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Color Removal of Some Textile Dyes from Aqueous Solutions
Using Trametes versicolor

Bazi Tekstil Boyar Maddelerinin Trametes versicolor ile Sulu
Cozeltilerden Renginin Giderimi
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ABSTRACT

Dyes are used in textile industry frequently. Wastewater treatment with biological methods is effective and
also economic. Trametes versicolor was used to degrade Reactive Blue 19, Acid Black 194, Reactive Orange
12, Reactive Red 120 and Reactive Blue 21in. As a result of the comparison of decolorization percentage, Re-
active Blue 19 (Solazol Blue BB) had the maximum rate as 99%. Optimum pH for decolorization of Reactive
Blue 19 was determined as 4, decolorization was not affected from low temperature, and however decreased
decolorization rate was observed when the temperature increased over 60°C. Increasing dye concentration
effected negatively decolorization process. According to these results, T. versicolor deserves notable atten-
tion for decolorization of dyes in wastewater treatment.
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6z

oyar maddeler, tekstil endistrisinde siklikla kullaniimaktadirlar. Biyolojik yollarla atik sularin aritimi, etkili

bir yontem olmasinin yani sira ayni zamanda ekonomiktir. Bu calismada, Reactive Blue 19 (Reaktif Mavi 19),
Acid Black 194(Asit Siyah 194), Reactive Orange 12 (Reaktif Turuncu 12), Reactive Red 120 (Reaktif Kirmizi 120)
ve Reactive Blue 21(Reaktif Mavi 21) boyar maddelerini biyolojik olarak parcalamak amaciyla Trametes versico-
lor kullaniimistir. Renk giderme ytizdelerinin karsilastiriimasi sonucunda, Reactive Blue 19 boyasinda %99 ile
en ylksek oranda giderim elde edilmistir. Biyolojik olarak Reactive Blue 19 boyar maddesinin giderimi icin en
uygun pH 4 olarak belirlenirken, boya gideriminin distk sicakliklardan etkilenmedigi ancak 60°C'nin Uzerine
¢ikildiginda renk giderme oraninin azaldigi belirtilmistir. Artan boya derisimi renk giderimi slrecini ters yonde
etkilemistir. Elde edilen sonuclara gore, atik su artiminda boyar maddelerin giderimiicin T. versicolor'un dikkat
cekici bir alternatif olabilecedi distintilmektedir.
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INTRODUCTION

t is well known that dyes have been used in

the textile industry. During the manufacturing
process, these chemical agents discharge to the
environment such as lake, river etc.,, Removal
of the color from waste water has been studied
because of its toxic effect to living organisms
as well as to the environmental pollution [1,2].
Presence of dyes in the discharged wastewater,
prevents the light penetration, thus reduces the
photosynthetic activity and dissolved oxygen
concentration. Consisting anaerobic environment
is a disadvantage for aquatic aerobic organisms
[3,4] pH 5-0, glucose at 3-5% (w/v).

Several microorganisms are used for
decolorization studies. One of the most widely
used microorganisms are white rot fungi. Trametes
versicolor is a white rot fungus which provides the
degradation of wood by enzymatic reactions and
consequently, recycle the minerals and nutrients
for itself and the other organisms in ecosystem.
Enzymes which they have; laccase, lignin
peroxidase, manganese peroxidase, tyrosinase are
used for industrial applications such as bleaching,
textile waste water treatment, modifications of
biopolymers and bioremediation [3,5].

Reactive dyes are azo-based chromophores,
which form compounds with different types of
reactive groups. These dyes are binding to textile
fibrils such as cotton with covalent bond differently
from other synthetic dyes. Reactive dyes are widely
used in textile industry due to their bright colors,
rapid dissolution in water and simple applicability.
Soluble reactive dyes constitute problems because
of discharging without treatment. Therefore,
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dye containing wastewaters treatment before
discharging to environment is important [2].

