.0 [6]
Streptoverticillium cinnamoneum 21.3 5.5 28 50–1000 2.0 [8]
Fontinalis antipyretica 12 ± 1a 5.0 5 100 2.0 [12]
Aspergillus niger 405 4.70 5.0 25 10 10.0 [18]
Penicillium digitatum 9.7 5.5 25 25 7.0 [23]
Streptomyces noursei 1.6 5.8 30 0.6–65 3.5 [28]
Mucor rouxii (live) 4.89 5.0 n.a. 10 n.a. [31]
Mucor rouxii (NaOH pretreated) 5.63 5.0 n.a. 10 n.a. [31]
Mucor rouxii (Na2CO3 pretreated) 3.26 5.0 n.a. 10 n.a. [31]
Mucor rouxii (NaHCO3 pretreated) 6.28 5.0 n.a. 10 n.a. [31]
Pseudomonas syringae 8.0 n.a. 22 0–13 0.28 [35]
Rhizopus arrhizus 13.5 6–7 n.a. 10–600 3.0 [36]
Phanerochaete chrysosporiumb 39.0 7.0 25 30–600 n.a. [37]
Azolla filiculoides 45.2 6.0 18 1000 4.0 [38]
Citrobacter strain MCMB-181 23.62 6.5 25 6.58–115 2.0 [39]
Sargassum sp. 24.35 4.5 30 98 4.0 [40]
Bark of Pinus sylvetris 43.5 6.1 n.a. 1045 10.0 [41]
Peat 11.2 4.7 25 587 50.0 [42]
Animal bones 11.55 5.0 20 15–79 4.0 [43]
Botrytis cinerea (heat inactivated) 12.98 ± 0.9623a 5.0–6.0 25 100 2.0 This study

n.a. = not available.
a Standard deviation of the mean.
b Ca-alginate immobilized.

time (p > 0.05) and it is thus fixed as the optimum contact time.
This trend for metal ions in binding suggests that the binding
may take place through interactions with functional groups on
the surface of the biosorbent [26].

3.3. Effect of initial Zn(II) ion concentration

The biosorption experiments with heat inactivated B. cinerea
biomass were conducted using metal ion solutions ranging from
5 to 300 mg l−1 at pH 5.0–6.0. The biomass exhibited quite
fast metal loading capacity for Zn(II) in the first 30 min, which
was found as 12.98 ± 0.9623 mg Zn(II) g−1 biomass at the ini-
tial concentration of 100 mg l−1. Then the biosorption capacity
reached a saturation value and did not change further with ini-
tial metal ion concentration (p > 0.05) (Fig. 3). The observed
enhancement of metal uptake could be due to an increase in
electrostatic interactions (relative to covalent interactions) which
involve sites of progressively lower affinity for metal ions [27].
The results obtained from this study were found to be compara-
ble with many of the reported literature values (Table 1).

3.4. Analysis of adsorption isotherms

Analysis of the obtained equilibrium data is essential to
develop an equation which precisely represents the results and
c
a
a
t

The Freundlich model is based on the relationship between
the metal uptake capacity “qe” (mg g−1) of biomass and the
residual (equilibrium) metal ion concentration “Ce” (mg l−1).
The general Freundlich equation is as follow:

qe = kC1/n
e (2)

and linearized form of this model is

ln qe = ln k + 1/n ln Ce (3)

where intercept ln k (ln Kf) is a measure of adsorption capac-
ity and the slope 1/n is the intensity of adsorption.The general

F
v
a

an be used for design purposes. There are two widely accepted
nd easily linearized adsorption isotherm models, Freundlich
nd Langmuir models, commonly used in the literature. These
wo isotherm equations tested in the present study.
ig. 3. Effect of initial metal ion concentration on Zn(II) removal by heat inacti-
ated biomass of B. cinerea. The biosorbent concentration = 2 g l−1, pH 5.0–6.0
nd contact time = 30 min. The bars represent the standard error of the mean.
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Fig. 4. Langmuir adsorption isotherm of Zn(II) ions on the heat inactivated
biomass of B. cinerea.

Fig. 5. Freundlich adsorption isotherm of Zn(II) ions on the heat inactivated
biomass of B. cinerea.

