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Biosorptive treatment of contaminated solutions with different biomaterials has been
extensively studied in recent years. However, application of the suggested biosorbents in
industrial scale has been very limited so far. Real wastewater conditions play an important
role in the commercial success of the biosorption process. This study describes the potential
use of Thamnidium elegans (T. elegans) cells for the biosorptive treatment of real indus-
trial wastewater. Biosorption mechanism was characterized by zeta potential, Brunauer,
Emmett and Teller (BET), Infrared (IR) spectrometry, Atomic force microscopy (AFM) and
elemental analysis. A quadratic model was built for the batch process and optimum val-
ues of variables were recorded as pH 2.0, biosorbent amount: 0.06 g and contact time:
39.3min with the removal yield of 99.42%. Isotherm studies indicated that the process fol-
lows the Langmuir model. Relatively fast decolorization (40 min) process was well described
by the pseudo-second-order kinetics. Conversely, the biosorbent exhibited high biosorp-
tion efficiency (97.55%) in continuous mode. In addition to high batch biosorption capacity
(288.08 mgg!) of the biosorbent, another impressive aspect of this study, even after ten
regeneration cycles, is high biosorption yield (95%). Consequently, T. elegans cells showed
great potential for the treatment of colored real wastewaters.

© 2016 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

1. Introduction

Recent investigations related to environmental technology have
focused on the use of biosorption method for decolorization of con-
taminated aquatic media (Tunali Akar et al., 2011; Akar et al., 2016; Lee

In recent years, the removal of synthetic dyes from contaminated
aquatic media hasreceived great attention in the field of environmental
studies. They are toxic for living organisms, cause to aesthetic prob-
lem in water sources and have negative effects on bacterial growth
and photosynthetic activities of aquatic plants (Allen and Koumanova,
2005). The degradation of dye molecules in the contaminated media
is very difficult because of their complex and stable molecular struc-
ture. Besides, reductive cleavage of azo linkages in the dye structure
can produce toxic and carcinogenic amine compounds (Solis et al.,
2012). Therefore, environmentally friendly and economical treatment
methods are required for the removal of synthetic dyes from industrial
effluents and other contaminated waters.

etal., 2016; Fontana et al., 2016; Fernandez et al., 2012; Daneshvar et al.,
2017; Nath et al., 2016). This physicochemical technology generally uti-
lizes non-living cells of biomaterials such as fungi, algae and bacteria to
sequester synthetic dyes and other water contaminants. Chitin, glucan,
protein, mannan, melanine and lipid fractions of the microbial cells can
provide potential binding sites for pollutants (Fomina and Gadd, 2014).

