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ABSTRACT

This study investigated the biosorption of the anionic textile dyes: Reactive Red 239 (RR239), Reactive Black B
(RBB) and Direct Blue 85 (DB85) according to pH, biomass dosage, contact time and dye concentration onto waste
beer yeast slurry. The kinetics and isotherm of the removal of dyes were also studied. The equilibrium of biosorption
reaction was reached after 30 min for the reactive dyes and after 60 min for the direct dye. Optimum decolorization
was observed at pH 2 and 0.63 g/L of biomass dosage. The kinetic data of the three dyes were better described by
the pseudo second-order model. The adsorption process followed the Langmuir isotherm model and the biosorption
capacity being estimated to be 152.9, 162.7 and 139.2 mg/g for RR239, RBB and DB85, respectively. Our findings
indicated that the waste beer yeast slurry was an attractive low-cost biosorbent for the removal of anionic textile
dyes from aqueous solution.
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INTRODUCTION

Textile industries consume large amounts of water, chemicals and dyes.
Approximately 10-15% of dyes applied in the dyeing process are discharged with
wastewater causing environmental pollution (Al-Amarani et al., 2014). Reduction of
light penetration, which is essential for photosynthesis, difficult oxygen transfer, and
alteration of aesthetic characteristics are some impacts from the disposal of colored
waste into aquatic ecosystems (Juang et al., 2008; Tun¢ et al., 2009; Saratale et al.,
2011). In addition, many textile dyes and their metabolites are toxic, mutagenic and
carcinogenic to some aquatic organisms and human beings (Banat et al., 1997; Gill
et al., 2002).

Various physical and chemical methods such as chemical coagulation, precipitation,
ultrafiltration, color irradiation, ozonation, and advanced oxidation have been used to
treat textile wastewater. These methods, however, possess inherent limitations such
as high cost, intensive energy requirements and formation of toxic by-products
(secondary pollution) (Chen et al., 2003; Kumari and Abraham, 2007; Akar et al.,
2009; Verma et al., 2012).

Adsorption is an efficient and economic process to remove pollutants from the
wastewater. Activated carbon is the principal material used in the adsorption process
but its high cost and problem with regeneration limit its application on a large scale
(Malik, 2004; Chevalier et al., 2007; Wang and Guo, 2011). On the order hand,
adsorption by biological material provides an alternative way for the bioadsorptive
decolorization. In the past few years, extensive studies have been undertaken to
decolorize aqueous solution and textile wastewater using biomass from apple
pomace and wheat straw (Robinson et al., 2002), cotton plant (Tung et al., 2009),
pine leaves (Deniz and Karaman, 2011), fungi and yeast (Iscen et al., 2007; Kumari
and Abraham 2007; Kalaiarasi et al. 2012; Wang and Guo, 2011), bacteria (Han and
Yun, 2007), algae (Daneshvar et al., 2012, Khataee et al., 2013), sugarcane bagasse
(Ferreira et al., 2015; Raymundo, et al. 2010; Yu et al., 2015) and cashew nut shell
(Subramaniam and Ponnusamy, 2015). Generally, these biosorbents are abundant in
nature, or are by-products or waste from the industry, having little or no economic
value, and require minimal or no processing (Tung et al., 2009).

Beer production is an important economic activity in many countries. Consequently,
waste beer yeast is produced in large quantities at low-cost, which makes it an
interesting target for the examination of its dye biosorption potential. This waste has
already been used efficiently to remove heavy metals like cooper, lead, chromium,
nickel, zinc, cadmium, manganese, aluminum, and uranium (Riordam et al., 1997,
Kim et al., 2005; Han et al., 2006; Parvathi and Nagendran, 2008, Machado et al.,
2010; Ramirez-Paredes et al., 2011). Recently, researches demonstrated the potential
of waste beer yeast for biodecolorization of Acid Orange 7 (Wu et al., 2011) and
Reactive Blue 49 (Wang and Guo, 2011). However, bioadsorption studies on textile
dyes using waste beer yeast may be unsatisfactory, mainly when it is found a high
chemical diversity of dyes and application of waste beer yeast in form of slurry.

