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Abstract. Six different fungal species were selected to study the biodegradation of textile
effluent. The physico-chemical properties of the textile effluent showed drastic changes during the
fungal treatment. The pH of all the treated effluents attained neutrality; the total dissolved solids and
Electrical conductivity reduced at the end of the fungal treatment. The turbidity of the treated
effluents increased due to biomass production. UV-VIS spectrophotometric studies were carried over
a range 200-800 nm and the results confirmed the biodegradation of textile effluent on fungal
treatment as evidenced by the disappearance of the peak at visible region.
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INTRODUCTION

Industrial effluents are more complex, containing a mixture of dyes and other
chemicals. In a typical dyeing plant, the major chemical usage includes dyes/
pigments, finishing agents, acids/alkali, surfactants and auxiliaries [4, 18]. Textile
industries consume nearly two-thirds of the total dyestuff market and huge volumes
of water and chemicals are utilized for various processing of textiles [5, 23]. The
textile and dyestuff manufacturing industries are two major polluting sources for
the release of synthetic dyes. Almost 100 liters of water are required to process 1kg
of dyed fabrics [1, 22]. Moreover up to 15% of applied dyestuffs are lost to the
effluents due to an inefficient dyeing process [10, 15].

More than 100,000 dyes are commercially available with a production of
over 7x10° metric tons per year [5, 7, 24]. The discharge of these highly colored
synthetic dye effluents results in serious environmental problems. Even a very
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small concentration of dye in water is highly visible. It affects not only the
aesthetic merit of water, it also reduces water transparency which in turn affects the
photosynthetic activity, thus causing severe damage to the ecosystem [2, 12, 21].
Industrial dyes have been designed and synthesized to be highly resistant to
washing, chemical agents including solvents and environmental factors such as the
action of sunlight, water and microbial attack [14, 16, 25]. In aquatic systems, the
dyes undergo various reactions and the variations in their chemical structures result
in the formation of new xenobiotic compounds, which may be more or less toxic
than their parental compounds [11, 17].

Several physico-chemical methods such as adsorption, irradiation, ion-
exchange, oxidative process, ozonation, coagulation and so on have been used to
decolorize textile effluent but these methods are rather costly, inefficient and
sometimes produce hazardous by-products and sludge [6, 9, 20, 23]. Although
decolorization is a challenging process to the textile industry, the great potential of
microbial decolorizing can be adopted as an effective tool and they are considered
to be sustainable and eco-friendly [3].

In biological removal of color from effluents, the use of fungi or their
oxidative enzymes constitute an alternative mode of treatment in aerobic
conditions. The decolorization can be achieved by two mechanisms, either by
adsorption of the dye to the fungal mycelium or by oxidative degradation of the
dye molecules [16]. The decolorization by fungi using an oxidative mechanism has
the advantage of giving products that are less toxic than the initial dye. Fungal
degradation of dyes was reported to be catalyzed by extracellular enzymes called as
ligninolytic peroxidases [26]. Fungi from basidiomycetes group, known as white
rot fungi, are a heterogeneous group of microorganisms but they have in common
the capacity to degrade lignin as well as other wood components [21]. Ligninolytic
fungi can mineralize xenobiotics to CO, and water through their highly oxidative
and non-specific ligninolytic systems, which are also responsible for the
decolorization and degradation of a wide range of dyes [3, 9]. Many studies were
devoted to biodecolorization of the textile dyes, but less attention has been paid to
textile dye baths in which the presence of salts and high dye concentration may be
inhibitory to biological agents.

MATERIAL AND METHODS

SAMPLE COLLECTION

The textile effluent was collected from the discharge tanks of a textile mill
located in Madurai district, Tamil Nadu, India. The effluent was sampled in dry,
sterile, plastic cans and stored in the incubator at 15°C.
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FUNGAL CULTURES

Six fungi, namely Rhizopus spp., Pencillium spp., Aspergillus niger,
Trichoderma viride, Trametes hirsuta and Trametes versicolor, were selected for
textile effluent degradation. Trametes hirsuta and Trametes versicolor were
procured from microbial type culture collection (MTCC), Institute of Microbial
Technology, Chandigarh, India. Other fungi were obtained from the Faculty of
Agriculture, Annamalai University, Annamalai Nagar, Tamil Nadu, India.

CULTURE MEDIA

Stock cultures of T. hirsuta and T. versicolor were maintained on yeast
glucose agar at 30 °C as mentioned by MTCC. Other four fungi were maintained
on nutrient agar at 30 °C. Subcultures were made periodically. Fresh cultures were
grown separately in 80 mL of sabouraud’s dextrose broth (liquid medium without
agar). The medium contains 40 g of dextrose and 10 g of peptone per liter of
distilled water. The inoculated PET bottles were incubated at 25 °C + 1°C for 10
days.

