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ABSTRACT

The presence of a very small amount of dyes inm{&es than 1 ppm for some dyes) is highly vistnhe affect
the aesthetic merit, water transparency and gabisity in lakes, rivers and other water bodies asda result of this, the
removal of the colour and the chemicals presentvater is necessary. This research work is thereddmeed at the
decolourization and degradation of dyes by fungiaed from industrial effluents. Nine fungi out tefenty isolates that
were isolated from the effluent and soil sampldkected from the premises of textile manufacturamgl dyeing industries
were used for the biodecolourization experimentsese fungi includes Aspergillus terreus, Fusaridatciferum,
Neurospora sitophila, Candida valida, Candida @alisspergillus melleus, Saccharomyces uvarum, Riamc expansum
and Penicillium atrovenetum. The decolourizationd atlegradation studies were carried out using UVibMas
spectrophotometer. The results obtained showedath#tie isolates used had potential of being Usediecolourisation
experiment. Six out of the nine isolates used cacolburise disperse blue 56 to about 60% and @ghf nine can
decolourise cibacron deep red to about 60% andeatithin four and six days respectively while otdemonstrated less
than 60% decolourization for both dyes within faund six days. The highest decolourization of 72.0286 recorded for
Aspergillus melleus on day six for Disperse blug ®6ile Neurospora sitophila had the highest biottaarization of
83.6%o0n day 2 for Cibacron deep red dye. Thus,ptitentials of these isolates can be employed indilgtfor the

treatment of dye effluent.
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INTRODUCTION

Population expansion, rapid urbanization, induktaad technological expansion often lead to germrabf
untreated or partially treated wastes which arésardminately discharged directly or indirectly anthe environment,
rendering the water resources and soil unwholesamdehazardous to man and other living systems (Banal., 1996;
Singh and Singh, 2010). Textile industries are tbimmost countries and have shown a significaciteiase in the use of
synthetic complex organic dyes as the colouringenas. Large numbers of chemicals, including dyesused in textile
industries and the annual world production of testis about 30 million tonnes requiring 700,000ns of different dyes
which cause considerable environmental pollutioobjgms (Cripps et al., 1990). About 10-15% dyesrateased into
processing water during this procedure (Selvam.e2@03). Dyes may also significantly affect prmtothetic activity in
aquatic life by reducing light penetration intepséind toxic to some aquatic fauna and flora due¢hto presence of
aromatic, metals, chlorides e.t.c (Dhaneshavat.e2@07). It is therefore important to monitor acahtrol the effluents

from these industries.
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The treatment of textile effluent is of interestedio their toxic and aesthetic impact on receiwaer. Though,
physical and chemical treatment techniques ardycastl lack effective colour reduction and sengitito many variables
waste water input (Banat et al., 1996). Howevecgrafiial decolourization is seen as cost effectivthod of removing
these pollutants from the environment (Ogunjolalet2012) and studies have shown that some migamisms (bacteria,
fungi, algae and yeasts) are capable of effectidebolourizing wide range of dyes (Fu and Viragl2091).Many studies

have shown that fungi have the potential of treptimstewater from textile industries (Ramyaet2007).

Therefore the major objective of this study is &tedmine the microbial degradation / decolourizatid textile

dyes, Disperse blue 56 and Cibacron deep red g fishgi isolated from textile effluents.

MATERIALS AND METHODS
Collection of Samples

Textile effluents and soil samples were collectesinf discharging sites of a textile manufacturingnpany at
Ikorodu in Lagos State and also from a local textijyeing centre in Abeokuta, Nigeria by random damggdrom a depth

of 5to 10 cm into a sterile glass bottles and kepice for further study.
Determination of Physico-Chemical Parameters of th&ffluent

The digital pH meter and thermometer were useceterchine the pH and temperature of the effluergpeetively.
The Biological Oxygen Demand (BOD) was determinethgi BOD Trak instrument and the Chemical OxygemBed
(COD) was also determined by using the standardtitih method of potassium dichromate with ferramsmonium

sulphate solution.
Isolation of Microorganisms

Isolation of microorganisms from the textile efffie and soil samples was carried out by using Iséitistion
method and pour plate techniques on Nutrient agdr Rotato Dextrose agar for bacteria and fungieesgely. The
morphologically distinct colonies were sub cultutedbtain pure isolates and stored on agar slants.

