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ABSTRACT

The aim of this work was to study the degradatind detoxification of three textile azo dyes (Re@ctRed 198,
Reactive Red 141 and Reactive Blue 214) by mixaghficultures from semi-arid region of Brazilian fiweast.
Sediment samples of twenty water reservoirs instieoundings of Serra da Capivara National Parkgarof
environmental preservation in the caatinga in that&of Piaui, with semi-arid climate, were evakdhin order to
select the consortia of fungi capable to degradd detoxify these dyes. The mixed fungal cultuna f@aldeirdo
Escuridao (CE) reservoir was the most efficienthie degradation and detoxification of the dyeseigst
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INTRODUCTION is mainly due to the fact that many dyes are
manufactured from known carcinogens such as
The contamination of pristine waters has been orfgenzidine, naphthalene and other aromatic
of the major problems of modern society. Thecompounds. Thus, the development of treatment
textile industry generates large volumes otechnologies suitable for the removal of color and
wastewater, which if not properly treated, carreduction of toxicity of textile effluents is
cause serious problems of environmentalmportant. The development of decolorization
contamination (Kunz et al., 2002). The pollutiontechnologies depends on a sound scientific
potential of textile dyes and intermediatesknowledge. Given the technical and economic
compounds was first raised due to its toxicity andieeds, several new technologies involving
carcinogenicity that can cause damage to humamysical, chemical and biological agents are being
health and environment (Banat et al., 1996). Thiproposed and tested in various stages of
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commercialization. Meanwhile, a broad validationpromising (Junghanns et al., 2007; Pajot et al.,
and integration of different methods of treatmenf007).

will be needed to make these technologies botBrazil has in its territory a diversity of ecosyst
efficient and economically viable (Anjaneylu etwhose richness is not yet fully known, for
al., 2005). example, the caatinga in the semi-arid region. The
In recent years, several studies have focusedeon tbaatinga comprises almost 10% of the total area of
use of microorganisms that are capable tethe Brazilian territory, with approximately 740,000
biodegrade and/or bioaccumulate toxic compound$ém®. The main characteristic of this semi-arid
(Aksu, 2005). The bioremediation technologyregion is the irregularity of the inter-annual rain
offers several advantages; it can be performed @and its repercussions; the rainfalls are below@,20
site; generally has lower cost and minimummm and the dry season lasts five to six months
inconvenience in the process; eliminates the wast@essis, 1998).

permanently; can be used in conjunction witHn the semi-arid regions, found in tropical
methods of physical and chemical treatments; hauntries, usually the organisms are more resistant
minimal environmental impact and, therefore, haso osmotic pressure and more adapted to specific
good public acceptance, with the regulatoryconditions of pH and salinity. Thus fungi from
encouragement (Boopathy, 2000; Dias, 2000). these regions have become promising targets for
Nevertheless, this process has some limitationbioprospection for possible use in the
Certain chemical compounds are not susceptible tioremediation of areas contaminated by textile
the bioremediation, for example, heavy metalsgyes and other recalcitrant substances (Gusmao
radio nucleotides and some chlorinatedand Maia, 2006). The purpose of the present study
compounds; the time needed to develop effectiveias to evaluate the ability of decolorization and
systems for the target compounds can be long. ketoxification of mixed cultures of fungi obtained
addition, there are problems related to the scple-Urom sediment samples of pristine water reservoirs
from the laboratory to the field. Besides this, inin the semi-arid region of the surroundings of
some cases, the microbial metabolism can produ&erra da Capivara National Park, an area protected
more toxic metabolites that the original compoundy the Foundation of the American Man Museum -
(Boopathy, 2000). Therefore, toxicological tests=UMDHAM, therefore, free of anthropic impacts.
should be applied to track the level of toxicity

resulting from this transformation. In this context

eco-toxicological studies using micro-crustaceaMATERIALS AND METHODS

species of the geniBaphniahave been conducted

(Cooman et al., 2003; Shiny et al., 2005; Han egollection of samples of sediment
al., 2006). Samples of sediment were collected from 20

On account of the efficiency of fungi in the natural reservoirs in the area between the plains

process of decolorization, mainly because of theignd in front of thecuestaof Serra da Capivara, in
enzyme system that enables the degradation 8f€ surroundings of the Serra da Capivara National
various toxic compounds, including those thafark. The sediment samples were collected in
contain aromatic amines in its structure, for nofluplicate in sterile polypropylene tubes with 50
producing material that has to be discardednlL of capacity. They were stored in Styrofoam
Furthermore, the method has generally publi®0x with ice until processed.