PHYSICO-CHEMICAL AND DECOLORIZATION STUDIES

After 10 days of incubation, 50 mL of each culture broth were drawn and
added separately to six different PET bottles, each containing 1 liter of textile
effluent. Raw effluent was taken as control. The bottles were aerated for 3 hours a
day at room temperature. To know the effects of fungi on the physico-chemical
parameters of textile effluent, periodic observations (at 24 h interval) on pH,
Electrical conductivity (EC), Total Dissolved Solids (TDS), turbidity and dissolved
oxygen (DO) were made. At intervals of 48 hours, 5 mL of samples were drawn
and analyzed spectrophotometrically using UV-VIS spectrophotometer over a
range of 200—800 nm.

RESULTS AND DISCUSSION

The physico-chemical parameters were carried out at an interval of 24 hours.
The results were plotted as graph and discussed. Drastic changes were observed on
the 6™ and 7™ day of fungal treatment. In the figures, the samples 1, 2, 3, 4, 5, 6, 7
indicate raw effluent, Rhizopus spp., Pencillium spp., A. niger, T. viride, T. hirsuta,
T. versicolor treated effluents. Raw effluent was used as the control sample.
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EFFECTS OF FUNGI ON pH OF THE EFFLUENT

The pH of the effluent affects the physico-chemical properties of receiving
water which in turn adversely affects the aquatic life and human beings. This also
changes soil permeability which results in polluting underground resources of
water. In this present work, all the fungi tolerated the alkaline nature of the textile
effluent (pH 11.5), decreased the pH to neutral and almost maintained the
neutrality till the degradation process completes. In the beginning the pH varies
gradually from 11.5 to 9 up to 6" day of the treatment. On the 7™ day of treatment,
Pencillium spp., Aspergillus niger and Trametes hirsuta treated effluent showed a
drastic fall in the pH. Pencillium spp. reduced the pH from 9.10 to 7.10. 4. niger
decreased the pH from 9.46 to 6.92 whereas T. hirsuta altered the pH from 9.39 to
6.62. Rhizopus spp., Trichoderma viride and Trametes versicolor showed sudden
change in the pH of the effluent on the 8" day of treatment. Rhizopus spp.
decreased the pH from 9.73 to 7.36, the pH of T. viride treated effluent dropped
from 9.41 to 7.09 and T. versicolor reduced the pH from 9.36 to 7.06. Almost on
7" and 8™ day of treatment, the effluent attained neutrality.
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Fig.1. Variation of pH of the effluent on different fungal treatments.

At the completion of degradation treatment, the pH of Rhizopus spp.,
Pencillium spp., A. niger, T. viride, T. hirsuta and T. versicolor treated effluent
were 7.54, 7.43, 6.54, 7.06, 7.12 and 6.69 respectively. Aeration did not cause any
change in the pH of control sample. The alkalinity of the effluent was neutralized
by the extracellular enzymes secreted by the fungi which have greater affinity
towards electron acceptors.

Rani Faryal et al. reported that the Rhizopus spp., and Aspergillus spp., were
predominant genera found in highly alkaline effluent [19].
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EFFECTS OF FUNGI ON ELECTRICAL CONDUCTIVITY OF THE EFFLUENT

Electrical conductivity gives the measure of water conductivity as well as the
indication of the level of inorganic constituents in water. The electrical
conductivity (EC) of the effluent decreased initially up to day 6 of the treatment
and showed a slight increase at the end. The EC of the control sample showed a
gradual decrease from the initial value of 5170 uS/cm to 4490 uS/cm. Rhizopus
reduced the EC to 3840 pS/cm (minimum) on the 6™ day and the value increased to
4000 uS/cm at the end of the treatment.
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Fig. 2. Changes in EC on different fungal treatments.

Pencillium spp. treated effluent reached its minimum of 3940 puS/cm and then
increased to 4020 pS/cm. The EC of 4. niger treated effluent decreased up to 6
day of treatment to a value of 3980 pS/cm and at the completion period, it
increased to 4110 puS/cm. T. viride reduced the EC to 3860 puS/cm during the
treatment and later increased to 4090 uS/cm. The conductivity of 7. hirsuta treated
effluent reached its minimum of 3820 uS/cm on 6" day and the value increased to
4030 pS/cm. T. versicolor decreased the EC value to 3980 pS/cm on 6™ day and it
increased to 4040 uS/cm at the end of the treatment.