The cost of the biosorbent materials used in the biosorptive
treatment of contaminated waters is competitive with that of the
conventional sorbents. In this process, biosorbent can be produced
by unsophisticated fermentation techniques in addition to evalua-
tion of the by-products of large-scale fermentations such as enzyme
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and pharmaceutical production (Kuyucak, 1990). The efficiency of the
biosorptive decolorization process depends on various factors such as
solution pH, biomaterial dosage and time. The interactive effects of
considered process variables on the biosorption process are not eval-
uated with the classical optimization approach which based on “ovat
(one-variable-a-time)” approach. On the other hand, the application
of the statistical experimental design based on the response surface
methodology (RSM) to biosorption process allowed to systematic, effi-
cient and simultaneous analysis of control variables (Hasan et al., 2009).
Although large number of decolorization studies have been car-
ried out with synthetic dye solutions, the other organic and inorganic
species present in industrial wastewater medium can significantly
effect the biosorption performance of biomaterials. In order to transfer
the findings from laboratory scale to real applications there is a need
to generate relative performance data on real industrial wastewater
conditions. The current biosorption applications are still insufficient
to cover the problem of the pollutant removal from real industrial
wastewaters (Vijayaraghavan and Yun, 2008a; Tigini et al., 2011).
Organic pollutants such as synthetic dyes can be effectively
removed by adsorption onto activated carbon. But relatively high oper-
ation cost restricts its large-scale application. Therefore, different
low-cost sorbent materials have been examined for the treatment of
wastewater. A zygomycete strain Thamnidium elegans (T. elegans) can
produce substantial amount of biomass in unsophisticated liquid cul-
ture medium. So it can be used as adsorbent instead of commercial
activated carbon. y-Linolenic acid production in solid state fermenta-
tion conditions (Stredansky et al., 2000), bioconversions of rapamycin
(Kuhnt et al., 1997) and waste glycerol (Chatzifragkou et al., 2011), are
reported applications of this fungal strain. Although our recent findings
based on the classical optimization method indicated that T. elegans
cells have a great biodecolorization potential (Akar et al., 2013a,b), the
batch mode biosorption characteristics of T. elegans cells for a pollu-
tant based on the statistical experimental design methodology and its
real wastewater treatment potential were examined for the first time.
Hence, the goal of the present study was to suggest an efficient bioma-
terial for the treatment of the real industrial wastewater and to improve
the performance of the decolorization process by T. elegans. Response
surface methodology (RSM) was firstly employed using Box Behnken
surface design to identify the interactive and individual effects of Reac-
tive Yellow 2 (RY2) decolorization by T. elegans. In addition to systematic
variation of the parameters, process was modeled by isotherm and
kinetic approaches. Pollutant-biomass interactions in the process were
assisted by using BET, IR, AFM and elemental analysis. The regenerable
biomass was also effectively used in the dynamic flow treatment mode.

2. Materials and methods
2.1. Biosorbent

T. elegans (ATCC 18191) was grown and harvested according
to procedure reported in our previous studies (Akar et al,
2013a,b). Harvested biomass was repeatedly washed with
deionized water, dried at 60 °C overnight, ground and sieved to
particle size of 212 pm. Obtained biomass was kept in a dark
glass bottle for further use in the decolorization experiments.

2.2.  Dye solutions

RY2 (chemical formula: CpsH1gCl3Ng0O19S3-3N@; Amax: 396 nm)
was selected as model sorbate in real wastewater. Biosorption
experiments were performed using real wastewater obtained
from a wastewater treatment plant in organized industrial
area of Eskisehir (Turkey). The chemical composition of the
wastewater was analyzed by AAS (Perkin Elmer Analyst 400)
and ion chromatography equipment (Dionex ICS-3000). The
concentrations of calcium (Ca?*), magnesium (Mg?*), sodium
(Na*), potassium (K*), copper (Cu?*), manganese (Mn?*),
chloride (Cl7), sulfate (SO42-), nitrate (NO3~), fluoride (F-),

Feed wastewater

...... » Pyrex glass column

----- » Glass wool

-» T elegans

Tygon tubing

Peristaltic pump Treated wastewater

Scheme 1 - Column mode experiments for the biosorption
of RY2 onto T. elegans.

bromide (Br~) and phosphate (PO43-) ions were 162.46, 44.01,
863.50, 21.19, 0.10, 0.15, 87.55, 381.75, 1306.35, 0.58, 0.35 and
2.13mgL~, respectively. Chemical oxygen demand (COD) of
the wastewater was measured as 828.0mgL~1.

A series of working solutions at various concentration
range were prepared by diluting a stock solution with a con-
centration of 1000mgL~1. pH of the working solutions was
measured by a pH meter (WTW Inolab 7110) and adjusted to
desired values using dilute HNO3 or NaOH solutions.

2.3.  Biosorption experiments

The biosorption performance of the biosorbent in this study
was tested in both batch and column modes. The batch mode
biosorption studies were conducted by stirring known amount
of biosorbent material with 25mL of dye solution by varying
PH, biosorbent amount, contact time and initial RY2 concen-
tration. The effects of these parameters on the biosorption
yield of the biosorbent were investigated. After the biosorp-
tion, the biosorbent was separated from the liquid phase by
centrifugation and the residual concentration of dye in the
supernatant was determined by an UV/vis spectrophotometer
(Shimadzu UV-2550).