acceptance, which makes the treatment usin

- gy - 8 lture Media and Reagents
fungia promising alternative to replace or u 0
complement the conventional treatments (Fu an§abouraud Dextrose Broth (SDE) (1% of peptone

Viraraghavan, 2001). However, more studies argnd 4% of dextrose) with chloramphenicol (400

-1 . .
needed on the ability of fungi regarding.mg L") was used as enrichment medium for

decolorization and detoxification of dyes used b)'/SOIatIng the fungi present in the sediment

the textile industry. Many works relate thesamples. Potato Dextrose Broth (PDB) (20% of
: 0 -
potential for decolorization of fungi from already potato and 2% of dextrose) was used for the pre

impacted areas (Yang et al., 2005; Lucas et al§,elect|on of mixed fungal cultures from the

2006). However, results obtained with fungi fromSedlment samples (Kim et al., 1995; Zheng et al.,

non-impacted areas have also shown to b%9999). Stock solutions of the dyes were prepared

at 5% for the Reactive Red 198 and Reactive Red
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141, both manufactured by DyStar (Brazil), and aby filtering through membrane of 02& and
4% for Reactive Blue 214, manufactured byused in the final concentration of 100 mg. [The
Clariant (Brazil). These solutions were sterilizedchemical structures are shown in Figure 1.
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Figure 1 - Structures of dyes: a. Reactive Red 198; b. ReaBtiue 214; c. Reactive Red 141.

Selection of fungal cultures from the sediment absorbance (Maximo et al. 2003). Decolorization
samples activity (%) was calculated as described below:
Froneah sampl, 20 oSS WSt ity (0 (YA 10
blending for approximately 2 min in sterilized Where: A = initial absorbance and B = observed
stainless steel cup, 2 mL of the mixture wasbsorbance.

inoculated in 400 mL of Sabouraud Dextrose

Broth (SDB) medium with chloramphenicol (400Study of dye decolorization by the selected
mg L) and incubated for at 28 for five days on Mixed fungal cultures _

a rotary shaker (New Brunswich, Innova 4335 The mixed fungal cultures ab_le to decolorlze_ the
USA) at 140 rpm. dye RR198 above 90% and without characteristics
At the end of the incubation, 3 mL of the cultureof adsorption, observed visually, were tested with
was transferred to 100 ml of Potato Dextrosdhe other two dyes, Reactive Red 141 (RR141),
Broth medium (PDB) supplemented with 100 mg/ith maximum wavelength of 548 nm, and
L™ of Reactive Red 198 (RR198), in duplicate andRactive Blue 214 (RB214), with maximum
then incubated at 28 for seven days on a rotary Wavelength of 608 nm. _

shaker at 140 rpm in the dark. Control experiment&liquots of 0.1 mL from the mixed fungal cultures
were conducted incubating PDB medium withou"OWn in SDB, which were previously preserved
fungi with the same concentrations of the dyet —70° C, were used to inoculate 50 mL of PDB
tested.After the incubation, 2 mL aliquots of thednd incubated at 28 for five days on a rotary
cultures were centrifuged at 10,000 x g for 10 mirshaker at 140 rom. Then the cultures were used in
and 0.5 mL of supernatant was diluted 10 times ifn€ same way as described above.

distiled water for analysis using a UV/VIS _ _ _
spectrophotometer (Shimadzu - UV-1601, Japan).Toxicology Evaluation of Culture Medium
The culture medium with dye and withoutAfter Fungal Treatment

inoculum was used as a negative control anaoxmologlca}l tests were conducteq to .evaluate the
medium without dye and without inoculum wasleével of toxicity after dye decolorization by the
used as blank. The maximum wavelength used fépixed fungal cultures, using the test of acute
the absorbance ratios of RR198 was 520 nm. THeXicity with the micro-crustaceadaphnia pulex

spectra were read between 200 to 700 nm dfhe tests followed the OECD 202 protocol
(OECD, 2004).
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Stock ofD. pulexwas originally obtained from the RESULTS AND DISCUSSION

Carolina Biological Supply (North Carolina,

USA). The organisms were cultured in theThe dyes evaluated in the present study were
germination chamber (347 CDG - Fanem, SPchosen as representatives of dyes widely used
Brazil), with constant temperature of 24 °C anccommercially by the Brazilian textile industry.
photoperiod cycle 12:12h. The chlorophyteFrom these dyes, the Reactive Red 198, a
Ankistrodesmus falcatuswhich was grown in monoazo, was chosen to select the fungal cultures
Marine Biological Laboratory (MBL) medium present in the sediment samples due to its less
(Stemberger 1981), was used for feedingoulex complex structure compared to the two other azo
in concentration of 1.0 mg C'.I For the test, 20 dyes, which were used in the second part of the
neonates (24 h old; in two replicates of 10study.