In this study, we investigated decolorization
ability of Trametes versicolor ATCC 200801 of five
different synthetic textile dye Reactive Blue 19, Acid
Black 194, Reactive Orange 12, Reactive Red 120 and
Reactive Blue 21. The highest decolorization rate of
99% was reported with Reactive Blue 19 studies.

MATERIALS and METHODS

Dyes

Solazol Blue BB (C.l. Reactive Blue 19), Neutrilan
Black (C.I. Acid Black 194), Reactive Bright Yellow
(C.l. Reactive Orange 12), Reactive Red C-XDR (C.I.
Reactive Red 120) and Solazol Turguoise Blue (C.I.
Reactive Blue 21) (Figure 1) were obtained from
Piko Kimya Textile Industry and Trade Co. Ltd.
(Istanbul, Turkey). Stock solutions of dyes were
prepared by dissolving the powdered dyestuff
in distilled water for adjusting determined
concentrations. Dye solutions were autoclaved
at 121°C, 15 for 15 minutes before adding to the
growth medium.

Microorganism

The white rot fungus Trametes versicolor ATCC
200801 was obtained from Hacettepe University,
Department of Biology. Trametes versicolor ATCC
200801 was maintained by serial transfers and
kept on Potato Dextrose Agar (PDA) slants at 4°C.

Pre-Incubation of Trametes versicolor

T. versicolor ATCC 200801 was incubated for 7
days at 30°C in PDA slant. After incubation myce-
lium suspension of T. versicolor was prepared
with the sterile saline solution (0.9% NacCl). 5 ml
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Figure 1. Chemical structure of dyes (A) Reactive Blue 19, (B) Acid Black 194, (C) Reactive Orange 12, (D) Reactive Red

120, (E) Reactive Blue 21.
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of mycelium suspension was inoculated into 250
ml Erlenmayer flasks containing Vogel medium.
Vogel medium which was used for T. versicolor
ATCC 200801 growth and decolorization studies
required 20 g glucose, 2 g NH,NO, and 10 ml so-
lution of trace elements per liter [6]. The pH of
the medium was adjusted to 4.7 with 1M HCl and 1
M NaOH. Culture of Trametes versicolor was pre-
incubated for 6 days at 30°C, 150 rpm.

Decolorization Assays

The effects of inoculum concentration (1-5 ml),
initial pH (2-9), carbon sources (glucose, fructose,
maltose, pectin, xylose, starch), nitrogen sources
(NH,NO, peptone, yeast extract, (NH,),SO, KNO,
NH,CI, NaNO,), temperature (10-80°C), agitati-
on rate (0-200 rpm), dye concentration (50-500
mg.L") wereinvestigated.

In order to examine duration of dye decoloriza-
tion, after pre-incubation, 3 ml of inoculum and 1 ml
of 50 mg.L"'dye solution were added to the medium
and incubated at 30°C, 150 rpm. During the incuba-
tion period, 3 ml of samples were taken half-hourly
from flask and the concentration of the dye in the
supernatant was determined by reading the absor-
bance at maximum wave length of determined dye.
After pre-incubation1ml of 50 mg.L" dye solutions
were added to the Vogel medium and incubated in
order to select most biodegraded dye.

Dead biomass was prepared with the purpose
of comparison decolorization activity between
heat-killed and living biomass. In order to obtain
dead biomass, 6" day-old culture was filtered and
washed several times with distilled water. Obtained
culture was autoclaved at 110°C, 25 minutes. 3 ml of
heat-killed culture was added to the 50 mqg.L" dye
solution and incubated at 30°C, 150 rpm.
Uninoculated flasks containing Reactive Blue 19
were used as control samples.

Unless otherwise stated, all flasks were incuba-
ted at 30°C, 150 rpm for 2 hours for decolorization
studies.

Analytical Methods

Dry Weight Determination

Afterincubation, each culture was filtered through
a filter paper using a vacuum pump. Samples were
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dried and dry weights were calculated.

Color Determination

Absorbance measurements were performed using
a Shimadzu UV-1700 spectrophotometer. The
wavelength of maximum absorbance of the dyes
studied was given at Table 1.