EFFECTS OF FUNGI ON TOTAL DISSOLVED SOLIDS

High total dissolved solids (TDS) are one of the major sources of sediments
which reduce the light penetration into water and ultimately decrease the
photosynthesis process of aquatic flora. TDS followed the same trend as EC. On
the 6™ day of treatment, the TDS (mg/L) of Rhizopus, Pencillium, A. niger,
T. viride, T. hirsuta and T. versicolor treated effluent reached their minimum of
2688, 2618, 2646, 2702, 2674 and 2646. At the end of the treatment, the values
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arose to 2800, 2814, 2877, 2863, 2821 and 2828 mg/L respectively. The decrease
in TDS was due to the utilization of dissolved solids by the degrading fungi.
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Fig. 3. Changes in TDS of the effluent on different fungal treatments.

EFFECTS OF FUNGI ON TURBIDITY OF THE EFFLUENT

During the degradation process, the turbidity showed a drastic increase in all
the fungal treatment. Rhizopus spp. increased the turbidity of the effluent from an
initial value of 30 NTU to 58.8 NTU on the final day of treatment. The turbidity of
Pencillium treated effluent increased from 33.8 NTU to 62.0 NTU. Pencillium spp.
treated effluent showed a steep increase on the final day, i.e. from 41.9 to 62.0
NTU. 4. niger treated effluent showed its maximum turbidity of 64.6 NTU on 9"
day when the pH changed from 7 to 6.26 and then the value of turbidity fluctuated.
The turbidity of the effluent treated with T. viride showed a gradual increase from
27.7 to 49 NTU. T. hirsuta showed a maximum turbidity of 83.5 NTU at the end
whereas it showed a rapid increase from 35.9 NTU to 63.0 NTU on 7" day when
the pH changes from 9.39 to 6.62. T. versicolor increased the turbidity to a
maximum of 62.8 NTU on day 9 when the pH was 6.4. On the final day of
treatment, the turbidity reduced to 43.5 NTU.

Increase in turbidity was due to many factors such as biomass and
extracellular enzymes production, production of metabolites on degradation and
also as the result of microemulsion formation [18]. Sukumar et al., 2009 reported
that the biomass production of 7. versicolor was maximum at pH 6.5 when
compared to neutral pH [24]. In all the cases when the pH reached the slight acidic
nature, pH < 6.6, the turbidity got increased. This indicates that pH 6-6.5 gives a
favorable condition for the biomass production (increase in turbidity).
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Fig. 4. Changes in turbidity of the effluent on different fungal treatments.

EFFECTS OF FUNGI ON DISSOLVED OXYGEN

The amount of oxygen currently dissolved in a body of water is termed as
dissolved oxygen (DO). This gas is constantly entering the water from two main
sources: the atmosphere and photosynthesis. Decay of organic waste consumes a
lot of oxygen. Lina ef al., [13], reported that the dissolved oxygen concentration is
very low in the effluent which ranges from 1 to 3 mg/L. These concentrations are
associated with high temperature and high concentration of dissolved solids. Thus,
this indicates the need of aeration to prevent septic condition. In the present study,
aeration was applied to avoid depletion of oxygen in the effluent. The dissolved
oxygen ranged from 6 to 8 mg/L in all treated effluents.
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Fig. 5. Variations in DO of the effluent on different fungal treatments.
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DECOLORIZATION STUDIES

The samples obtained at an interval of 48 hours were subjected to spectral
scan between 200—800 nm. The scan of the raw effluent showed two peaks, one at
visible region (480 nm) and another peak at UV region (219 nm).
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Fig. 6. A. Peak at 480 nm; B. Spectral scan of control and different fungal treated effluents at 48 h.

Within 48 hours of fungal treatment, the peak at 480 nm disappeared; the
peak at 219 nm in the UV region remained as such and as the degradation
progresses, a shoulder was obtained near 270 nm in all the cases except for
T. versicolor treated effluent. On the final day of treatment, the overall absorbance
increased due to the darkening of enzymatic treatment of the effluent [27], but no
peak was obtained at 480 nm. Gurulakshmi et al. [8] and Patil et al. [17] reported
that if dye removal is attributed to dye biodegradation, either the major light
absorbance peak will completely disappear or a new peak will appear. The present
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study reflects the degrading ability of the six fungi and the dye removal was due to
biodegradation.
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Fig. 7. Spectral scan of control and different fungal treated effluent at the end of the treatment.

CONCLUSION

The physico-chemical characteristics of the effluent such as pH, EC and TDS
were much reduced after the fungal treatment. After the fungal treatment, the
effluents attained neutrality and almost maintained the condition till the end of the
treatment. The turbidity of the effluent (all cases) showed a steep increase due to
biomass production in the pH range of 6 to 6.6. As all the samples were aerated,
the dissolved oxygen content was more or less between 6 and 8 mg/L. Thus the
changes in the pH and other parameters show that the acidic pH favors fungal
reproduction and the large production of enzymes. These enzymes are the cause of
color removal in the effluent. UV-VIS spectroscopic studies clearly indicated that
the dye removal was due to biodegradation. Further studies have to be carried out
to identify the metabolites present in the effluent after degradation.
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