individuals) were used for test concentration. Therhe decolorization activity obtained by the
time of exposure was 24 h under constangelected cultures is shown in Table 1. Five mixed
temperature of 24°C and under light. Using théungal cultures from CBI, CBII, CD, CG and CMZ
static method in which there was no exchange afecolorized 100% of RR198 after seven days
the medium during 24 h. The toxicity factor for 24incubation. From these samples, cultures CG and
h (Thoang was estimated, which was the leasiCMZ showed no dye adsorption by the biomass.
dilution of the sample from which no immobility On the other hand, dye adsorption was observed

or death occurred in more than 10% of theon the biomass of the other three cultures (Table
organisms. 1).

Table 1 - Decolorization percentage of the dye RR198 by &limgltures obtained from sediment samples over 7
days of incubation and their decolorization mectami

Decolorazation

Sediment Samples % decolorization .
mechanism
Caldeirdo da Geladeira (CG) 100,00 Degradation
Caldeirdo da Barriguda | (CBI) 100,00 Adsorption
Caldeirdo da Barriguda Il (CBII) 100,00 Adsorption
Caldeirdo do Desfiladeiro (CD) 100,00 Adsorption
Caldeirdo Manuel Zuza (CMZ2) 100,00 Degradation
Caldeirdo do Abel da Minhosa do Zé Carlos (CAM) 189, Adsorption
Caldeirdo Esquerdo do Fundo do Boqueirdo da Padeal& (BPF) 98,71 Adsorption
Caldeirdo Deolindo Gongo (CDG) 98,07 Degradation
Caldeirdo da Escuriddo (CE) 97,64 Degradation
Caldeirdo do Veado Morto (CVM) 97,13 Adsorption
Caldeirdo da Muricoca (CM) 96,65 Adsorption
Centro de Visitantes (CV) 96,04 Adsorption
Caldeirdo do Perna (CP) 91,60 Degradation
Caldeirdo do Jacinto (CJ) 89,52 Adsorption
Olho d’Agua do Cumbre (OAC) 88,98 Adsorption
Olho d’Agua Gongo (OAG) 87,20 Adsorption
Caldeirdo Apertado (CA) 48,71 Adsorption
Olho d’Agua Serra Branca (OASB) 34,68 Adsorption
Bebedouro do Fundo do Pinga do Boi (BFPB) 26,61 oAatfon
Bebedouro Pinga da Escada (BPE) 7,71 Adsorption

Despite the decolorization of 100%, the culture§he mixed fungal cultures from CAM, BPF, CDG,
that adsorbed the dye were not considere@E, CVM, CM, CV and CP decolorized between
satisfactory because this mechanism is not suitab8)-99% of the dye. Cultures CDG, CE and CP
for long term treatment, since there isshowed no adsorption, in spite of not decolorizing
accumulation of biomass with dye adsorbed that00% of the dye. Mixed fungal cultures from CJ,
eventually will have to be discarded (Pearce et aDAC, OAG, CA, OASB, BFPB and BPE

2003).
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decolorized less than 90% of the dye and adsorbethiaracteristic peak of absorption completely
the dye resulting in red biomass (Table 1). disappeared or a new peak appeared. Therefore,
The results of spectrophotometric analyses frorhased on these results and the fact that they
CG, CMZ, CDG, CE and CP showed that thedecolorized over 90% of the dye with no dye
characteristic peak of the dye was transformed intadsorption, it could be assumed that these five
a new peak (Fig. 2A and 2B) or it disappearednixed fungal cultures degraded the dye RR198.
(Fig. 2C, 2D and 2E). Glenn and Gold (1983) havdhese cultures were then tested with the other two
reported that degradation occurred when thdyes: RB214 and RR141.
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Figure 2 - Espectra resulting from the RR198 degradatiorhbyfive fungal cultures from CP (A),
CE (B), CDG (C), CG (D) and CMZ (E) together wittetspectrum of RR198 control.