Column biosorption studies were carried out using packed
bed glass columns with 9mm internal diameter (i.d.). Sor-
bate was passed through the column with a peristaltic pump
(Ismatec ecoline) connected with tygon tubings (Scheme 1).
Flow rate of sorbate was optimized by changing the flow
rate from 0.25 to 2.00 mL. min~!. These experiments were con-
ducted using 100 mgL~! dye solutions and 40 mg of biosorbent.
Desorption potential of the biosorbent and the breakthrough
profile were also evaluated to test the biosorption performance
of the biosorbent in real conditions.

2.4. Characterization studies

2.4.1. BET surface area

BET surface area of the biosorbent was determined from N,
adsorption isotherm with a surface area and pore size analyzer
(Quantachrome Instruments, Autosorb 1).
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2.4.2. IR analysis

In order to identify the functional groups present on the
biosorbent surface, IR spectroscopic analysis was used. There-
fore, IR spectra were recorded in the wavenumber range of
4000-400 cm~! using Bruker Tensor 27 FTIR spectrophotome-
ter.

2.4.3. AFM analysis

Atomic Force Microscope (AFM) analysis was used for
topographical investigation of biomaterial. Specimens were
suspended in sterile distilled water, fixed on a thin glass plate
and dried in air at 25°C. The surface of biomaterials was
viewed using Park Systems XE-100-E AFM. Imaging was carried
out using non-contact imaging mode, at 300kHz frequency
and 0.9Hz scan rate in air at room temperature. The spring
constant of silicon cantilever was 40 N/m.

2.5. RSM and statistical analysis

The objective of RSM is to develop an emprical model for
designing experiments and to optimize the responses influ-
enced by various factors (Chaudhary and Balomajumder,
2014; Fakhri, 2015; Murugesan et al., 2014). In this study
Box-Behnken design (BBD) of RSM was selected to design and
to analyze the experimental results using Design Expert 7.0
software version. The effects of three variables mainly pH (x1),
biosorbent amount (xz) and contact time (x3) on one response
(biosorption yield, %) were studied and the variable levels are
given in SM1.

In this study, required numbers of the experiment were
calculated as follows:

N = 2k«(k—1) + cp, 1)

where, k is the number of factor, cp is the replicate number
of the central point. A system with three independent vari-
ables (factors) (x1, X2, x3) and the response variable (Y) can be
represented by a quadratic equation;

Y = o + B1X1 + BaXa + B3X3 + Pr2X1X2 + P13X1X3 + f23X2X3

‘*‘ﬁllX% + 1322?‘% + 533"% )

where Y is the response variable (biosorption yield of RY?2),
Actual design matrix of total 17 biosorption experiments is

also presented in SM2. The fitting of the quadratic model was

determined by the coefficient of determination, R?.

2.6.  Biosorption kinetics

In order to determine the kinetic parameters of RY2
biosorption, various kinetic models such as Lagergren’s
pseudo-first-order (Lagergren, 1989) and the pseudo-second-
order (Ho, 2006) kinetic models were adopted. Lagergren’s
kinetic equation is given below:

In(ge — qt) = Inge — k1t (3)

which ki is pseudo-first-order rate constant (min*l), qe and qt
are biosorption capacities at equilibrium and at time t (mg g~1),
respectively.

The pseudo-second-order rate equation;

t 1 1
—=—+4—t 4
qt k2q§ e ( )

k, is the pseudo-second-order rate constant (gmg~! min—1).
2.7.  Equilibrium studies

Widely used isotherm models i.e. Langmuir, Freundlich and
Dubinin-Radushkevich (D-R) were employed to investigate
the equilibrium data. Langmuir isotherm (Langmuir, 1918) is
expressed by the following equation:

—=—+(—x)z )
e _Qmax qmaxKL / Ce

where g is biosorption capacity of the biosorbent at equi-
librium (molg~'), Ce is the dye concentration in solution at
equilibrium (molL~1) and Ky is Langmuir equilibrium constant
Leg™).