Table 1. Maximum absorbance of dyes.

Dyes Color Index
Solazol Blue BB Reactive Blue 19 609
Neutrilan Black Acid Black 194 570
Reactive Bright Reactive Orange 12 364
Yellow
Reactive Red .
C-XDR Reactive Red 120 536
Solazol Turquoise .. tive Blue 21 660

Blue

The percentage of decolorization was determi-
ned with reading the absorbance of supernatant at
specified wavelength. The percentage was calcula-
ted with below stated equation:

Decolorization= (Abs-Abs)x100/ Abs,

Abs_ initial absorbance
Abs_ final absorbance.

RESULTS

Detection of Optimum Incubation Time of
Trametes versicolor for Decolorization

To investigate the optimum inoculation time of
Trametes versicolor, after incubation, every 24
hours decolorization rate and dry weight were
calculated. According to the results, 6" day of
incubation was found suitable for decolorization
studies with 99% removal of dye as given at Figure 2.

Selecting Most Biodegraded Dye

To investigate the most biodegraded dye; Solazol
Blue BB, Neutrilan Black, Reactive Bright Yellow,
Reactive Red C-XDR and Solazol Turguoise Blue
were used in this study. Trametes versicolor co-
uld decolorize Solazol Blue BB at rate of 99% in 2
hours as seen in the Table 2. Thus, Reactive Blue
19 was selected as most biodegraded dye as seen
in Figure 3 and all experiments were carried on
with this dye.
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Figure 2. Reactive Blue 19 decolorization and dry weight of Trametes versicolor.

Table 2. Percentage of decolorization of dyes with
Trametes versicolor.

Dyes Decolorization (%)
Solazol Blue BB 99
Neutrilan Black 83
Reactive Bright Yellow 76
Reactive Red 56
Solazol Turquoise Blue 85

Figure 3. Decolorization of Reactive Blue 19 by Trametes
versicolor after 2 hour incubation at 30°C, 150 rpm (A)
Control; 50 mg.L-1 dye solution (B) decolorized product.

Table 3. Effect of pH on decolorization of Reactive Blue 19.

Selecting Most Efficient Inoculum
Concentration

The dye decolorization experiments were carried
out in Vogel medium with five different inoculum
concentrations; 1 ml, 2 ml, 3 ml, 4 ml and 5 ml.
Most efficient inoculum concentration was deter-
mined as 3 ml and the results are summarized in
Figure 4. According to the results obtained from
these experiments, further experiments were
done with 3 ml of inoculum concentration.

Detecting of Decolorization Time of Reactive
Blue 19 by Trametes versicolor

To investigate the decolorization time, after
incubation every 30™ minutes, a sample was
taken from the decolorization medium and the
concentration of the dye in the supernatant was
determined by reading the absorbance at 609 nm.
Maximum decolorization efficiency (99%) was
occurred at the end of the 2" hour (Figure 5).

Effect of pH on decolorization of Reactive Blue
19

In order to determine determine the effect of
different pH values, initial pH of decolorization
medium was adjusted to 2 between 9. As
indicated in the Table 3, maximum decolorization
was obtained at pH 4. High pH levels affected
negatively the decolorization ability of Trametes
versicolor.

pH 2 3 4

Decolorization (%) 39 66 97
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Figure 4. Effect of initial inoculum concentration on decolorization of Reactive Blue 19 by Trametes versicolor.
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Figure 5. Time course of decolorization Reactive Blue 19 at 50 mg.L™".

Effect of Carbon and Nitrogen Sources on
Decolorization of Reactive Blue 19

To examine the effect of carbon and nitrogen
sources on the dye removal, glucose, fructose,
maltose, pectin, xylose, starch were used as
carbon sources, on the other hand peptone, yeast
extract, (NH,),SO, KNO, NH,CI, NaNO, NH,NO,
were tested as nitrogen sources. As seen in the
Table 4, maximum decolorization was observed at
mediums with glucose (99%), xylose (99%) and
maltose (98%). The most effective decolorization
occurred in NH,NO, (99%) and peptone (97%)
(Table 5). Decolorization of Reactive Blue 19 was
decreased perceptibly with the lack of carbon and
nitrogen sources.