Langmuir equation is commonly presented as:

qe = Q0bCe

1 + bCe
(4)

and the equation may be linearized as follow:

Ce

qe
= 1

Q0b
+ Ce

Q0
(5)

where qe is the amount of metal ion removed (mg g−1), Ce
the equilibrium concentration (mg l−1), Q0 and b are the Lang-
muir constants related to adsorption capacity and adsorption
energy, respectively. The Langmuir and Freundlich constants,
along with the regression coefficients have been calculated from
the corresponding plots (Figs. 4 and 5) for biosorption of Zn(II)
on the biosorbent and the results are presented in Table 2. Lang-

Fig. 6. Effect of pretreatments on the Zn(II) uptake of B. cinerea (1: live biomass;
2: heat inactivated biomass; 3: detergent pretreated biomass; 4: sodium hydrox-
ide pretreated biomass; 5: acetic acid pretreated biomass). Initial Zn(II) ion
concentration = 100 mg l−1, the biosorbent concentration = 2 g l−1, pH 5.0–6.0
and contact time = 30 min. The bars represent the standard error of the mean.

muir model seemed to define the experimental data obtained
from this study well with the regression coefficient (R2) value of
0.9488. Small b value (0.1682) indicated that Zn(II) ions were
binded strongly to heat inactivated fungal biomass. Therefore
biosorption process in this study may be interpreted as mono-
layer adsorption. According to Langmuir model, sorption occurs
uniformly on the active sites of the sorbent, and once a sorbate
occupies a site, no further sorption can take place at this site
[28].

3.5. Effect of biomass pretreatments on Zn(II) sorption

The metal adsorbing capacity of dead cells may be greater,
equivalent to, or less than that of living cells. This depends on
various factors which include the fungus under consideration,
pretreatment method used and type of metal ions being studied.
The use of dead or pretreated cells offers some advantages over
the corresponding live cells such as no limitations for toxicity,
no requirement for growth media and nutritients, easily desorp-
tion of biosorbed metal ions and reusability of biomass as well
as usability of dead biomass in traditional adsorption models
[29,30].

In order to investigate the influence of different pretreat-
ments on Zn(II) uptake of B. cinerea cells, the cells were treated
with heat, sodium hydroxide, detergent and acetic acid. Data
o
i
c
t
c

Table 2
Isotherm model constants and regression coefficients for biosorption of Zn(II) ions b

Experimental, qe (mg g−1) Langmuir constant

Q0 (mg g−1) b (l mg−1)

12.98 ± 0.9623a 15.26 0.1682

a Standard deviation of the mean.
btained from pretreatment experiments in this study (see Fig. 6)
ndicated that all pretreatment methods altered the adsorption
apacity of B. cinerea biomass which ranged from 1.75 ± 0.4590
o 12.98 ± 0.9623 mg g−1 biomass at 100 mg l−1 initial con-
entration of Zn(II) when compared with the native biomass.

y B. cinerea from aqueous solution

Freundlich constant

R2 Kf n R2

0.9488 1.13 2.17 0.7999
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The highest Zn(II) loading value (12.98 ± 0.9623 mg g−1) was
obtained by heat inactivated biomass. This was followed by
detergent and sodium hydroxide treatments which increased
the uptake of Zn(II) from 2.18 ± 0.6245 to 6.38 ± 0.6520 and
4.14 ± 1.0678 mg g−1, respectively. In a study by Galun et
al. [23] Penicillium biomass pretreated at 100 ◦C for 5 min
increased the biosorption Zn(II), Ni(II), Cu(II), Cd(II) and Pb(II)
and the increase was attributed to the activation of the latent
binding sites after pretreatment.

A small increase observed by alkali pretreatment on biosorp-
tion could be explained by the fact that autolytic enzymes could
be destroyed. This may not only cause putrefaction of biomass
but also remove lipids and proteins that mask binding sites,
causing the release of certain biopolymers from the cell wall
that have a high affinity towards heavy metal ions [31]. Luef
et al. [32] explained the increase observed in zinc uptake by
Aspergillus niger after sodium hydroxide treatment by suggest-
ing that the removal of certain polysaccharides from the cell
wall after alkali pretreatment generates more accessible spaces
within the �-glucan chitin skeleton, allowing more zinc ions
to be sequestered by this structure. An increase observed by
detergent pretreatment on biosorption could be explained in the
similar ways as described above since commercial detergents
contain alkalies which may cause similar effects as the alkali
pretreatment.
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F
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Fig. 8. Infrared spectra of heat inactivated B. cinerea biomass: (a) unloaded and
(b) Zn(II) loaded biomass.

protons in acidic solutions to bind the binding sites of the
biomass. The difference in results after a specific pretreatment
could be due to the different strains of fungi, type of metal ion
and the form of biomass, such as live and dead, when it is used
in biosorption process.