The Langmuir isotherm may be expressed by Ry, value, a
dimensionless constant, referred to as separation factor (Hall
et al., 1966):

1

Ro=——
L= 17KG,

6)

Ry values indicate the biosorption reaction favorable or
unfavorable as shown below:

Ry >1, unfavorable

R.<0, unfavorable

Ry =1, favorable (linear)

0<Ry <1, favorable

Ry =0, irreversible

The Freundlich isotherm (Freundlich, 1906) is given in Eq.
(7) and assumes that biosorption takes place on heteroge-
neous surfaces.

Inge=1n Kp+%ln Ce ?)

where Kr (L mg™?!) is the Freundlich constant and n is the het-
erogeneity factor.

D-R isotherm model (Dubinin and Radushkevich, 1947) is
used to estimate the biosorption energy in order to determine
the physical or chemical biosorption mechanism

In ge = In gm — Be? (8)
e =RT In(1+1/Ce) ©)
E=1/(22p)"? (10)

where qn, is the biosorption capacity (mol g-1), g is the activity
coefficient related to the biosorption energy, E (k] mol~') is the
mean free energy.

3. Results and discussion

3.1.  Estimation of RSM for maximum RY2 biosorption

In the present study, 3-level and 3-factor Box-Behnken experi-
mental design is applied to investigate the biosorption process

variables. 17 experimental runs including 5 replications at
the center points were carried out. —1, 0 and +1 are the
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coded values of the low, center and high levels for each fac-
tor variable, respectively. Uncoded forms of the low and high
values for the experimental design are pH 2 and 8, biosor-
bent amount=0.02g and 0.10g and time =5min and 40 min,
respectively. Observed results of experimental runs and their
predicted values are included in SM1. Observed and predicted
values in SM1 are very close and quadratic model was found
to be fitted the experimental data for RY2 biosorption on T.
elegans.

Analysis of Variance (ANOVA) was used to evaluate the sta-
tistical significance of the quadratic model and the results are
presented in SM2. According to multiple regression analysis
in SM2, an empirical relationship between the effective fac-
tor variables and the response variable in coded units can be
expressed by the following model;

RY2biosorptionyield (%) = 68.80 —17.96x1 +1075.01x,  (11)

The regression model indicated a high correlation between
the predicted and observed values for the biosorption of RY2
on T. elegans with a determination coefficient (R?) of 0.986.
A large F value of 56.90 showed the regression equation can
explain the most of the variation in the biosorption yield of T.
elegans. p-Values lower than 0.01 indicated that the variables
were statistically significant.

3.2 Influence of process variables on RY2 biosorption
performance

Fig. 1(a) showed the interactive effect of pH and biosorbent
amount on the biosorption yield of the biosorbent. According
to this figure, pH and biosorbent amount significantly effected
the RY2 biosorption performance of T. elegans. The biosorption
yield of the biosorbent increased by decreasinginitial pH of the
biosorption medium and increasing amount of the biosorbent.
At acidic pH values, biosorbent surface positively charged due
to the protonation of the functional groups on the biosorbent.
Thus, electrostatic attraction forces between dye anions and
positively charged biosorbent surface were predominate. On
the other hand increasing pH caused a significant decrease in
the biosorption yield of the biosorbent. This decrease may be
attributed to the deprotonation of the functional groups on
the biosorbent (Tian et al., 2010). These observations can also
be explained by the zero point of charge (ZPC) (around pH 2.5)
(Akar et al., 2013b) of the biosorbent.

An increase in the biosorbent amount also caused a signif-
icant increase in the biosorption potential of the biosorbent.
This behavior could be explained by increasing number of
available sites and larger surface area of the biosorbent with
increasing biosorbent amount (Aksu and Cagatay, 2006).

