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Discharge of textile wastewater containing toxic dyes can adversely affect aquatic organisms and
human health. The objective of the study was to investigate the potential of immobilized marine
microalgae (Chlorella marina, Isochrysis galbana, Tetraselmis sp. Dunaliella salina and
Nannochloropsis sp.) and freshwater microalga (Chlorella sp.) in removing dye from textile wastewater
(TW). The present study incorporated the use of 2% sodium alginate matrixes for decoloration. Among
the algal species tested, the highest colour removal was noticed in Isochrysis galbana (55%) followed
by freshwater Chlorella sp. (43%). The present method is easy to use, cost effective and devoid of
technical problems.
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INTRODUCTION

Biosorption is one of the most innovative technologies to
remove contaminants from the aqueous solution and
wastewaters. Textile industrial wastewaters are charac-
terized with high amount of biochemical oxygen demand
(BOD), total suspended solid (TSS), chemical oxygen
demand (COD), alkalinity and total dissolved solids
(Kaushik and Malik, 2009). Therefore, degradation of
wastes from these industrial discharges becomes difficult
(Fewson, 1998). These dyes cause problems to human

health, because they have toxic, carcinogenic and even
mutagenic compounds that pose a serious hazard to
aquatic organisms (Ozer et al., 2005). Dyes can be
segregated as anionic (direct, acid and reactive dyes);
cationic (basic dyes); and nonionic (disperse dyes). The
chromophores in anionic and nonionic dyes mostly
consist of azo groups or anthraquinone types.
Anthraquinone based dyes are more resistant to
degradation due to their fused aromatic structures. The
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metal complex dyes are mostly based on chromium. Dye
wastewater is usually treated by physical or chemical
treatment processes. These include flocculation
combined with flotation, electro flocculation, membrane
filtration, electro kinetic coagulation, electrochemical
destruction, ion-exchange, irradiation, precipitation,
ozonation, and katox treatment method involving the use
of activated carbon and air mixtures. However, these
technologies are generally ineffective in color removal,
expensive and less adaptable to a wide range of dye
wastewaters (Banat et al., 1996). Adsorption, especially
immobilization has been observed to be an effective
process for color removal from dye wastewater because,
immobilization of the biomass overcomes many of these
problems. Amongst the various immobilization methods,
encapsulation (whereby the biomasses are enclosed
within a polymeric matrix) is one of the most commonly
used methods. In addition to that, the immobilization
matrix is suitable for practical use in biosorption; it must
be mechanically strong and chemically stable to with-
stand actual process conditions. Mass transfer consi-
derations are also of paramount importance: the matrix
must be sufficiently porous to enable diffusion of the
sorbate to the sorbent surface. The ability of the gel
matrix to facilitate diffusion of sorbate is also influenced
by the size and shape of the immobilization gels (Jen et
al., 1996). Microalgae have been shown to be capable of
removing colour from various dyes through mechanisms
such as biosorption, bioconversion and bioagulation
(Khalaf, 2008), microalgae can be a better choice for
bioremediation compared to other microorganisms owing
to their photosynthetic capabilities, thereby absorbing
CO, from atmosphere and converting solar energy into
useful biomasses and incorporating nutrients and other
pollutants.

Several workers have reported dye removal potential of
freshwater algae (Acuner and Dilek, 2004; Dhaneshwar
et al., 2007; Khalaf, 2008). However, very few attempts
have been made by some workers using marine algae for
dye removal (Mubarak et al., 2011; Soumya, 2012;
Henciya et al., 2013). The objective of the present
attempt was to investigate the efficiency of some marine
(Chlorella marina, Isochrysis galbana, Tetraselmis sp.,
Nannochloropsis sp. and Dunaliella salina) and
freshwater microalgal cells (Chlorella sp.) in dye removal
from the textile effluent. This is the first report for dye
removal by these marine microalgal cells.

MATERIALS AND METHODS
Microalgal culture

Marine microalgae C. marina, |. galbana, Tetraselmis sp., D. salina,
and Nannochloropsis sp. strains were obtained from the Central
Institute of Brackishwater Aquaculture, Chennai, India. Freshwater
microalgae Chlorella sp. was isolated from pond located at
Bharathidasan University campus, using agar plating technique.
Indoor algal stock culture was maintained according to Perumal et
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al. (2012).