Screening for Isolatesdye Decolourization Potentiand Characterization

The pure microbial isolates were tested for thg® decolourization properties by culturing them dye-agar
medium with the composition: MgSQH,0O 0.1%, KHPO, 0.1%, CaG 0.1%, FeSQ0.05%, NHNO; 0.1%, (NH,),SC;,
K,HPQ,, Glucose 0.05% and Agar 2% according to SumattiRiratak, (1999). Those microorganisms capableavity
on this medium were further purified. They weretatharacterized and identified using their morpgimal, physiological

and biochemical properties as earlier describedbygzh et al. (1980).
Preparation of Dye Stock Solution

The stock solutions were prepared by dissolvinggsaieach dye in 0.09% (w/v) NaOH. The preparatiwase
filter sterilized using membrane filtration methddyes absorbance was determined spectro photocalgtrirom the
prepared stock solution using Scanning UV spectrtgoheter (GENESYS 10 UV). The maximum absorbandRigerse
blue 56 was 230nm while that of Cibacron deep rad 224nm
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Decolourization Experiment

The decolourization experiment was set up in 5@oniical flasks corked with cotton wool, containia@ ml| of
dye decolourizing medium and the 13 ml of the dgpelssolution, inoculated with 7 ml of the 24 hald broth culture of
the isolated microorganisms, to make up 40 ml. @bfiasks without any culture were also set updach of the dyes to
serve as control. The flasks were incubated aeatihiat room temperature for six days; samples wetkdrawn on the
second, fourth and six day to determine the degfekecolourization. The residual dye content watemsined by taking
the absorbance reading of the supernatant of theplsa after centrifugation at 4,000 rpm for 20 nb@suto remove

microbial cells. The fungi count for yeast and fahgiycelia weight were also determined.
Analytical Method

The degree of dye decolourization was measuredtrepboto metrically from the residual dye contentda
calculated from the absorbance value obtained sgaire uninoculated control % Decolourization= (Adfnce of

uninoculated — Absorbance of inoculated dye brodhgorbance of uninoculated dye broth
Determination of Fungal Mycelia Weight and Yeast Cant

This was carried out by taking out 5 ml of the deadzation experiment samples and their subsedfilenation
through apre-weighed filter paper. The filtrate Water dried in oven at 4G until a constant weight was obtained.
To determine the yeast count, 0.5mL of the sample gultured on already prepared yeast agar platag apread plate

method, incubated for 24 hours af@fter which plate counting was done.
RESULTS

The physicochemical properties of textile dye effits (Table 1) showed that the effluent from textidustry in
Ikorodu had the highest BOD of 270 mg/l and thedsinCOD of 1200 mg/l with pH and temperature oBl&hd 39°C
respectively. The effluent from local textile dygioentre in Abeokuta had the lowest BOD of 106 ragd COD of 3200
mg/l. The effluent from Lagos textile industry hB®D of 125 mg/l and had the highest COD of 4000Imith a P! of
11.3 and temperature of 4C.

A total of nine isolates (Table 2) obtained frone ttreening on dye decolourizing medium were fuBgit of
nine fungi isolated, two were Candida valida wilile rest include Aspergillus terreus, Fusariumdifacum, Neurospora

sitophila, Aspergillus melleus, Saccharomyces uveand Penicillium expansum.

Table 1: Physico-Chemical Properties of the Textil®ye Effluents

Parameter | ITI ABK | UTI

BOD (mg/l) | 270| 106| 125
COD (mg/l) | 1200] 3200 400D
pH 108 | - | 11.3
Temperaturd 3@ | - | 4°C

Key:
ITI- Effluents from textile industry lkorodu U TI- Effluent from textile industry, Lagos
ABK- Effluents from local textile dyeing cente in Abeokuta
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Table 2:

Key:

SSA: Soil sample from Abeokuta ESA: C- Effluent samle from Abeokuta

#ydele A. A Bakare M. A & Agboola J. O

Fungal Isolates Used for Dye Decolourizingxperiment
Isolate Type | Source(s)

Aspergillus terreus SSA

Fusarium flocciferum SS1

Neurospora sitophila | Moulds| SS12

Aspergillus melleus SSuU2

Penicillium expansum SsSuU4

Penicillium atrovenetun SSuU5

Saccharomyces uvarum Yeast SSU3

Candida valida ESA, SSU

SSI: Soil sample from textile industry, Ikorodu SSU D- Soil sample from textile industry, Lagos

In Table 3, the percentage decolourization of digpdlue 56 by the fungal isolates showed thaBataurs, all

the isolates had percentage decolourization lems 89%. However, at 96 hours, there was an incramaslee colour

reduction as all the isolates were found to haweolderization greater than 50%. In addition, aftdd hours, all the

isolates had percentage greater than 50% with Aleage(SSU) showingthe highest percentage of 7Xdlkiwed by C.
valida (ESA) 70.0%, P. atrovenetum (SSU) 64.0%expansum (SSU4) 63.8%, S. uvarum (SSU) 63.7%0Eciferum
(SSI) 63.3%, A. terreus (SSA) 58.5% while the loyarcentage of 55.0% was observed in both N. lita{&SI2) and C.

valida (SSU).

