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Abstract

Synthetic dyes, particularly reactive and acid dyes, are commonly used in the textile industry because of their advantages
as excellent color fastness and brightness. Also, surfactants are used for an increment of coloring success in the textile
industry. One of the major problems concerning textile wastewater is the treatment of the effluents containing both
dyes and surfactants. Biological treatment systems are recommended as useful, economic and eco-friendly methods
for treatment of industrial wastewater. The purpose of this study was to investigate the binary removal of a textile
dye and a surfactant by growing Aspergillus versicolor culture in molasses medium. The effect of dye and surfactant
concentration on the removal of dye and surfactant was determined. This study resulted that 100% of the surfactant
and dye molecules removed together with the formation of a dye-surfactant complex by fungus. It is concluded that
binary removal systems are very efficient for industrial wastewater treatment.

Keywords: biological treatment, fungi, surfactant, textile dye.

Uma abordagem verde para o tratamento de aguas residuais industriais
contaminadas por tintas e surfactantes

Resumo

Os corantes sintéticos, particularmente corantes reativos e acidos, sdo comumente usados na industria téxtil devido
as suas vantagens como excelente solidez da cor e brilho. Além disso, os surfactantes sdo usados para incrementar
o sucesso da coloragdo na industria téxtil. Um dos principais problemas relativos as aguas residuais téxteis sdo o
tratamento dos efluentes contendo corantes e surfactantes. Os sistemas de tratamento biologico sdo recomendados
como métodos Uteis, econdmicos e ecologicos para o tratamento de efluentes industriais. O objetivo deste estudo foi
investigar a remoc¢ao binaria de um corante téxtil e um surfactante, cultivando a cultura Aspergillus versicolor em meio
de melago. O efeito das concentragdes de corante e surfactante nas remogdes de corante e surfactante foi determinado.
Este estudo resultou na remogdo de 100% das moléculas de surfactante e corante juntamente com a formagao de um
complexo corante-surfactante por fungos. Conclui-se que os sistemas de remocdo bindria sdo muito eficientes no
tratamento de efluentes industriais.

Palavras-chave: tratamento biologico, fungos, surfactante, corante téxtil.

1. Introduction

The augmentation of industrial activities are important
for the economic development of countries, but they also
cause environmental and health problems due to their
toxic effluents. Particularly, dyes and surfactants are found
together as toxic pollutants in the content of the industrial
wastewater. There are some advantages of using synthetic
dyes such as high stability to light, temperature, detergent
and microbial attack and variety in color while comparing
with natural dyes (Rodriguez Couto, 2009). Especially
reactive and acid dyes are extensively used in the coloring
of textile products. Reactive Blue 19 (RB 19) has been
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widely used as a model compound for anthraquinone-type
dye in decolorization studies. It is the raw material in the
production of polymeric dyes and, as a derivative of the
two ringed PAH, represents the main component of toxic
and recalcitrant organic pollutants (Hadibarata et al., 2012).
Acid Blue 83 (AB 83) is commonly used in the textile
industry, but recent studies emphasized the carcinogenic
and mutagenic properties of this dye (Karthick et al., 2018).

Surfactants are extensively used in industries such
as detergent and the effluents of these industries contain
high amounts of surfactants. In addition to this, surfactant
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polluted water affected living organisms negatively.
For instance, Heidari and Kahrizi (2018) reported that
detergents consisted of surfactants, contaminated water, and
this water reduced plant growth. Also, surfactants are used
as wetting or penetrating agents in coloring technologies
(Liuetal., 2005). The interactions of surfactants with dyes
play a very important role in achieving an effective coloring
process (Alehyen et al., 2010). Due to their widespread
applications, the investigations of interactions between
organic molecules and surfactants in various environments
have gained in importance. Recently, Khalladi et al. (2018)
showed that usage of surfactants enhanced the removal
of polycyclic aromatic hydrocarbons (PAH) from the soil
by soil washing process. Also, the usage of surfactants in
dye removal from wastewater treatment gains importance
(Karatay et al., 2014). The cationic surfactant called
dodecyltrimethylammonium bromide (DTAB) has been
used in this study. The molecular structure of AB 83,
RB 19 and DTAB are given in Figure 1. Every year tons
of effluents containing dyes and surfactants are discharged
into the receiving environment (Maas and Chaudhari, 2005).