Immobilization of microalgae

The microalgal beads were prepared by the method described by
Santos et al. (2002) with minor modifications in respect to alginate
and cation solution concentrations. To prepare 100 ml of alginate
solution with the required alginate concentration, the alginate was
first carefully dissolved by slow stirring in 70 ml of distilled water. A
1.3% (w/v) solution of sodium alginate (Himedia, MB114-100G,
Mumbai, India) was prepared with warm (room temperature)
distilled water, autoclaved (for 15 min at 120°C), cooled to room
temperature, and mixed in a magnetic stirrer until the sodium
alginate was completely dissolved. In the remaining 30 ml of
distilled water, 3.5 g sodium chloride (Himedia, RM853-500G) was
dissolved to obtain 35 g L™ salinity. Cation solutions were prepared
in nanopure water. Beads were formed by adding the alginate
solution drop wise by means of a 20 ml syringe (0.8 x 40 mm
needle; Braun, Melsungen, Germany), into the cation solution, from
a height of approximately 15 cm and at a rate of approximately one
drop per second. Beads were kept stirring in the cation solution for
45 min to allow complete hardening of the alginate, and washed
several times with filtered (0.45 m) natural seawater to eliminate the
remaining cation.

Characteristics of dye wastewater

The textile wastewater was collected from local dyeing industry
located in Karur, Tamil Nadu, India. To understand the TW before
treatment, physico-chemical parameters were determined (Table 1)
using standard methods (Jenkins and Medsken, 1964; Strickland
and Parsons, 1979; APHA, 1998) prior to experiment.

Spectrophotometer analysis

Scanning was performed between 300 and 1000 nm by using UV-
vis spectrophotometer (1800 Shimadzu UV) to determine the
maximum absorbance (A max) wavelength of the diluted (1:10)
untreated textile effluent (Khalaf, 2008). This dye wastewater
showed (A max) maximum absorbance at 350 nm (Figure 1). The
absorbance (350 nm) was used for further analyses of dye.

Experimental setup

The first set of experiment deliberated on the effect of sample
conditions (Shaking and Stable). Each conical flask (250 ml round
bottom erlenmeyer flasks) was inoculated with 50 numbers of
microalgal beads. The alginate beads (without microalgae) were
used as control. The flasks with algal beads were kept at 37°C in
metabolic shakers (RIVOTEK, SELEC RC5100, India) at 200 rpm
for shaking condition and without shaking (static condition). The
samples were withdrawn at defined time intervals (12 and 24 h) and
suspended particles from the sample were removed by
centrifugation at 7,000 rpm for 20 min using centrifuge (REMI, R8C,
G-Force value- 8232 RCF). Decolorization was monitored by
measuring the absorbance (according to A max) of the supernatant
at 350 nm using UV- Spectrophotometer. Second set of experiment
were studied to the effect of different algal species for dye removal.
The sodium alginate beads were prepared using five marine
microalgal species (C. marina, |. galbana, Tetraselmis sp., D. salina
and Nannochloropsis sp.) and one fresh water microalgal species
(Chlorella sp.) with same number of beads added to conical flasks.
The samples were collected at 12 and 24 h time interval and
stopped when maximum decolorization was achieved. The



2290 Afr. J. Biotechnol.

0D Valne
o)
e,

R L S S S Y S L S S
P E S SN PE
Absorbance (nm)

Figure 1. Spectrophotometer analyses for untreated textile wastewater.

Table 1. The physico-chemical characteristics of untreated textile

wastewater

Parameter Value
pH 10.6
Colour Pink
Conductivity (US) 2,228
Salinity (ppt) 8
Dissolved oxygen (mg L'1) 5.9
Temperature (°C) 235
Total suspended solid (mg L'1) 0.109
CcoD (mg L™ 30.15
Phosphate (umol/l) 7.88
Nitrate (umol/l) 2.94
Ammonia (umol/l) 17.42
Silicate (umol/l) 42.27
Nitrite (umol/l) 17.89

absorbance was noted according to Telke et al. (2010). The wastewater are given in Table 1.
decolorization rate was calculated as follows:

(Initial absorbance) - (Observed absorbance) Effect of treatment method
Decolorization (%) = x100
Initial absorbance Two set of triplicates samples were studied for the
discoloration of wastewater (one set at shaker + one set
at static condition). The maximum colour reduction (13.66

RESULTS AND DISCUSSION 1 0.2%) noticed in shaker condition was recorded at 120
min in incubation, whereas at the static condition it was
Characteristics of untreated textile wastewater recorded as 21.77 £ 0.4% at 120 min. The results show
that the decolorization of dyes was increased with time
The textile wastewater temperature was 23.5°C, was up to 120 min. However, the rate of dye decolorization

highly colored and had alkaline condition with strong and was quite slow after 120 min which may be probably due
objectionable odour that presents significant disposal or to products inhibition. This observation suggested that
treatment problem. Physico-chemical characteristics of initial two hour was significant for dyes decolorization and
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Figure 2. Decoloration of dye wastewater using immobilized microalgal beads with reference to

treatment methods.

results were agreed by earlier workers (Khan and Husain,
2007; Arabaci and Usluoglu, 2014). In both (Static and
Shaking) condition, experiments were performed until
120 min beyond which the removal rate of the microalgae
decreased. The beads used in static condition proved to
be more efficient on colour removal (Figure 2). Earlier
studies also revealed the high colour removal from textile
wastewater in more static condition than that shaking
condition using various biological biomasses like fungi,
bacteria, enzymes etc (Sugiura et al., 1999; Jang et al.,
2007; Dhanve et al., 2009). The microaerophilic (Static)
conditions which resulted in higher colour removal may
be due to the presence of oxygen that would normally
inhibit the activity of decolorization, resulting in less
efficiency of color removal capacity in aerophilic condition
by the same organisms (Meiying et al., 2007).