The aim of this study was to investigate the potential usability of waste beer yeast
slurry (WBYS) for the decolorization of aqueous solutions containing the anionic
textile dyes: C.I Reactive Red 239, C.l. Reactive Black B and C.I. Direct Blue 85.
Effects of initial pH, contact time, dye and biosorbent concentration were evaluated.
In order to obtain a better understanding of the biosorption mechanisms for future
applications in real scale, the kinetics and isotherm of removal of dyes were also
studied.
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MATERIAL AND METHODS

Dyes

Anionic textile dyes, i.e.,, C.I Reactive Red 239, C.l. Reactive Black B and C.I.
Direct Blue85 were purchased from Téxtil Sdo Jodo (Sdo Jodo da Boa Vista, SP,
Brazil), and used as received, without further purification. The chemical structures of
the dyes are shown in Table 1. Stock solutions of the dyes were prepared by
dissolving the powdered dyestuff in distilled water (1.0-5.0 g/L). The maximum
absorbance (Ama) Of the individual dyes was determined by a UV-Visible
spectrophotometer (Hach DR6000).

Table 1 - Structure and characteristics of the anionic textile dyes.

Dye Chemical Structure Amax Mw Class
(C. 1. name) (nm) (g/mol)
Reactive Red 239 542 1136.32  Monoazo
RR239 cl
( ) A SO,CH,CH;080;Na
s¥e}
@SOaNa OHHNN ““N/l\rrl
NaOsS SOsNa

Reactive Black B SO,CH,CH,050;Na 597 991.82 Diazo
(RBB)

\\

2
HO
s

SO3Na

02C ch H20803Na
Direct Blue 85 S0sNa 590 1098.93 Triazo

(DBS85) \@

=

Biosorbent material

Waste beer yeast slurry (WBYS) purchased from a brewery in Brazil was used as
biosorbent material. The WBY'S was autoclaved at 121 °C for 40 min to Kill the yeast
cells and ensure that the removal of dyes is due to bioadsorption rather than to
biodegradation. In order to estimate the yeast biomass concentration in the waste
slurry, it was removed from the suspension by centrifugation (3600xg, 15 min),
washed several times thoroughly with distilled water and measured by gravimetric
method, after drying at 80 °C, to a constant weight.
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Batch biosorption studies

Experiments were conducted with 150 mL Erlenmeyer flasks containing 50 mL of
the aqueous solution of dyes. Flasks were agitated on a rotary shaker at 120 rpm and
30 °C. Because adsorption is directly influenced by physicochemical variables,
variables such as different pH (2, 4, 6, 8 and 10, adjusted by the addition of 0.1 M
HCI or 0.1 M NaOH solutions), initial dye concentration (100, 150, 200, 250, 300
and 350 mg/L) and biomass dosage (0.63, 1.26, 1.89, 2.51 and 3.12 g biomass/L)
were evaluated. At the end of each equilibrium experiment, the biosorbent was
removed from the suspension by centrifugation (3600xg, 15 min) and the residual
dye in the solution was measured quantitatively by a UV-Vis spectrophotometer
(Hach DR6000) at Ams Of dyes (Table 1). All biosorption experiments were
performed in triplicates and the dye removal efficiency, R (%), and dye biosorption
capacity (g.) of biomass at the equilibrium were calculated according to the
Equations (1) and (2), respectively:

Gi—C 100
C; 1)

(Ci - Ce)
Qe = B 2

R(%) =

where C;and C are the initial and the equilibrium dye concentrations (mg/L) and B
is the biosorbent concentration in the solution (g/L).

Kinetic studies
In this study, the dynamic experimental data were analyzed by the pseudo-first order
model (Lagergren, 1898), pseudo-second order (Ho and Mckay, 1998) and the
intraparticle diffusion kinetic models (Weber and Morris, 1963).
The linear form of the pseudo-first order equation can be expressed as in Equation
@Q):

log(qe — q¢) = logqe — ﬁt ©)
where @, and g; are the amounts of dye adsorbed per biomass (mg/g) at the
equilibrium and at the time t (min), respectively, and K; is the pseudo-first order rate
constant (1/min). The values of K; and the predicted g, are determined from the plot
of log (ge—qy) against t.
The linear form of the pseudo-second order model is represented by Equation (4):

t 1 1
= ——+ —t (4)
9@ Kxq: qe

where @, and g; are the amounts of dye adsorbed per biomass (mg/g) at the
equilibrium and at the time t (min), respectively, and K, is the pseudo-second order
rate constant (g/(mg min)). By plotting t/q; versus t, the models parameters K, and ¢
can be determined.
The intraparticle diffusion model allows to identify the diffusion mechanisms and
can be represented by Equation (5):

qe = Kiat®* + C ©®)

where C is the intercept and Kjq is the intraparticle diffusion rate constant (mg/(g
min®®)). From the plot of gt against t°°, the values of Ki; and C can be obtained. If
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the plot crosses the origin (C = 0), the adsorption process is controlled only by
intraparticle diffusion.