The combined effect of pH and contact time on the biosorp-
tion of RY2 is indicated in Fig. 1(b). It is evident that the
biosorption yield of the dye increased by increasing con-
tact time. However, the biosorption yield of the biosorbent
decreased by an increase in the pH.

Fig. 1(c) showed the combined effect of the biosorbent
amount and contact time on the dye biosorption performance
of T. elegans. Simultaneously, increasing amount of the biosor-
bent and longer contact time lead to an increase in the
biosorption yield of the biosorbent as earlier.

3.3. Optimization of RY2 biosorption parameters

In order to obtain the maximum biosorption yield for RY2,
operating parameters were optimized using quadratic model.
Suggested optimum values of process variables are pH 2.0,
biosorbent amount: 0.06 g and contact time: 39.3 min to reach
maximum 99.42% RY2 removal yield. This predicted value was
very close to the experimental value of 94.51%.

3.4.  Biosorption kinetics

Contact time was varied from 5 to 60min in order to inves-
tigate the kinetic parameters for the biosorption of RY2 onto
T. elegans (Fig. 1(d)). The biosorption equilibrium was estab-
lished within 40min and this finding was agreed with the
predicted value from quadratical model. The linear forms of
the pseudo-first-order (Eq. (3)) and the pseudo-second-order
(Eqg. (4)) kinetic models were used to fit these data. The model
constants and R? values are included in Table 1. This table
indicated the time-dependent data were well fitted to the
pseudo-second-order kinetic model with R? value of 0.999. The
equilibrium biosorption capacity calculated from this model
(74.61mgg') was also very close to the experimental value
of 73.29mgg~1. On the other hand, R? value was not high and
there is no consistence between experimental and calculated
biosorption capacity values of the pseudo-first-order model.
Consequently, the pseudo-second-order kinetic model appro-
priately described the kinetics and the chemisorption may be
the main mechanism (Dragan et al., 2014) for RY2 biosorption
in this study.

3.5.  Biosorption isotherms

The Langmuir, Freundlich and D-R isotherms were tested to
fit the equilibrium data for the biosorption of RY2 by T. elegans
and the general isotherm plot is presented in Fig. 1(e). The
calculated isotherm parameters and R? values are included
in Table 1. Corresponding data indicated that the equilibrium
data fit well with the Langmuir isotherm with the highest R?
value (0.998). The Langmuir constants qmax and K;, were found
tobe 3.30 x 104 molg~! (288.08 mgg ') and 2.89 x 10* Lmol 1,
respectively. The monolayer biosorption capacity of T. elegans
is comparable with the literature values for RY2 decolorization
with different biosorbent materials in Table 2 (Low et al., 1998;
Aksu, 2001; Uzun, 2006; Akkaya et al., 2007; Hu et al., 2007; Al-
Degs et al., 2008; Won and Yun, 2008). R, value lying between
0 and 1 and n value between 1 and 10 are strong evidences
for favorable biosorption of RY2. On the other hand, the mag-
nitude of E value in this study (13.04kJ mol~1) indicated that
the chemisorption based ion-exchange mechanism (Bhatt and
Shah, 2015) may play a role in RY2 biosorption by T. elegans.

3.6. Column studies

Batch biosorption experiments represent fundamental infor-
mation on the dye biosorption potential of a biosorbent
(Vijayaraghavan and Yun, 2008b). But there is need to use these
data for large scale industrial applications. Therefore, biosorp-
tion studies were also conducted in continuous system.

