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Abstract: This study is to inspect how the variation of molecular structures and functional groups present in
our models, monoazo dye (Tartrazine) and diazo dye (Ponceau), affects decolorization capabilities of green
algae, cyanobacteria and diatoms. The results revealed that the removal of azo dyes was rapid at the mitial
period of study (3 days) and became slowly with the time (6 days). The maximum decolorization was observed
at 5 ppm Tartrazine with S. bijugatus (68%) and N. muscourm after 6 days incubation. The reduction of color
removal appears to be related to the molecular structure of the dyes and species of algae used. The culture of
the diatom Nitzschia perminuta was completely died after 2 days of mcubation. Azo reductase of algae, which
is responsible for degradation of aze dyes into aromatic amine by breaking the azo linkage, was estimated. TR
spectra represented a new peak at 3300 cm™" and a reduction in the azo band at 1642-1631 cm™. In order to
mvestigate the sorption behavior of algae, Langmuir equilibrium model was tested.
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INTRODUCTION

Azo dyes are an important class of synthetic organic
compounds used as coloring agents in the textile, paint,
ink and plastic industries. Azo dyes are one of the oldest
industrially  synthesized orgamc compounds and
represent the major group (60-70%) of the more than
10,000 dyes currently manufactured (Bras et al., 2005).
However, large amounts of these dyes remain in the effect
after the completion of the dyeing process. Consequently
very small amount of dyes in waste water 1s highly visible
(Marungruenga and Pavasant, 2006; Wang et al., 2005). A
side from their negative aesthetic effects, certain azo dyes
and their biotransformation products has been shown
to be toxic to aquatic life and mutagenic to humans
(Bafana et ol., 2008; Brown and Hamburguer, 1987). Azo
dyes are stable compounds, difficult to destroy or to be
decomposed by common treatment in a biological treating
station. Recently the application of algae has been
receiving increasing attention in the field of waste water
decolorization. Many researchers have studied the effect
of algae and enzymes on decolorization characteristics
since immobilization provide distinct stability over free
cells. Algas have been studied in the field of
decolorization of industrial effluents (Semple et al., 1999,
Nanwel et al, 1997, Daneshvar et al, 2007a,
Vyayaraghavan and Yun, 2008). This 1s due to the
versatile ability of the algae to degrade, partially or
completely various dyes. Azo dyes are characterized by
the presence of one or more azo group (-N = N-) bonds to
aromatic rings (Bafana et al., 2008) Azo dyes may be
decolorized by cleavage of the azo bond, to which the

color is associated (Wuhrmann et af, 1980). The
reduction of azo dyes results in the formation of aromatic
amines that mostly cammot be metabolized, with the
exception of a few examples bearing hydroxyl and
carboxyl groups, which can be fully degraded
(Razo-Flores et al., 1996; Kudlich et al., 1999). Hence, the
majority of azo dyes are mutagenic and carcinogenic to
humans as well as other animals removal of hazardous
industrial effluents is one of the growing needs of the
present time. So, 1 this present work, experiments on the
degradation of two azo dyes, a monocazo dye (Tartrazine)
and a diazo dye (Ponceau) were carried out using green
algae, diatom and cyanobacteria, to study the degradation
of different azo dyes and hence to estimate the activity of
azo reductase mvolved in the degradation of azo dyes.
The azo reduction process was monitored by UV -visible
spectrophotometry. In order to evaluate the removal
capacity of algae, Langmuir isotherm studies were
conducted.

MATERIALS AND METHODS

Azo dyes: Figure 1 showed the chemical structure of
monoazo dye (Tartrazine) and diazo dye (Ponceau ss)
used for decolorization study. They were obtained from
Aldrich (Germany).

Algae and culture conditions: The algal strains were
obtained from Algal Laboratory, Botany Department,
Faculty of Science, Tanta Umversity, Egypt. The
green algal strains were Chlorella ellipsoidea,
Chlorella kessleri, Chlorella vulgaris, Scenedesmus
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bijuga, Scenedesmus  bijugatus and  Scenedesmus
obliguus, the cyanobacteria strains were 4nabaena laxa,
subcylindrica, Nostoc muscowrm and
Oscillatoria  angusta  and  the
Nitzschia perminuta. The green algae were cultured in a
sterile TAP (Tris-Acetate-Phosphate) medium (Harris,
1989). Allen medium (Allen, 1968) was used for

cyanobacteria and diatom.