Isotherm studies

Langmuir and Freundlich isotherm models were used to describe the equilibrium
sorption data (Langmuir, 1918; Freundlich, 1906). The Langmuir isotherm model
assumes monolayer coverage of adsorbate over a homogeneous adsorbent surface.
The linearized form of the Langmuir is given by Equation (6):

C, L, G

qe B KL Amax Qmax

(6)

where g. (mg/g) is the amount of dye adsorbed by the biomass at the equilibrium, C
(mg/L) is the dye concentration in the solution at the equilibrium, Qmax (Mg/Q) is the
maximum monolayer adsorption capacity, and K. (L/mg) is the Langmuir constant
related to the affinity of the binding sites and adsorption energy. The plot of C./q
versus C, is employed to generate the values of gmaxand Ky.

The Freundlich isotherm is an empirical equation employed to describe
heterogeneous adsorption surface and is given by Equation (7):

1
Ing,= InK; + Y—Lln Ce )

where K; ((mg/g)(mg/L)™ ™ and n (dimensionless) are Freundlich constant related to
the adsorption capacity and adsorption intensity, respectively. K; and n can be
evaluated by plotting Inge and InCe.

RESULTS AND DISCUSSION

Effect of pH

The initial pH of the solution significantly influences the dye biosorption process
because it affects the adsorbate solubility and the ionizing functional groups of the
cell walls (Aksu and Dénmez, 2003; Khataee et al., 2013). Figure 1 illustrates the
effect of different initial pH on the removal of three dyes at a dye concentration of
100 mg/L for 60 min, 30 °C and 3.12 g biomass/L. At pH 2, it was observed the
highest values of biosorption of dyes: 96% (DB85), 99% (RR239) and 100% (RBB).
As the pH of the aqueous solution increased, the removal of the three dyes by the
biomass decreased. This effect is related to the protonation of functional groups on
the surface of the biomass under acidic conditions, resulting in net positive charge on
the biomass (Wu et al. 2011). The electrostatic interactions between the positively
charged biosorbent and the negatively charged dye anions lead to dye removal from
the solution. As the pH of the medium increases, the number of negatively charged
sites increases on the biomass surface, which does not favor the adsorption of dye
anions due to the electrostatic repulsion (Iscen et al. 2007; Akar et al. 2009). Similar
pH trends were reported by other researchers for yeast biomass (Aksu and Dénmez,
2003; Wu et al., 2011; Wang and Guo, 2011).
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Fig. 1. Effect of pH on the dye removal efficiency of WBYS (biosorbent dosage = 3.12 g biomass/L), dye
concentration = 100 mg/L, contact time = 60 min, temperature = 30 °C).
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Effect of biosorbent dosage

Figure 2 shows the effect of biosorbent dosage (0.63, 1.26, 1.89, 2.51 and 3.12 g/L)
on the biosorption of dyes. As can be seen, the percentage of removal increased
when the biomass dosage improved. The biosorption capacity, however, decreased
from 117.7 to 30.5 mg/g for DB85, from 119.7 to 29.4 mg/g for RR239 and from
130.6 to 29.3 g/L for RBB when the biomass dosage increased from 0.63 to 3.12
g/L. The decrease in the biosorption capacity at higher WBYS dosage can be
attributed to the adsorption sites that remained unsaturated during the adsorption
reaction, whereas the number of sites available for adsorption is increased by
increasing the biosorbent dosage (Zou et al., 2006). Another reason may be due the
interaction of particles such as the aggregation, leading to a decline in the total
biosorbent surface area. This fact causes a decrease in the amount of dye biosorbed
per unit of weight of biomass (Shukla et al., 2002; Crini and Badot, 2008). Whereas
the greatest biosorption capacity was observed at 0.63 g/L, this biosorbent dosage
was used in subsequent studies.
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Fig. 2. Effect of biosorbent dosage on the dye removal efficiency of WBYS (dye concentration = 100 mg/L,
contact time = 60 min, pH = 2, temperature = 30 °C).

