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Abstract

A screening using several laccase mediators (dibbis(3-
ethylbenzthiazoline-6-sulfonic acid (ABTS), 1-hygybenzotriazole (HBT),N-
hydroxyacetanilide (NHA), 2,2,6,6-tetramethylpigkn-1-yloxy (TEMPO) and
violuric acid (VA)) was performed on the degradatiaf threereactive textile dyes:
Reactive Black 5 (RB5), Reactive Blue 114 (RB11#4d &Reactive Yellow 15
(RY15). ABTS was the most effective mediator argléfficiency depended on the
type of dye and also on the pH, temperature and ®\Bdncentration. The optimum
temperature and pH values were found at 35°C ahdréspectively. ABTS has no
effect on the decolourisation at low dyes concdéiatna, except for RB114 where at
lower concentrations it promotes the best decddation (93%). High concentrations
of ABTS inhibited the decolourisation.
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1. Introduction

In textile industry, colour is applied to finishgaoducts through dyeing,
resulting in the generation of different wastewstdthe final effluent contains many
unfixed dyes with a high intensity of colour. Altngh one sees the “colored” waste in
the textile effluent, the waste, in fact, may cehsif hundreds of different hues, as
they exhibit light absorbance in the wavelengthgeaof 350 to 500 nm. Dyes used in
the textile industry are designed to resist exposarsweat, light, water, oxidizing
agents and microbial attack (Wesenberg et al. 2008 classes of dyes that can be
used in textile industries include acid, basicediy disperse, mordant, reactive, sulfur,
azoic, and vat dyes.

Textile industries release during the process lapg@ntities (about 10%) of
intensely coloured and toxic effluents (Young and, ¥997), which cause serious
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environmental pollution. The rivers depend on tleelour and on the clarity of water.
This means that even minor releases of colourelesits (1mg/L) may cause
irregular coloration of surface waters as well aspbllute the water with toxic
compounds. The dyes change the absorption andtrefieof sunlight on the water
creating problems to photosynthetic aquatic plaatsl algae. A number of
biotechnological approaches have been suggestadwiential interest in combating
this pollution source in an eco-efficient mannere@&nberg et al., 2003). It is known
that lignolitic enzymes (e.g. Mn peroxidise, Ligrperoxidise and laccase) could be
used to decolorize textile dyes (Couto and Sanror2a@05) as well as kraft pulp
(Gamelas et al. 2005; Tavares et al. 2004).

Laccases which are highly regarded to be enviromatignfriendly are
considered to be an attractive technology for dgwekent of new methodologies of
dye degradation from textile industries. Laccase isuproprotein belonging to a
small group of enzymes denominated blue oxidasescdse (E.C. 1.10.3.2»
benzenediol:oxygen oxidoreductase) is an oxidoradec able to catalyze the
oxidation of various aromatic compounds (partidyl@henols) with the concomitant
reduction of oxygen to water. In general, laccasdsbit four copper atoms, which
play an important role in the enzyme catalytic natbms (Thurston, 1994).

The enzymatic treatment with enzymes from funguslza simpler and more
efficient than the traditional physical-chemicaatments such as adsorption or ionic
exchange resins (Karam and Nicell, 1997). In rettagn of these potential
advantages, recent research has focussed on telpleent of enzyme processes for
the treatment of textile wastewater. The enzymes laghly selective and can
effectively treat the wastes. They are less likelye inhibited by substances which
may be toxic to living organisms and their costldaventually be lower than that of
other methods if commercially available enzymes @educed in bulk quantities.
Specific mediators usually denominated by mediateddiems, are being searched by
investigators to extend the number of dyes dec@dri Considerable resources were
exploited in the quest for a cheap, non-toxic medighat could be used on an
industrial scale (Potthast, 2001).

2. Materialsand M ethods

2.1. Chemicals and enzyme

Textile Dyes reactive black 5 (Remazol Black B), reactive gell 15
(Remazol Yellow GR) and reactive blue 114 (Levdlliant Blue E-BRA) were
kindly provided by DyStar (Portugal).