Anabaena
diatom  was

Decolorization study: The experiments were conducted in
Erlenmeyer flasks contaming algal cultures and azo dyes
at different initial dye concentrations (5, 10 and 20 ppm).
The cultures were incubated at 25°C for 6 days. The dye
concentration was determined after 3 and 6 days of
mcubation by measuring the absorbance of the cell-free
supernatent of the sample at the maximal absorption wave
length (i.e., A,.). A sterile cell-free medium was chosen as
the control. The changes in the dyes absorption spectra
were recorded by using a UV-V 18 spectrophotometer
(Shimazu UV-1601).

NaOQ,5 — —N=N— fl: — C—COO0ONa
C

Tartrazine
C,HN.Na,0,8,
M.wt.: 534,35
o 415 nm

NaO,8

T S e N o
-,

Ponceau ss
C,.H,N,Na,O.8,
M.wt.: 556.49
Ame: 415 nM

SO,Na

SO,Na

Fig. 1: Chemical structures of the azo dyes used

Azo reductase activity: The azo reductase preparation
was made according to the producers described by
Idaka ef al. (1987 a,b ). The reductase activity of tested
algae was studied after 3 and 6 days of incubation with
20 ppm azo dye concentration.

Infrared analysis (IR): The infrared spectra of the two azo
dyes and the algae grown is dyes after the mcubation
period (6 days ) were analyzed using Perkin Elmer
1430 infrared spectrophotometer within the range
500-4000 cm .

RESULTS AND DISCUSSION

Azo dye decolorization: The degree of decolorization for
monoazo dye (Tartrazine) and diazo dye (Ponceau) by
some green algae, cyanobacteria and diatoms were
studied at 5, 10 and 20 ppm dyes concentration for 3 and
6 days incubation. Figures 2 and 3 showed the
decolorization (%) of different Tartrazine concentration by
green algae. The results obtained that the amount of color
removal varies with varying initial dye concentrations.
The maximum decolorization was observed with 5 ppm azo
dyes concentration and slightly decreased up to 20 ppm
with both green algae and cyanobacteria. Tn this
connection, Aydin and Baysal (2006) found that dye
removal 1s Iughly concentration dependent and
approximately attributed to  bioconversion. Also,
Bafana et al. (2008) found that the decolorization was
found to be due to both biological azo dye reduction and
adsorption. The ncrease of decolorization of azo dyes
seemns to be related to the molecular structures of the dyes
(Jingi and Houtian, 1992), adsorption to the algae
(Chen et al, 2003) and rapid degradation of the dye
(Daneshvar et al., 2007 a,b). The rapid decolorization of
Tartrazine and Ponceau was observed after 3 incubation
days and then become slow with the time. This was
caused by strong attractive force between the azo dyes

70+ 0 6 days I1a <
60_I3days = L
€ s0
g a0
g 30
E 204
104
0-
10 20 5 10 20 5 10 20 5 10 20 5 10 20 5 10 20 5 10 20
elhpsaldea C. kessieri C.vulgaris  S. bijuga S bijugatus 8. obliguus Mixed green
Tartrazine concentration (ppm)

Fig. 2: Decolorization of different concentrations (5, 10 and 20 ppm) of Tartrazine by green algae after 3 and 6 days

incubation
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Fig. 3: Decolorization of different concentrations (5, 10 and 20 ppm) of Ponceau by green algae after 3 and 6 days

incubation
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Fig. 4: Decolorization of different concentrations (5, 10 and 20 ppm) of Tartrazine by cyanobacteria after 3 and 6 days

incubation

molecules and the algae; fast diffusion onto the external
surface was followed by fast diffusion mto the algal cells
to attain rapid equilibrium.

The extent of color removal of Tartrazine ranged from
29 to 68% m green algal cultures (Fig. 2), whereas in
cyanobacteria ranged from 57 to 70% (Fig. 3) after 3
and 6 days of incubation. The algae S. bjugatus and
N. muscourm were the highest removal for Tartrazine
color. Several cyanobacterial strams posses to their outer
membrane, additional surface substances mamly of
polysaccharide nature  (Bertocchi et al, 1990).
De Plulippis et al. (2001) surveyed the ability of
cyanobacteria polysaccharide to remove pollutants from
aqueous solutions and this may explam why the
cyanobacteria strains were higher removal of color than
the green algae. On the other hand, Ponceau
decolorization by green algae ranged between 18 to 62%
and between 23 to 59% with cyanobacteria after 6
incubation days (Fig. 4, 5). The maximal removal of
Ponceau color was observed with S. bijugatus (55 and
62%) and N. muscourm (55 and 59%) at 5 ppm after 3 and
6 days mcubation, respectively.