Effect of contact time
Contact time is one important parameter for the successful deployment of
biosorbents for practical application. The ideal biosorption materials should be
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capable of quickly adsorbing high concentrations of dyes from the wastewater and
establishing the equilibrium (Iscen et al., 2007, Khataee et al., 2013). The influence
of the contact time on the biosorption capacity of the WBYS for three dyes can be
seen in Figure 3. Results showed that a rapid biosorption of dyes occurred at 5 min
and reached 59% (DB85), 65% (RR239) and 76% (RBB), respectively. After the
first 5 min, the biosorption of dyes were gradually slowed down until the
equilibrium, which was achieved at 30 min for RR239 and RBB and at 60 min for
DB85. The rapid biosorption of the three dyes by the WBYS in the first 5 min can be
attributed to the high availability of active sites on the cell surface. As these
functional groups are gradually occupied, the biosorption became less efficient.

100
80 -
2
T 60
-
£
5 404 —>— DB85
g —A— RR239
20 - = RBB
0 - I 1 1 1 1 I 1

0 20 40 60 80 100 120 140

Time (min)
Fig. 3. Effect of contact time on the dye removal efficiency of the WBY'S (biosorbent dosage = 0.63 g biomass/L),
dye concentration = 100 mg/L, contact time = 120 min, temperature = 30 °C).

Effect of initial concentration of dye

The initial concentration of dye provides an important driving force to overcome all
mass transfer resistances of the dye between the aqueous and the solid phases (Aksu
and Donmez, 2003). In this study, dye removal capacity of the WYBS was
investigated using solutions of dyes that ranged from 50 to 350 mg/L, with pH 2 and
temperature of 30 °C. The dye removal efficiency and the biosorption capacity of the
WBYS are given in Figure 4. Despite the decrease in dye removal efficiency with
the increase in the initial dye concentration, the biosorption capacity was increased.
The biosorption capacity reached maximum values of 139.0 and 160.8 mg/g for
DB85 and RR239, respectively at 250 mg/L and 158.7 mg/g for RBB at 300 mg/L.
Dye removal efficiency was higher at lower initial dye concentration because all dye
concentration may interact with the binding sites on the cell surface while at higher
dye concentration, the binding sites on the biomass surface are saturated and no
further biosorption occurs. A decrease in the biosorption capacity observed at RR239
concentration above 250 mg/L can be related to the repulsive forces between the dye
molecules at the adjacent sites on the cell surface, which leads to a removal of some
dye molecules from the surface (Iscen et al., 2007).
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Fig. 4. Effect of initial dye concentration on the dye removal efficiency of the WBY'S (biosorbent dosage = 0.63 g
biomass/L), dye concentration = 100 mg/L, contact time = 60 min, temperature = 30 °C).

Biosorption kinetics

Kinetics studies are important for designing and optimizing the biosorption system.
In this study, Kinetic studies of dyes removal were conducted using 150 mL
Erlenmeyer flasks with 50 mL of dye aqueous solution (100 mg/L), 0.63 ¢
biomass/L, at various contact times (5-60 min), at 30 °C and 120 rpm.

The parameters calculated for the pseudo-first order, pseudo-second order and
intraparticle diffusion kinetic models are listed in Table 2. Although the pseudo-first
order model has generated a good fit (R*> 0.96 for all dyes, Fig. 5), the experimental
ge Values (119.7, 130.6, 120.1 mg/g for RR239, RBB, and DB85, respectively) did
not agree with those that were calculated (q;) (Table 2). On the other hand, the
pseudo-second order model generated the best fit (R?> 0.99 for all dyes, Fig. 6) and
the biosorption capacities (g,) estimated by the models were also close to those
acquired by the experiments. In the case of intraparticle diffusion model, the
correlation coefficients were between 0.83 and 0.98 and the C values were different
from zero indicating that the intraparticle diffusion is not the only rate-limiting step
(Fig. 7). These results suggest that the biosorption of dye by the WBYS is complex
and may involve more than one mechanism. The biosorption process was probably
controlled by a chemisorption reaction, but a thermodynamic evaluation is necessary
to confirmation this process. The chemisorption reaction involves the sharing or
exchanging of electrons between biomass and dye until the surface active sites were
fully occupied. Once the activated sites of the external surface reached saturation,
the dye molecule diffused into the biomass network was adsorbed onto the active
sites in the interior of the biosorbent particle (Malik, 2004; WU et al., 2011).
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Fig. 5 Pseudo first-order kinetic plots for the anionic dyes removal efficiency of the WBYS.
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Fig. 6 Pseudo second-order Kinetic plots for the anionic dyes removal efficiency of the WBYS.
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Fig. 7 Intraparticle diffusion kinetic plots for the anionic dyes removal efficiency of the WBY'S.
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Table 2 - Kinetic parameters estimated by the pseudo first-order, pseudo second-order and intraparticle diffusion
models for the RR239, RBB and DB85 biosorptions on the WBYS.