3.6.1. Effect of biosorbent amount

The effect of biosorbent amount on the biosorption of RY2
on T. elegans was also investigated in a continuous system at
a flow rate of 1mLmin~! and using dye solution (25mL) at
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Fig. 1 - Response surface plots showing the effects of pH and biosorbent amount (a), pH and contact time (b), biosorbent
amount and contact time (c), for the biosorption of RY2 onto T. elegans. Effect of contact time on the biosorption yield of RY2
onto T. elegans (d), general isotherm for the biosorption of RY2 onto T. elegans (e), effect of biosorbent amount on the
biosorption yield of RY2 in continuous system (f), effect of flow rate on the biosorption yield and biosorption capacity of T.
elegans in continuous system (g), consecutive biosorption-desorption cycles of T. elegans biomass (h), breakthrough curve
for RY2 biosorption process (C: 100 mgL~1; m: 40 mg; flow rate: 1.0 mL min~1) (i).
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Table 1 - Kinetic and isotherm parameters for the biosorption of RY2 onto T. elegans.

Kinetic models

Psuedo-first-order Psuedo-second-order Intraparticle diffusion
ki (min~')  ge (mgg™?) R ky (gmg'min') qe(mgg') h(mgg'min) R? kp (mgg'min~?) C(mgg™") R
3.91x102 594 0.618 1.28 x 102 74.61 71.48 0.999 2.80 57.02 0.786

Isotherm models

Freundlich Langmuir Dubinin-Radushkevich (D-R)

n Kr (Lg™Y) R? (max (molg™?) Kp, (Lmol 1) R ? Ry qm (molg1) B (mol?kJ~2) Rp_gr?
3.04 3.65 x 1073 0.895 3.30 x 1074 2.89 x 10* 0.998 1.70 x 1072 8.75 x 104 2.94 x 10 0.934
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Table 2 - Biosorption results of RY2 by different sorbent materials from the literature.

Sorbent material Sorption capacity (mgg?) References
Coconut husk 182.2 Low et al. (1998)
Dried activated sludge 3333 Aksu (2001)
Chitosan ~75 Uzun (2006)

Chitin ~37. Akkaya et al. (2007)
Clay 61.8 Hu et al. (2007)
Activated carbon 209.4 Al-Degs et al. (2008)
Corynebacterium glutamicum 178.5 Won and Yun (2008)
T. elegans 288.08 This study

an initial concentration of 100mgL~! at pH 2.0. Fig. 1(f) indi-
cated that the increase in the biosorbent amount filled into
the column from 30mg to 40mg caused an increase in the
biosorption yield from 56.27% to 93.03% (p < 0.05). The biosorp-
tion yield of T. elegans did not change with further increase in

the biosorbent amount (p >0.05). This trend may be explained
by the increase in the bed height of the column with increasing
biosorbent amount. Thus, dye solutions longer interact with
biosorbent in the column.
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5.6.2. Effect of flow rate

The results presented in Fig. 1(g) indicated the flow rate had
considerable effect on the biosorption of RY2 on T. elegans. The
maximum RY2 biosorption (97.55%) was occurred at a flow rate
of 0.50mL min~!. When the flow rate was adjusted to lower
values, dye solution had more time to contact with the biosor-
bentin the column. This behavior results in higher biosorption
yield and indicates that the biosorption of RY2 on T. elegans
at the flow rates of 0.25 and 0.50mLmin~! is dominated by
the diffusion across boundary layers on the biosorbent sur-
face. When the solution comes into contact with a biosorbent
the laminar flow is the predominant flow state. In contrast,
biosorption yield of RY2 decreased at high flow rates due to tur-
bulent flow. In this stage, the biosorption process dominantly
takes place by the diffusion within the biosorbent micropores
(Liu et al., 2013).

3.7. Regeneration studies

Desorption characteristics of the biosorbent were investigated
to examine the interaction type between biosorbent and dye
solution and to test the reuse potential of biosorbent. In the
present study, 0.01 M KOH was used as extractor for RY2 dye.
Fig. 1(h) indicated the biosorption and desorption potential of
the biosorbent for 10 cycles. Almost complete regeneration of
T. elegans was achieved during all desorption processes. Fur-
thermore, biosorption potential of the biosorbent was not lost
even at the end of 10th cycle (94.52%). These findings strongly
indicated that T. elegans may be suitable for practical applica-
tions.