Recently, the development of inexpensive and
environmentally friendly methods for the treatment of
wastewater containing pollutants becomes important
(Ramirez et al., 2018). Physical and chemical treatment
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Figure 1. The molecular structure of Acid Blue 83 (AB 83),
Reactive Blue 19 (RB 19) and Dodecyltrimethylammonium
bromide (DTAB).
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methods are expensive but biological treatment is cost-effective
and eco-friendly (Freitas et al., 2018). The use of biological
materials as bacteria, fungi, yeast, and algae for removal
of pollutants is defined as biological treatment. The recent
studies focused on the usage of fungi due to their metabolic
variety and low-cost availability. In addition to this, fungi
can be tolerated in negative conditions compared with other
organisms and fungi are useful in biological wastewater
treatment technologies. There are some studies about the
removal of dyes from wastewater by fungi (Przystas$ et al.,
2013). There are a few researchers studied the removal of
dyes by the usage of surfactants from industrial effluents
(Ouni et al., 2015). Previously, Giil and Dénmez (2014)
showed that cationic surfactant DTAB enhanced removal
of Remazol Blue dye which is the form of commercial
product, not a pure form. A review of the literature revealed
that no reports have been published on decolorization of
AB 83 and RB 19 in the pure form using DTAB. Also,
there is not any study focused on the binary removal of
dyes and surfactants together. The aim of this study is to
remove both dyes and surfactants in the systems contained
fungi. Also, it is intended to monitor the removal of the
surfactant molecule in an easy method.

2. Material and Methods

2.1. Preparation of dye and surfactant solutions

Acid Blue 83 (AB 83) and Reactive Blue 19 (RB 19)
were obtained from Sigma in pure form. The dye stock
solution was prepared by dissolving the powdered dyestuff
in distilled water to a final concentration of 2% w/v.
The cationic surfactant dodecyltrimethylammonium
bromide (DTAB) was supplied by Fluka. The stock
surfactant solutions were prepared at 1.0 g/L concentration
by dissolving weighed amounts in double-distilled water.
Appropriate volumes of the stock solutions were added
to the media. The properties of dyes and surfactant used
in this study were given in Table 1.

2.2. Microorganism and growth conditions

The filamentous fungus Aspergillus versicolor, which
was isolated from the soil samples of Batman, Turkey
(Tastan et al., 2010), was used in this study. The pure cultures
were kept at 4 °C and were transferred to molasses media
containing dye every 3 months, immediately after their
arrival at the laboratory. The growth medium was composed
of beet molasses solution (approximately equivalent to
10 g/L sucrose), 1.0 g/L (NH,),SO, and 0.5 g/L KH,PO,.
The pH was adjusted to the desired value with 0.1 M NaOH
using pH meter (Hanna). The medium was autoclaved
(121 °C for 15 min) and then a defined quantity of dye
and surfactant solutions with known concentrations were
added to the growth medium.

In order to acclimate fungal cells the fungal biomass
was added into the media that contained dye and surfactant
before decolorization expertiments, then activated fungal
biomass (2 mL) was inoculated into experimental flasks
(250 mL) for decolorization assays. The fungal cells were
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Table 1. The properties of Acid Blue 83 (AB 83), Reactive Blue 19 (RB 19), Dodecyltrimethylammonium bromide (DTAB).

Name Synonym Molecular Formula Molecular Weight (g/mol)

Acid Blue 83 Coomassie Blue C,H,NNas 825.97

(AB 83)

Reactive Blue 19 Remazol Brillant Blue R C,H [N,Na,0, S, 626.54

(RB 19)

Dodecyltrimethylammonium  Lauryltrimethylammonium  CH,(CH,),,N(CH,),Br 308.34

bromide bromide

(DTAB)

inoculated twice into 250 mL Erlenmeyer flasks containing
100 mL of molasses medium at 25 °C on a rotary shaker
(New Brunswick Scientific Innova 4230) at 100 rpm in
24 hours incubation period.