The complete disappearance of the characteristitye decolorization could be due to the fact that
peak of these dyes was observed only with ththese two dyes are diazo dyes with a more
fungal cultures from CE (Fig. 3 and 4). complex chemical structure than the monoazo
Despite the fact that the mixed fungal cultures oRR198 has. Nozaki et al. (2008) have
CDG, CG, CMZ and CP decolorized the dyedemonstrated that chemical structure of dyes
RR198 with no dye adsorption by the biomassaffects their decolorization.

these cultures adsorbed the dyes RB214 arsgher et al. (2007) evaluated the dye
RR141 (data not shown). This variation regardinglecolorization efficiency of mixed microbial
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consortia from wastewater treatment plants ofince 25% from the total samples tested achieved
different textile units and concluded that the>90% of decolorization of RR198 (100 mg))L.
microbial consortium is a robust process for thavithout features of dye adsorption by the biomass
bioremediation of textile dye effluents. In another(Table 1). From these cultures, the most efficient
study on textile dye decolorization by microbialwas the CE mixed fungal culture, which presented
consortia the authors characterized the consort@ecolorization for the three dyes tested with no
and demonstrated that they were dominated byye adsorption and transformed the characteristic
yeasts and that the use of fungal consortia wgseak of RR198 to a new peak (Fig. 2B), and
more efficient than traditional biological methodsdepleted completely the characteristic peaks of
or systems using pure fungal strains (Yang et alRB214 and RR141 (Fig. 3 and 4). These results
2009). confirmed that the mixed fungal culture from CE
In the present study, the mixed fungal cultureslegraded the three azo dyes tested.

showed significant potential for decolorization,
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Figure 3 - Espectrum resulting from the RR141 degradationth®y fungal culture from CE
together with the spectrum of RR141 control.
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Figure 4 - Espectrum resulting from the RB214 degradationthy fungal culture from CE
together with the spectrum of RB214 control.

Ecotoxicological tests should be conducted duringhe criterion used for the acute toxicity assayhwit
the biodegradation processes to ensure that tiaphnia pulexwas the toxicity factor for 24 h
products from degradation are less toxic than th€lFp,4ng. The culture medium with the dye RR198
original pollutant (Eichlerova et al., 2007). presented Thans Of 14 that corresponded to 7 mg
Considering that the decolorization is not alwayd.™ of dye. After the treatment with the culture
an indication of successful detoxification, afrom CE the medium had its toxicity reduced to
toxicity test with the dyes before and after theirzero; therefore the detoxification of this dye hg t
decolorization was performed in the presenfungi present in the CE culture was 100% (Table
investigation. 2).
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The remaining cultures were also able to detoxify2). Regarding the dyes RB214 and RR141 the
the dye RR198, yet not as efficiently as CBoxicological test was performed only for CE
culture. The CDG culture reduced 82.1% of dyeulture, given that it was the most efficient ire th
toxicity, and the cultures from CG and CP reducedegradation of these dyes (Table 3) and in
76.4%. The less effective, the CMZ culture,detoxifying the dye RR198 (Table 2).
demonstrated 64.3% of toxicity reduction (Table

Table 2 - TFpns of RR198 before and after the treatment with threrh fungal cultures and the percentage of
toxicity reduction of the dye after fungal treatrhen

Samples TFp(an) Toxicity Reduction (%)
Control RR198 14.0 -
CG 3.3 76.4
CE No toxic 100
CDG 25 82.1
CP 3.3 76.4
CmZ 5.0 64.3

The dye RB214 presented Fips 0f 2 and the dye The fact that there was no reduction of toxicity in
after the treatment with CE culture had aZ;fFof the case of RR141 demonstrated the importance of
1.8, reducing 10% of the toxicity (Table 3).monitoring the toxicity before and after the
Nevertheless, the Bb4n, of RR141 before and after biological treatments and that there was no direct
the fungal treatment with CE culture was 2.6 forcorrelation between the dye decolorization and
both; thus, there was no reduction of dye toxicitydetoxification as already discussed by Vanhulle et
by the fungi present in CE culture (Table 3). al. (2008).

Table 3 - TFpa4ns 0f RB214 and RR141 before and after the treatmathit the mixed fungal culture from CE and
the percentage of toxicity reduction of the dydsrdiungal treatment.

Sample TFp2an Toxicity Reduction (%)
Control RB214 2.0 -
CE 1.8 10.0
Control RR141 2.6 -
CE 2.6 0

Based on these results it could be concluded thatvestigation. We also are thankful to Ludmila R.
the most efficient mixed fungal culture, the CEBergsten-Torralba for helping with the graphics.
culture, was efficient not just in dye degradation,

but also in the detoxification of two dyes tested,
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