3.8. Breakthrough study

In order to examine the breakthrough behavior of T. ele-
gans, 100mgL~! RY?2 solution was passed through the column
packed with 0.2g of the biosorbent at a flow rate of
0.5mLmin~!. The breakthrough curve for the biosorption of
RY2 onto T. elegans is given in Fig. 1(i). The breakthrough point
emerged around 300min and reached to exhaustion after
600 min. The adsorption capacity and yield values of T. elegans
were also calculated from the breakthrough curve and found
as 57.38mg and 44.82%, respectively. These data showed that
T. elegans can be successfully used in column applications for
the decolorization of RY2 containing solutions.

3.9. Characterization of biosorbent

In order to characterize the decolorization process, absorption
spectra of wastewater before and after RY2 biosorption were
taken. UV-vis spectra in Fig. 2(a) indicated that the significant
intensity decrease in the absorption peak after the treatment
of wastewater with the biosorbent. This finding is an impor-
tant evidence for the removal of RY2 and other dyes present
in the wastewater.

The chemical composition of T. elegans was investigated
using elemental analysis. The percentages of nitrogen, carbon
and hydrogen were found as 7.29, 42.62 and 6.48%, respec-
tively. The BET surface area was determined as 10.76 m? g~ 1.

The surface morphology of T. elegans and RY2 loaded
T. elegans was studied by AFM technique. AFM images of
the unloaded- and dye-loaded biosorbent are presented in
Fig. 2(b). These images indicated that the biosorption of
RY2 onto T. elegans caused some apparent changes on the
biosorbent surface. The rough structure of the biosorbent sur-
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Fig. 2 - UV spectrum of wastewater before (A) and after (B)
biosorption process (a), AFM images of T. elegans (A) and
RY2 loaded T. elegans (B) (b) IR spectra of T. elegans (A) and
RY2 loaded T. elegans (B) (c).
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face converted into the irregular form. This finding was also
explained by the biosorption of the dye onto T. elegans.

IR spectral analysis shows that the biomass prepared from
T. elegans cells has a variety of functional groups, including
-OH, -NH, -CH3, CH,, C=0, C-N, C-O-C, P-O and P-OH (Akar
et al., 2013a). The role of these functional groups in the decol-
orization process was evaluated by comparing the spectra
of raw and dye-loaded biosorbents (Fig. 2(c)). After contact-
ing with dye solutions, the peaks at 1633cm~? (indicative of
C=0 stretching), 1325cm™! (indicative of C-H bending) and
1242 cm~! (indicative of C-O-C stretching) and 1407 cm~?! (C-N
stretching) were shifted to 1645, 1312, 1230 and 1416 cm™,
respectively. Also an intensity decrease was observed for the
last peak after the biosorption process. These results indi-
cated that the mentioned groups are likely responsible for
the biosorption of RY2 molecules onto biosorbent surface.
Additionally, IR spectrum of dye-loaded T. elegans biomass
exhibited new peaks at 1545 and 1377 cm~! and they were
attributed to -N=N- and C-N groups in dye structure, respec-
tively. These differences between IR spectra of the biosorbent
before and after the decolorization process may be strong evi-
dences for the biosorption of RY2 onto T. elegans.

4, Conclusions

The present study indicated that biomass prepared from T. ele-
gans cells was efficiently used for the biosorptive treatment of
RY2 contaminated real wastewater with the excellent biosorp-
tion yields in both batch and column systems. pH, biosorbent
amount and contact time were screened for the multivariate
optimization of the treatment process. A quadratical model
was suggested for the interpretation of the biosorption data
with R? and F values of 0.986 and 56.90, respectively. Overall,
this suggested biomaterial is a potential alternative for the
wastewater decolorization with the fast biosorption rate, high
biosorption capacity and excellent regeneration potential over
10 consecutive cycles.
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