Effect of Temperature on Decolorization of
Reactive Blue 19

Effect of temperature (10-80°C) on decolorization
of Reactive Blue 19 are shown in Figure 6. The
results show that low temperature did not affect
the decolorization, in addition to this, with
increasing of temperature, rate of decolorization

Table 4. Effect of different carbon sources on decolorization
of Reactive Blue 19.
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Carbon sources Decolorization  Dry weight

(%) (g/100 mL)
Fructose 56 0.05
Maltose 98 0.20
Pectin 45 017
Xylose 99 0.25
Starch 86 0.48
Glucose 99 0.27
Without any carbon 40 0.02

source
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Table 5. Effect of different nitrogen sources on
decolorization of Reactive Blue 19.

Nitrogen sources Decolorization  Dry weight
(%) (g/100 mL)
Peptone 97 0.32
Yeast extract 37 0.22
(NH,),SO, 87 0.1
KNO, 31 0.06
NH,CI 86 0.17
NaNO, 51 0.06
NH,NO, 929 0.29
Without any nitrogen 24 0.06

source
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Effect of Agitation Speed on Decolorization of
Reactive Blue 19

Effect of agitation speed (0-150 rpm) on
decolorization of Reactive Blue 19 are shown in
Figure 7. The results show that agitation speed
did not affect the decolorization. In the current
study, Trametes versicolor also has a high
decolorization rate (96%) on the static conditions.
High decolorization yield in static conditions is an
advantage for wastewater treatment due to its
energy conservation.
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Figure 6. Effect of temperature on decolorization of Reactive Blue 19.
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Figure 7. Effect of agitation rate on decolorization of Reactive Blue 19.
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Figure 8. Effect of initial dye concentration on decolorization of Reactive Blue 19.
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Figure 9. Reactive Blue 19 decolorization activities of living biomass and heat-killed biomass.

Effect of Increasing Dye Concentration on
Decolorization of Reactive Blue 19

After the study which continued with 50 mg.L" dye
concentration, 100, 200, 300, 400 and 500 mg.L"
dye concentrations were also tested. As given at
Figure 8, with the increasing of dye concentration,
the decolorization ability of T. versicolor was
decreased.

Decolorization of Reactive Blue 19 with Heat-
Killed Biomass
Comparison of decolorization activity between

dead and living biomass was shown at Figure 9.

Heat killed biomass has a very low decolorization
activity. Beside this, living biomass have a
remarkable bioremoval ability. These results
showed that, Trametes versicolor could decolorize
Reactive Blue 19 through biodegradation rather
than biosorption.

DISCUSSION

The pollution of water, soil and air with toxic
and carcinogenic chemicals is one of the major
environmental problems. This pollution can
cause accumulation of toxic materials in food
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chains. White-rot fungi are one of the important
microorganism which are attracted attention in
bioremoval of pollutants due to their ligninolytic
enzymes, including laccase, manganese
peroxidase (MnP) and lignin peroxidase (LiP) [7].
Trametes versicolor is one of the white rot fungi
which have ability of toxic chemical substance
degradation.