Enzyme Commercial laccase (Denilite base Il; 800U/g)nirgenetically
modified Aspergilluswas kindly provided by Novozymes.

Enzyme Mediators 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic idc
(ABTS); violuric acid (VA); N-hydroxyacetanilide (NHA); 1-hydroxybenzotriazole
(HBT) and 2,2,6,6-tetramethylpiperidin-1-yloxy (TEND) were supplied by Sigma-
Aldrich.
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2.2. Mediator screening

The reaction mixture for mediator screening coesligif an aqueous solution
of each dye (50 mg/L), laccase (0.2 U/mL), redoxdia@r ABTS; HBT; TEMPO;
NHA and VA (0.1 mM) and 50 mM phosphate buffer (p19) in a final volume of 25
ml. The reactions were incubated at 25°C withisgirduring one day (necessary time
to attain the equilibrium). A control without methawas carried out in parallel.

2. 3. Dye decolourisation experiments

To study the effect of temperature and pH on des®ation of the three
textile dyes, the dyes, 0.1mM of ABTS as mediatad the commercial laccase were
incubated in 25 mL Erlenmeyer flasks under stirrthging one day. The effect of
temperature was studied in phosphate buffer (50mMI)5. The dye solution was
incubated at different temperatures. The effeqitbfwas studied by the incubation of
dye solution in the following buffers: 50 mM of @te/phosphate for pH 3.0 and 4.0;
50 mM of phosphate for pH 5.0 and pH 6.0. To deteenthe effect of ABTS
concentration, different concentrations were tested

2.4 Deter mination of dye degradation

Dye decolourisation was determined by monitoring ttecrease in the
absorbance peak at the maximum wavelength for égehreactive black 5 (579nm),
reactive yellow 15 (416nm) and reactive blue 11493(bBn). UV-visible
spectrophotometer (Thermo, model UV1) was used ih experiments.
Decolourisation is reported as: % decolourisatiofA=— As)/A; x 100, where Ais
the initial absorbance and & the final absorbance of the dye.

3. Results and discussion

The experiments with laccase and without a medidithnot decolourise any
dye along incubation time. However when a redox iated was introduced, the
catalytic mechanism of decolourisation started ddpg on the dye and on the
mediator. The mediator screening showed that ABBS & more effective mediator
than the others for the oxidative degradation efrdactive textile dyes (table 1).

Table 1 — Mediator screening for reactive dye degian by laccase.

Dye degradation (%
Reactive Dye Y J )

No mediator HBT ABTS TEMPO NHA VA

RB114 ND' 0.3 70 ND 15 5.0
RB5 ND 0.2 42 15 ND 2.5

RY15 ND 2.7 21 2.0 0.8 0.2

2ND, not detected.

The decolourization by LMS is very sensitive to parature and pH,
depending on the kind of dye. The optimum tempeeatund pH for decolourisation
were 40°C and pH 5.0-5.5, respectively, with a maxn decolourisation above 80%
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for RB114 (Figures 1 and 2). At lower temperatu28°C) no decolourisation was
observed, except for RB5 (36%), as well as at Igse(pH 3.0).
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Figure 1 - Effect of pH on the decolourisation lné reactive dyes: Blue 114 (RB114), Black 5 (RB5)
and Yellow 15 (RY15) by laccase mediator system.
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Figure 2 - Effect of temperature on the decolotigseof the reactive dyes: Blue 114 (RB114), Black
(RB5) and Yellow 15 (RY15)by laccase mediator syste

The decolourisation of all dyes was very depen@@nABTS concentration.
When high ABTS concentrations were employed (alib2emM), lower or none dye
degradation was observed. The optimum ABTS conatoir for RB5 and RY15
decolourisation by LMS was 0.1mM with colour redonts of 73% and 76%,
respectively. The best absorbance spectrum for BRBA4s obtained with ABTS
0.001mM where a very low absorbance was detectedt all spectrum, with a
decolourisation of 87%.

These results are very promising and reveal thé pigtential of LMS to
reactive dye decolourisation. So, LMS can be used tfeating textile dying
wastewaters, particularly as a polishing processvider recycling.
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