3.6. Desorption and reuse

The regeneration of the biosorbent is one of the key fac-
tors in assessing their potential for commercial application. The
The effect of acid pretreatments on the biosorption ability of
rganisms varies from high to none depending on the type of
icroorganisms used and the type of heavy metal ions studied.
apoor and Viraraghavan [21] reported that acid pretreatment
ecreased the biosorption capacity of A. niger for cadmium and
ickel whereas Huang and Huang [33] indicated that acid pre-
reatment increased the biosorption capacity of A. oryzae. They
lso reported that acid pretreatment caused no change in the
iosorption capacity of Rhizopus oryzae. A similar observation
as made in the studies on the biosorption of nickel and cop-
er ions by Pseudomans aeruginosa and Penicillium biomass
uspended in acidic solutions [23,34].

In this study acetic acid pretreatment reduced the Zn(II)
oading capacity of the biomass from 2.18 ± 0.6245 to
.75 ± 0.4590 mg g−1. This is because metal ions compete with

ig. 7. Adsorption–desorption cycles for heat inactivated B. cinerea biomass.
he bars represent the standard error of the mean.
 Fig. 9. Typical SEM micrograph of heat inactivated B. cinerea.
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desorption of adsorbed Zn(II) ions was studied with the form
having the highest biosorption capacity, i.e. heat inactivated B.
cinerea. HCl (10 mM) solution was used as a desorption agent.
Higher than 97% of the adsorbed lead ions were desorbed from
the biosorbent. The reusability of the biosorbent was tested in
five consecutive adsorption–desorption cycles using the same
preparation (see Fig. 7). The adsorption efficiency of biomass
for Zn(II) did not change significantly and only a maximum 11%
decrease was observed after five cycles. These results indicated
that the heat inactivated B. cinerea biomass offers potential to be
used repeatedly in zinc adsorption studies without any detectable
loss in the total adsorption capacity.

3.7. Competitive biosorption

Competitive biosorption of Zn(II) in the presence of Cu(II),
Cd(II) and Ni(II) ions on heat inactivated B. cinerea biomass
was conducted in the solution containing these four metal ions
simultaneously. The results indicated that the biosorption capac-
ity of the biomass for Zn(II) decreased with the presence of the
competing metal ions when compared with that of noncompet-
itive conditions. The highest Zn(II) loading capacity was found
to be 8.16 ± 0.6482 mg g−1 at 100 mg l−1 initial concentration
under competitive conditions.

Fig. 10. Typical SEM micrograph of heat inactivated B. cinerea (Zn(II) loaded).

3.8. FTIR spectral analysis

The FTIR spectra of dried and zinc loaded B. cinerea biomass
in the range of 400–4000 cm−1 were taken to obtain information
on the nature of the possible cell–metal ions interactions and pre-
sented in Fig. 8. The FTIR spectroscopic analysis of zinc loaded
biosorbent of B. cinerea indicated intensity decrease and shifted
strong asymetrical stretching bands at 3369 cm−1 (indicative of

f heat inactivated B. cinerea.
Fig. 11. EDAX spectra o
Fig. 12. EDAX spectra of heat inactiv
ated B. cinerea (Zn(II) loaded).
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–OH and –NH groups) when compared with that of unloaded
biomass which showed the same absorption at 3359 cm−1. The
similar band shift was observed for the double bands of the car-
boxylate ion (from 1660 and 1416 to 1659 and 1382 cm−1) with a
difference of 1 and 34 cm−1, respectively in addition to intensity
decrease of 1416 cm−1. These observations could indicate the
involvement of these functional groups in the biosorption pro-
cess. There was also clear disappearence of the band at 771 cm−1

possibly belonging to mono substituted aromatic protons of the
biosorbent showing possibly involvement of aromatic amino
acids in biosorption. Finally, it should be noted that peaks in
the region of lower wavenumbers (under 700 cm−1) appeared
as a broad singlet after zinc biosorption in comparison with that
of unloaded dried biomass which contained multiply absorption
peaks. This could be attributed to an interaction between Zn(II)
ions and N-containing bioligands.

3.9. SEM and EDAX analysis

SEM micrographs and EDAX spectra obtained before
and after Zn(II) biosorption onto heat inactivated B. cinerea
biomass are presented in Figs. 9–12, respectively. These micro-
graphs indicated the presence of new particles over the sur-
face of zinc-loaded heat inactivated B. cinerea cells. This
observation was confirmed by EDAX analysis which revealed
Zn(II) signals together with the presence of gold peaks in all
s
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Turkey for laboratory facilities, SEM/EDAX studies, respec-
tively.
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