Table 3: The Percentage Decolourization of Disperdglue 56 Dye by the Fungal Isolates

Key:

Duration of Treatment

48 Hours | 96 Hours | 144 Hours

ungal Isolates

A. terreus (SSA) 34.6 57.8 58.5
F. flocciferum (SSI) 25.9 62.3 63.3
N. sitophila (SSI) 35.6 57.0 55.0
C. valida (ESA) 29.0 63.6 70.0
C. valida (SSU) 33.6 66.9 55.0
A. melleus (SSU) 39.5 64.0 72.0
S. uvarum (SSU) 36.4 65.1 63.7
P. expansum (SSU) 28.4 61.3 63.8
P. atrovenetum (SSU) 27.2 55.4 64.0

SSA: Soil sample from Abeokuta ESA: Effluent samplédrom Abeokuta
SSI: Soil sample from textile industry, Ikorodu SSU Soil sample from textile industry, Lagos

The pH of experimental set up for disperse bluely$ as the decolourization proceeds (Table 4) stdtet the

pH for all the fungal isolates ranged from 6.6 €081

Table 4: ThepH of Experimental set up for Disperse Blue 56 as theecolourization Proceeds

Duration of Treatment

48 Hours | 96 Hours | 144 Hours

ungal Isolates

A. terreus (SSA) 7.9 8.6 7.9
F. flocciferum (SSI) 6.9 6.9 6.9
N. sitophila (SSI) 7.9 8.5 8.2
C. valida (ESA) 6.7 6.7 6.7
C. valida (SSU) 6.7 7.2 6.9
A. melleus (SSU) 6.6 7.1 6.3
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S. uvarum (SSU) 7.9 8.6 8.1
P. expansum (SSU) 7.9 8.6 8.0
P. atrovenetum (SSU) 7.1 8.6 8.2
Control 10.7 10.7 10.8

g?&: Soil sample from AbeokutaESA: Effluent samplérom Abeokuta
SSI: Soil sample from textile industry, IkoroduSSUSoil sample from textile industry, Lagos
The percentage decolourization of cibacron deemlyedby fungal isolates (Table 5) revealed thattalisolates

decolourized cibacron dye to about 60% after 48rdaxcept F. flocciferum (SS1) which was 59.7%. THighest
percentage (83.6%) was observed with A. melleudJ{Sthile the lowest (28.9%) was observed with Sarum(SSU).
At 144 hours of fungal decolourization, S. uvar®${) had the highest percentage of 51.6% whildotest 37.9% was
observed in P. atrovenetum (SSU). Generally, tleoldarization capability of the fungal isolates desses as incubation
period increases with the exception of N. sitpht. valida(SSU), S. uvarumand P. expansum wihicteased after 144

hours.

Table 5: The Percentage Decolourization of Cibacro®eep Red Dye by the Fungal Isolates

Duration of Treatment
48 Hours | 96 Hours | 144 Hours
Fungal Isolates

A. terreus (SSA) 66.9 50.3 44.6
F. flocciferum (SSI) 59.7 44.8 41.4
N. sitophila (SSI) 83.6 39.7 45.0
C. valida (ESA) 69.4 46.6 45.5
C. valida (SSU) 62.6 46.7 51.2
A. melleus (SSU) 69.6 50.9 47.1
S. uvarum (SSU) 65.4 28.9 51.6
P. expansum (SSU) 69.4 33.2 51.2
P. atrovenetum (SSU) 67.3 45.8 37.9

Key:
SSA: Soil sample from Abeokuta ESA: Effluent samplédrom Abeokuta
SSI: Soil sample from textile industry, Ikorodu SSU Soil sample from textile industry, Lagos

Table 6: The pH of the Experimental set up for Cibaron Deep Red Dye as the Decolourization Proceeds

Duration of Treatment

48 Hours | 96 Hours | 144 Hours

Fungal Isolates

A. terreus (SSA) 8.0 8.4 8.2
F flocciferum (SSI) 7.0 7.5 7.2
N. sitophila (SSI) 7.7 8.6 8.4
C. valida (ESA) 6.7 7.3 6.8
C. valida (SSU) 6.7 7.0 6.9
A. melleus (SSU) 6.6 7.4 6.9
S. uvarum (SSU) 7.8 8.6 8.0
P. expansum (SSU) 8.6 8.6 7.8
P. atrovenetum (SSU) 7.9 4.5 7.8
Control 9.6 6.7 9.7

Table 6 shows the pHof the experimental set upCibacron deep red dye during decolourization pracéhe
result showed that the pH of the decolourizationcpss with the fungal isolates at 48 hours, 96 svamd 144 hours
ranges from 6.6-8.6, 4.5-8.6 and 6.8-8.4 respdgtive
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Figure 1: The Fungi Mycelia Weight Per 20 Ml of theDecolourization Experiment set up for Disperse Bla 56 Dye

Fungal growth during disperse blue 56 dye decatation showed increase in mycelia weight as the
decolourization progresses at 48 hours. This wes a@bserved at 96 and 144 hours (figure 1). A.auslhad the highest

mycelia weight of 0.07g and 0.06g respectively @il expansum had the lowest mycelia weight ofg.01
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Figure 2: The Fungi Mycelia Weight in Gram (Per 20MI) of the Decolourization
Experimental set Up for Cibacron Deep Red Dye
Figure 2 shows the fungal mycelia weight in gram2&ml of the decolourization experiment setupGivacron
deep redN. sitophila (SS12) andP. atrovenetum (SSU5) had the highest microbial weight at 48 bouhile P. expansum
(SSU4) had the lowest mycelia weight at both 96rfi@md 144 hours.