Model  Pseudo-first order Pseudo-second order Intraparticle diffusion
Ki G R? Ko U2 R? Kig C R?
(1/min) - (mg/g) (9 /(mg (mg/g) (mg/(g min®))  (mg/g)
min))
RR239 0.0615 15.62 0.968 0.0093 121.23 1.000 2.3411 103.38 0.830
RBB 0.0612 10.34 0.993 0.0145 131.53 1.000 1.4410 120.35 0.905
DB85 0.0527 31.05 0.995 0.0037 123.49 0.999 4.1651 89.26  0.984
Biosorption isotherm
The equilibrium biosorption isotherm is prerequisite to understand how adsorbates
interact with adsorbents and how they could be used for design purpose. In this
study, g as a function of the dye concentration at the equilibrium plot was fit with
the Langmuir and Freundlich isotherm equations. Table 3 lists the Langmuir and
Freundlich adsorption isotherms constant with the correlation coefficients. It could
be seen that the Langmuir isotherm fits better (R>> 0.99 for all dyes, Fig. 8) than the
Freundlich isotherm (Fig. 9). These results revealed that the biosorption process was
based on the monolayer adsorption. The maximum biosorption capacities (Omax)
calculated by the Langmuir model were 152.93, 162.73 and 139.16 mg/g for RR239,
RBB and DB85, respectively.
2.5 -
2 -
= < DB85
S 191 arR239
o ®m RBB
i 2
0.5 -
0 T T T T T 1

50

100 150 200 250 300
Ce(mg/L)

Fig. 8 Langmuir isotherms for the biosorption of RRB239, RBB and DB85 on the WBYS.
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Fig. 9 Freundlich isotherms for the biosorption of RRB239, RBB and DB85 on the WBY'S.

Braz. Arch. Biol. Technol. v.60: e17160411, Jan/Dec 2017



11
Biosorption of anionic textile dyes by brewer's yeast

The essential features of the Langmuir isotherm can be expressed in terms of the
dimensionless constant separation factor or equilibrium parameter, R (Mckay et al.,
1982):

1
1+ KLG
where C; is the highest initial dye concentration (mg/L). R_ can be used for the
interpretation of the adsorption process as follows: irreversible (R = 0), favorable (0
<R < 1), linear (R_ = 1) or unfavorable (R. > 1). The R_ values found were 0.011,
0.009 and 0.023 for DB85, RR239 and RRB respectively, indicating that the sorption
process is favorable.

Ry

Table 3 - Biosorption isotherm constants for RRB239, RBB and DB85 biosorptions on the WBY'S.

Model  Langmuir constant Freundlich constant
Omex K. R? Ke n R?
(mg/g) (L/mg) (mg/g) (mg/L)™"
RR239 15293 0.310 0.992 86.59 9.12 0.668
RBB 162.73 0.123  0.998 104.14 13.14 0.918
DB85 139.16 0.265 0.999 99.57 16.50 0.865
CONCLUSION

The present study revealed that waste beer yeast slurry can be used as biosorbent to
remove three anionic textile dyes (RR239, RBB, DB85) from aqueous solution. The
biosorption process of dyes proved to be dependent on the pH of the solution, on the
contact time, biosorbent dosage and initial concentration of dyes. Optimum pH and
biosorbent dosage were determined as being 2.0 and 0.63 g/L, respectively. Batch
studies showed that the kinetics were well described by the pseudo-second-order
model, and the equilibrium was well described by the Langmuir model. In
conclusion, waste beer yeast slurry may be an economic, effective and eco-friendly
option for the removal of anionic dyes from aqueous media.
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