2.3. The effect of surfactant on the optical density of dyes

To determine the changes in the optical density of Acid
Blue 83 (AB 83) and Reactive Blue 19 (RB 19) by the effect
of'the DTAB concentration, 0, 0.1, 0.5, 1 and 2 mM DTAB
were added to 10 mL molasses medium with 5 mg/L dye.
Then, 2 mL of samples were scanned at 400-700 nm in
Perkin Elmer Lambda 25 model spechtrophotometer.
Molasses medium was used as a blank.

2.4. The effect of a cationic surfactant on fungal
decolorization

To examine the effect of a cationic surfactant (DTAB)
on anionic dye (RB 19) removal by 4. versicolor, 0.5 mM
DTAB was added to 250 mL Erlenmeyer flasks containing
100 mL molasses medium with 100 mg/L dye at pH 6.
Flasks with molasses medium (pH 6) and 0.5 mM surfactants
were used as a control.

2.5. Decolorization assays

The effect of initial pH on dye decolorization and
dye-surfactant interactions were investigated at
pHs 3,4, 5, 6 and 7 in molasses medium supplied with
100 mg/L dye and 0.5 mM (154.2 mg/L) DTAB.
The dye- surfactant interactions were monitored by the
flasks contained dye and surfactant at different pH values.

To examine the effect of surfactant concentration on
bioremoval, 4. versicolor was inoculated into molasses media
containing 0.05 mM (15.42 mg/L), 0.1 mM (30.8 mg/L),
0.5 mM (154.2 mg/L), 1 mM (308.4 mg/L) and 2 mM
(616.8 mg/L) DTAB with 100 mg/L dye. The effect of
surfactant and dye concentrations on dye- surfactant
interactions was determined by 0, 0.05, 0.1, 0.5, 1, 2 mM
DTAB with 50, 100, 200, 400, 600 and 800 mg/L dye.

Un-inoculated Erlenmeyer flasks containing dye and
surfactant were used as control samples to observe any
reactions of the media with the dye and surfactant. Each of
these experiments and the measurements described below
to follow the daily changes in the samples throughout the
incubation period were performed in triplicate.

2.6. Analytical methods

During the incubation period (24 hours), a 3 mL sample
was taken daily from each flask to remove suspended
biomass. The concentration of Acid Blue 83 (AB 83) and
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Reactive Blue 19 (RB 19) were determined by measuring
the absorbance at 560 nm and 590 nm. The surfactant
RB 19 dye complex was determined by reading absorbance
at 640 nm where the maximum absorption peaks exist for
the dye-surfactant complex. Cell-free molasses medium
was used as a blank.

Absorbance measurements and centrifugation were
performed using a Perkin Elmer Lambda 25 model
spectrophotometer and Sigma-D-37520 model centrifuge,
respectively.

The effect of surfactant on dye removal properties
of A. versicolor and surfactant- dye interactions were
investigated in a batch system as a function of initial pH as
well as dye and surfactant concentrations. The percentage
removal of dye was calculated from

Dye Removal (R %) =(4, ~ Ay )/ A,x 100 (1)

In the Equation 1, A and A, the initial and final
absorbance values, respectively.

3. Results and Discussion

The properties of dyes and surfactant used in this study
were given in Table 1.