Effect different algal species

Algae have been found to be potential biosorbents
because of their availability in both fresh and saltwater.
The biosorption capacity of algae is attributed to their
relatively high surface area and high binding affinity
(Donmez and Aksu, 2002). Cell wall properties of algae
play a major role in biosorption; electrostatic attraction
and complexation are known to take part during algal
biosorption (Satiroglu et al., 2002). Previous reports have
suggested that level of discoloration of dye wastewater
using algae can change based on their growing water
salinity (Liu et al., 2013). The time dependent experiment
showed that the colour removal increased with increasing

time as agreed by previous worker (Saraswathi and
Balakumar, 2009). They stated that the maximum time is
(not exceeding seven days) an ideal way to reduce the
colour from the dye wastewater. The percentage of
colour reduction using immobilized beads were in the
order of I. galbana (55.75%), fresh water Chlorella sp.
(43.77%), Tetraselmis sp. (41.93%), C. marina (36.75%),
Nannochloropsis sp. (32.87%) and D. salina (29.54%),
respectively (Figure 3). The present results have proved
that |. galbana posesses efficient colour removal ability
as agreed by Ang (2008). He proved that the I. galbana
being suitable for bioremediation and removing pollutants
from various effluents compared to Chaetoceros sp and
Tetraselmis sp. Higher decolourization capacity of |I.
galbana can be attributed to size of the cells (Kishore et
al.,, 2006). Wolfe et al. (1998) described that the I.
galbana play a role in the fate of dispersed oil, it is
important to understand how dispersants may influence
the bioavailability of pollutants like metals, dye
compositions in primary tropic levels of marine food
chains. The decolorization of present study (I. galbana;
55.75%) were quietly high compared to other workers
(Henciya et al., 2013) has been dealt with marine species
(Lyngbya sp.; 46.34%).

The colour removal capacity, especially by using algae,
may be attributed to the accumulation of dye ions on the
surface of algal biopolymers and further to the diffusion of
the dye molecules from aqueous phase onto the solid
phase of the biopolymer (Ozer et al., 2006). Extracellular
polymers consist of surface functional groups, which
enhance sorption of the dye molecules onto the surface
of the polymer (floc) during dye removal process. The
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Figure 3. Effect of incubation time on dye removal efficiency (%) of six microalgal species.
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Figure 4. Box-Whisker plot shows the decoloration of dye wastewater using
different immobilized microalgal beads.

released metabolic intermediates (long chain biopo- Many authors reported that microalgae is a common
lymers) which have excellent coagulation capacity along and effective species for the immobilization and adsor-
with the dye remaining in the aqueous phase tend to ption purposes (Tam et al., 1994; Lau et al., 1998; Abdel
adsorb onto the surface of the polymers and settle Hameed, 2002; Dinesh et al., 2013) (Figure 4). Alginate
(biocoagulation) (Mohan et al., 2002). is the most frequent polymer used for algal immobilization.



Studies have adequately verified cell viability in the
alginate matrix (Vilchez et al., 2001). In a freely
suspended algal treatment system, the removal efficiency
is often directly related to the cell mass. Increasing the
algal biomass would improve the removal efficiency and
shorten the retention time (Lau et al,, 1995). On the
contrary, the super-concentrated cell stocking in the
beads, posed a serious leakage problem (Lau et al.,
1997) and affects the treatment efficiency by the number
of beads in dye wastewater (algal bead concentration).

Conclusion

Microalgae |. galbana can be considered as an important
candidate among the six (five marine and one fresh
water) microalgae studied, applicable to efficient removal
of synthetic dyes from textile effluents. Similar studies on
physiology and biochemical aspects of microalgal farming
and fresh methods of immobilization together with co-
immobilization of various capable species are necessary
to develop a good decolorization method. Immobilized
microalgae in alginate will be useful for final polishing of
DW after undergoing crucial treatment before discharge.
Cartridges of immobilized algae will be the optional
system for such purpose as this will take up less land
space compared to suspension cultures in raceway
ponds. In addition, the effects of pH, contact time and
temperature need to be optimized before commer-
cialization.
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