The fungal counts for the yeastSafdida valida and Saccharomyces uvarum) used in this work showed high
counts at 96 hours while they continued to reducmeubation period increases in the biodecolotidreof Disperse blue

56 experiment while the same thing was also obsgenith Cibacron deep red dye (results not shown).
DISCUSSIONS

The result of Physico-chemical parameters espgdglD and the COD of the three textile effluentsaited
from this study varies greatly from each other. B@D of the effluent from Ikorodu was above the B@/I interim

effluent limitation guideline in Nigeria by FEPA421) confirming the high polluted nature of thelwdht which upon

Impact Factor (JCC): 2.9459 NAAS Rating.74
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release into the water body will have a significanvironmental and health impact. The high BOD @@D recorded
with Abeokuta effluent, which is from a local tdetidyeing centre confirmed the fact that effluerdnfi local textile
industries are always discharge into the envirorinveithout treatment. The pH of the effluent ind&s that the

wastewater is at high alkaline level while the tengpures were not too high.

The fungal isolates used in this work were abléitwecolourize the two dyes used in this work. Tésults
obtained from the biodecolourization of the textilges by the isolates have shown the abilityCahdida species to
metabolize dyes as reported by De Angelis and Bads (1987).Yangt al. (2003); Polman and Breckenridge (1996) also
reported the decolourization capability &enicillium and Aspergillus species respectively. Biodecolourization of
Bromophenol blue and Congo red Aspergillus flavus has also been reported by Singh and Singh, (2@y@ndele and
Ademola, (2012) also reported the biodecolourizatib Cibacron scarlet and Remazol blue dye€aydida, Penicillium

andRhizopus species.

The slower rate of biodecolourization of disperégelb6 by the fungi may be attributed to the higbleaular
weight of the dye, structural complexity or thoggamism have not been able to adapt to the newament but when
incubation period was extended, the fungal isolatee able to adjust and actively degrade or abgwlilye. The high
rate of absorption of the cibacron deep red dyéhbyorganism might be due to structure of the dganolecular weight
or the treatment with NaOH making the absorptioacpss very fast while its gradual decrease afteexd@nsion of
incubation might be due to the production of intaby substance by the organism. The ability ofitwdates to remove the
colour to a larger extent after 48 hours is of gheerest. Sarnack and Kaneker, (1995) reportatttte incubation period
of five to seven days is quite long and unsuitdbieany industry for actual application purposajstsome of the isolates
used in this study can therefore be used for im@istpplication because they were able to decaewgreater percentage
within 96 hours. The greater percentage of dec@ation observed after 96 hours might be due taattsorption of dyes
to the microbial cells surface because changekarcolour of the fungi mycelia was observed, Knepal., (1995) and
Singh and Singh, (2010) also reported that adsorpif dyes to the microbial cell surface is thenay mechanism of
decolourization by fungi. Likewise the study showdt the degradation of each dye by the isolategifferent, the
extension of incubation periods favour some isslatedisperse blue 56dye solution and does notufatfmse isolates in
theCibacron deep red dye solution probably becatisiee secretion of toxic or inhibitory substangethe organisms or

the structures of those dyes.

The decolourization in relation to the pH from thisidy partly confirmed the report by Chang and K2@00)
that increase in pHcan lead to an increase ingheific decolourization rate which was also obsernvethis study because
the pH range was between 7.0 to 9.0. This showat ributral and basic pH value would be more favdardor
decolourization of dye by the fungi using theseetypf dyes. Thaht al. (2013) also reported that neutral pH supported

bacterial activity to decolourize Remazol BlackrBliguid medium.

The increase in the fungal mycelia weight obsemedng the decolourization process may be duetteethe
growth of the fungi or the absorption of the dyette fungal mycelia which can also contribute teitincreased weight.
Decrease or absence in the weights of mycelia aftezxtension in the incubation period might be @uthe secretion of

toxic or inhibitory substance produced within trezdlourizing medium
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CONCLUSIONS

This study has confirmed the potential of microoigm to decolourize and degrade different typedyafs and

thus, this method can be employed as a cost eféentethod in the treatment of dye effluents.
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