When effects of some parameters were ana-
lyzed in literature, results which are closer and
lower than ours are draw attention. Radha et. al [8]
described optimum inoculum concentration of Pha-
nerochaete chrysosporium a white rot fungi as 2ml.
Some previous studies also indicated that 10 % of
inoculum concentration is sufficient for treatment
of wastewater [9]. As indicated in the Figure 3, our
studies showed that low concentration of inoculum
is also efficient and has a high decolorization rate
(92%).A study performed by Nyanhongo et.al [10]
showed similar results like Trametes modesta had
maximum decolorization of Reactive Blue 19 (98%)
and Reactive Blue 221 100%) at pH 4.5. Similar
observations were described by Chagas et.al. [11]
showed that Phanerochaete chrysosporium could
decolorize Amaranth at pH 4.5 (98.5%). Some pre-
vious studies also indicated that, Trametes versi-
color has similar laccase activity with glucose and
maltose as a carbon sources [12]. Glucose is a com-
monly used and suitable carbon sources for fungi.
However, it is an expensive source for the industrial
area. Hence, researchers are looking for another
carbon sources [13]. Kapdan et al. [14] used starch,
fructose and molasses instead of glucose consider-
ing this situation. Maximum decolorization of Ever-
zol Turquoise Blue G was reached with glucose as
a carbon source. A study reported by Zhang et.al.
[15] was stated that glucose, maltose and cellobiose
were the most suitable sources while sucrose, lac-
tose and xylan were not. In our study glucose also
found to be the most suitable carbon source closer
to the other researches. Nitrogen sources effect ev-
ery microorganism differently. Some white rot fungi
grow and produce enzymes better with limited sup-
ply of nitrogen while some of them show better de-
colorization in nitrogen adequate medium. The de-
colorization yield is depending on the complexity of
dye structure and availability of nitrogen in the me-
dium [16]. When a comparison was made with oth-
er researches, a previous study also showed that

NH,NO, was the most effective nitrogen sources as
our study for decolorization of Aspergillus sojae [17].
Higher temperatures are resulted with high initial
rates of enzymatic reaction[18]. In this study high
decolorization yield was obtained with a wide tem-
perature (10-60°C). In a previous study on the per-
formance of Trametes versicolor, Romera et al. [19]
indicated that T .versicolor has a decolorization rate
over 80% at 25°C. Dhakar et.al. [20] also showed
that Trametes hirsuta can tolerate wide tempera-
ture range (4-48°C) for production of laccase. Tem-
perature is one of the important parameters, which
may influence enzyme activity. Trametes versicolor
has enzymes which show ligninolytic activity like
laccase, lignin peroxidase and manganese peroxi-
dase. According to the results, decolorization of Re-
active Blue 19 was occurred through biodegradation
in our study. Optimum pH and temperature are the
important parameters which the enzyme was sta-
ble and retained its activity [18].

According to the study that performed by
Champagne and Ramsey, 250 rpm was the opti-
mum agitation speed for decolorization of Ama-
ranth dye with Trametes versicolor [21]. Previous
study also indicated that T. versicolor has 88%
decolorization rate at 100 rpm with 4 days incuba-
tion [22] Schizosaccharomyces pombe, Kluyvero-
myces marxianus, Candida sp., C. tropicalis, C.
lipolytica, C. utilis, C. quilliermendii and C. mem-
branaefaciens. In another study on Funalia trogii
by Yesilada et al. [23, 24] showed that the highest
decolorization rate for Astrazon Red FBL dye was
obtained at 100-150 rpm. In our study, results are
showed that decolorization process do not affect
from agitation speed.

The white rot fungi Trametes versicolor ATCC
200801 could decolorize Reactive Blue 19 dye up
to 99% within 2 hours in optimized conditions. De-
colorization activity decreased with increasing of
pH. Optimum pH was determined as 4. Decoloriza-
tion ability of T. versicolor was changed with dif-
ferent carbon and nitrogen sources. Reactive Blue
19 removal yield was found 99% at xylose and
glucose bearing medium and followed by maltose
bearing medium (98%). The highest decoloriza-
tion (99%) rate was observed with NH,NO, as a
nitrogen source. Decolorization was decreased at
higher than 60°C. Agitation speed did not affect
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the removal of Reactive Blue 19. Decolorization
yields decreased with an increase in dye concen-
tration. Heat-killed biomass could decolorize the
dye at very low percentage. This result showed
that decolorization of Reactive Blue 19 dye oc-
curred through biodegradation mechanism. Fur-
ther studies should be performed which lignino-
lytic enzyme involved in decolorization processes.
Consequently, our results showed that Trametes
versicolor is an efficient microorganism for textile
dye containing wastewater treatment.
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