3.1. The effect of surfactant on the optical density of
dyes

The effect of surfactant concentration on the optical
density of AB 83 was determined at different surfactant
concentrations as 0.1, 0.5, 1 and 2 mM. Also, the optical
density of dye without surfactant was scanned from
400 to 700 nm wavelength as a control. As seen in Figure 2,
the maximum peak of AB 83 dye molecule absorbance was
observed at 560 nm. On the other hand in the presence of
0.1 mM DTAB, there was a new peak occurred at 600 nm.
Also, the peak formation at 600 nm became significant
with the increment of surfactant concentrations (Figure 2).
The occurrence of this peak was assumed to the formation
of'the dye-surfactant complex. While the concentration of
DTAB molecule increased, the occurrence of the second
peak became significant at 600 nm. AB 83 is an anionic dye
molecule and DTAB is a cationic surfactant molecule, so it
is expected that the electrochemical interactions occurred
between dye and surfactant molecules. It was considered
that the surfactant-dye complex formation observed at
600 nm and the amount of surfactant molecule may be
monitored by the changes in this second peak. The peak
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at 600 nm has provided to monitor the presence of a
surfactant molecule in the solution.

Similarly, with AB 83 dye measurements, there was
anew peak formation was observed in the optical density
of RB 19 at 640 nm in the presence of DTAB (Figure 3).
This peak occurrence was related to the presence of DTAB.
The changes in this peak showed the changes of DTAB
concentration and the removal of DTAB could be monitored
by monitoring the changes in this peak.

As seen in Figure 1 and Table 1, AB 83 dye has two and
RB 19 dye has three sulfonate groups and it was reported that
sulfonate groups had negative charges in aqueous solutions
(Caner et al., 2009). Both AB 83 and RB 19 had anionic
nature and there were electrostatic interactions between
dyes and the cationic surfactant DTAB. It is reported that
a cationic surfactant affected the electronic absorption
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Figure 2. The changes in the optical density of AB 83 by
DTAB.
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Figure 3. The changes in the optical density of RB 19 by
DTAB.

spectra of anionic dye solution due to the formation of
surfactant-dye complex and the value of absorption spectra
was decreased in the presence of a surfactant, but there was
not any information about the new peak formation in the
study of Akbas and Taner (2013). It was considered that
these electrostatic attractions caused the formation of the
dye-surfactant complex and the optical density of two dyes
was decreased in the presence of a surfactant. In addition to
this, the dye-surfactant complex formation with RB 19 was
more stable than AB 83 due to the number of sulfonate
groups. The peaks of DTAB-RB 19 dye complex was very
significant (Figure 3), the continuous experiments were
designed with RB 19 and DTAB in order to monitor the
changes in DTAB concentration.

3.2. The effect of pH on dye and surfactant removal by
Sfungi

The removal of dye was monitored at 590 nm after
24 hours in the absence and presence of surfactant DTAB,
on the other hand, the binary removal of the dye-surfactant
complex was followed at 640 nm. As seen in Figure 4, the
fungus removed 10% of dye after 24 hours of incubation in
the absence of DTAB at pH 4 maximally. It was reported that
fungal growth was related to the decolorization activity of
fungi (Borchert and Libra, 2001). Also, it was known that
maximum fungal growth occurred at pH 4-6 (Rousk et al.,
2009). On the other hand, the same fungus showed 100%
dye removal in the presence of surfactant at pH 3.

100
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Figure 4. The effect of pH on Removal (R%) in molasses
medium by 4. versicolor (R% of RB 19: Removal of dye
by only fungi, R% of RB 19 with DTAB: Removal of dye
by fungi in the presence of DTAB, R % of DTAB- RB 19
complex: Removal of dye-surfactant complex by fungi,
DTAB = Dodecyl Trimethyl Ammonium bromide).

Table 2. The effect of surfactant and dye concentrations on RB 19 Removal rate (R%).

C mM
Corame (ML) =455 0.1 ODTAOB.; : 1 2
100 2.63 4.94 98.9 100 100 R %
200 4.29 42.17 73.26 100 100 R %
400 3.71 5.71 5.97 72.31 100 R %
600 3.11 3.24 5.35 35.23 99.8 R %
800 0.65 1.26 2.37 9.52 96.09 R %
C, wssr = Initial Reactive Blue 19 dye concentration (mg/L); C ... = Initial surfactant concentration (mM).
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pH is an important parameter in solutions that contain
oppositely charged molecules. It is known that the charge
of the fungal biomass surface becomes positive at low pH
values (Karatay et al., 2014). Recently, El-Sharaky et al.
(2018) showed that the cationic metal removal efficiency of
an anionic surfactant at pH 6 and the removal process was
related to the electrostatic interactions between metal ions and
surfactant. Servaites et al. (2012) reported that the negative
charged RB 19 dye bound to the positively charged protein
molecules and the presence of negative charged surfactant
SDS had no effect on the binding of RB 19 to the protein
molecules. The RB 19 dye molecules charged negatively
and DTAB became positive in the experimental system of
this study. The surfactant and dye molecules interacted by
electrostatic attractions and the reduction of the number of
dye molecules observed in the flasks which contain only
DTAB and dye, the surfactant and dye complex formed
clusters and flocculated in the molasses medium. It was
assumed that the content of molasses medium encouraged
flocculation of surfactant molecules. Recently, Melo et al.
(2017) reported that some natural ingredients can be used
to form surfactant flocks in order to remove dye called
Direct Yellow 27. In a recent study, similar results were
shown by Melo et al. (2018) and this study was focused
on removal of Reactive Blue 14 dye by ionic flocculation
of surfactants. In the current study, the dye removal by
flocculation process and by only fungal biomass without
surfactant calculated as 98.88% and 2.86%, respectively
at pH 3 (Figure 4). The fungal decolorization was very
low because there was a little change in fungal biomass
after 24 hours. On the other hand, the system included
both fungal biomass and surfactant decolorized 100% of
dye at pH 3 after 24 hours maximally (Figure 4). Also,
there was not any flock formation in the flask containing
solution because the surfactant-dye complex was removed
by the fungal biomass. The results supported that binary
removal of dye and surfactant molecules by fungus took
place in the decolorization process.

3.3. The effect of surfactant and dye concentrations on
bioremoval

The effect of surfactant and dye concentration on
RB 19 removal is given in Table 2. As seen in Table 2,
while the surfactant concentrations were increasing,
the dye removal rate of fungus was increased at all
dye concentrations. Increasing dye concentration from
600 to 800 mg/L the decolorization rates were calculated
as 99.8% and 96.09% in the presence of 2 mM DTAB,
respectively. The decolorization rates were 100% while the
dye concentrations were increased from 100 to 400 mg/L in
the presence of 2 mM DTAB, maximally. Mirmohseni et al.
(2012) studied the biosorption of the same dye RB 19 on
chitosan fibers and reported that maximum RB 19 removal
was 82.1% at 70 mg/L dye concentration. The cell wall
of the A. versicolor fungus used in this study contained
chitin/chitosan (Feofilova, 2010). Recently, Jimenez-Castaneda
and Medina (2017) showed that surfactant modified clays
and zeolite effectively used in wastewater treatment.
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The results of this study supported that the negatively
charged dye molecules were interacted with the functional
components of fungal cell surface such as chitin/chitosan
and the presence of positive charged surfactant DTAB
enhanced these interactions. On the other hand, the removal
of the dye-surfactant complex was determined as 100%
at 2 mM DTAB surfactant concentration in the current
study. Klimiuk et al. (2006) showed that dye-modified
chitin could be used as an adsorbent to remove oppositely
charged surfactants from the water. This current study
resulted that the surfactant molecules removed with the
formation of a dye-surfactant complex by fungus. Also,
the decolorization process finished with the result of 100%
dye removal in a short time period. It is reported that the
addition of surfactants reduced decolorization period and
maintained both time and energy saving (Mnifet al., 2015).
The results of this study showed that usage of surfactants
in wastewater treatment ensure time and energy saving
and also the removal of surfactants and dyes together in
one treatment process as a cost-effective way.

4. Conclusion

The aim of this study was to investigate the binary
removal of dye and surfactant molecules by a fungus
called A. versicolor. Both dyes and surfactants are toxic
pollutants and it is important to remove these pollutants
together. The results of this study showed that the binary
removal of both dye and surfactant molecules effectively
occurred in the experimental design.
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