It was obvious that diazo dye, Ponceau, was less
decolorized m contrast to monoazo dye (Tartrazine).
Chang et al. (2001) suggested that both partial reduction
and complete cleavage of the azo bond could contribute
to decolorization of azo dye. This result might be
explained by Zimmermann et al. (1982) as follows the
charged groups (sulfonic group) in the proximity to the
azo group hinder the reaction (decolorization). This might
clearly explain why Ponceau was not biodegradable
compared to Tartrazine. Tartrazine might be easier to be
transported (and/or) adsorbed into cellular compartment
this because of the sulphonic groups to azo bond
(-N = N-) in Tartrazine was a strong electron-with drawing
groups through resonance to cause an enhanced of color
removal to be easily decolorized (McMurry, 2004;
Hsueh and Chen, 2007 ). Moreover, Chen (2002, 2006) and
Sugiura et al. (1999) mentioned that diazo dye-Ponceau
was not easily to be decolorized perhaps due to the
persistent toxicity of azo bond(s) in Ponceau and or
generated intermediates.

The results recorded a completely death for Navicula
sp. at the different azo dyes concentrations after 2 days of
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Fig. 5. Decolorization of different concentrations (5, 10 and 20 ppm) of Ponceau by cyanobacteria after 3 and 6 days

incubation
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Fig. 6: Azo reductase activity (ug dye/g dry wt./h) of green algae under the effect of Tartrazine (1) and Ponceau (P) at
the concentration 20 ppm after 3 and 6 days incubation. (C = Control)
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Fig. 7. Azo reductase activity (ug dye/g dry wt./h) of cyanobacteria under the effect of Tartrazine (T) and Ponceau (P)
at the concentration 20 ppm after 3 and 6 days mcubation (C = Control)

incubation. Azo dyes may affect photosynthetic activity
in aquatic life because of reduced light penetrate and may
also be toxic to some aquatic life due to the presence of
aromatics (Daneshvar ef ai., 2007a).

Azo reductase activity: To study the azo reductase
activity of tested algae, the concentration 20 ppm of
Tartrazine and Ponceau was chosen to carry out their

effect on the algal enzymatic activity after 3 and 6 days
incubation. The activity of azo reductase for green algae
and cyanobacteria was shown in Fig. 6 and 7. The results
showed that the addition of azo dyes, Tartrazine and
Ponceau, to the algal cultures induced azo dye reductase
activity as compared with control. This may be due to the
ability of algae to mduce azo dye reductase activity under
azo dye stress and these results are in agreement with that
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Fig. 8: Infrared spectrum of Tartrazine before and after
algal treatment

obtained by Urushigawa and Yonezawa (1977). In a
general, the maximum azo reductase activity (ug dye g™’
dry wt/h) was recorded with green algae as compared
with control and cyancbacteria after 6 days incubation.
The maxmnum reductase activity was observed with the
green algae S. bijfugatus (15.2 and 14.2 after 3 days) and
the cyanobacteria 4. subcylindrica (10.6 and 9.2 after 6
days) during the treatment with Tartrazine and Ponceau,
respectively. Jingi and Houtian (1992) studied azo
reductase activity of some algae and they found that the
azoreductase of C. vulgaris 1s an induced enzyme and the
substrate itself can act as a kind of inducer. Also,
Pandy et al. (2007) reported that azo reductase can act in
breaking clown of the azo bond as follows:

Ar—N = N- Ar'—2oribs o Ao NH, + Ar'- NH,

TR: Figures 8 and 9 showed infrared spectra of Tartrazine
and Ponceau, respectively, to identify their structural
variations, before and after algal treatment. The results
showed a new absorption band at 3300 cm™ due to
stretching vibration of NH,; group which support the
reduction of azo group (-N = N-) to amino group by azo
reductase. At the same time, the absorption band of the
azo bond within the range 1642-1631 cm ™" was decreased
(as indicated by arrows in the figures). These results are
consistent with the results obtained by Jingi and Houtian
(1992).
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Fig. 9: Infrared spectrum of Ponceau before and after
algal treatment

Langmuir adsorption isotherm: Adsorption isotherm
describes how dyes mteract with algae and so are critical
in optimuzing the use of algae. In order to optimize the
design of a sorption system to remove dyes from
effluents, it is important to establish the most appropriate
correlation for the equilibrium curves. In the present
study, the experimental data of two azo dyes-algae
equilibrium isotherms were compared using Langmuir
1sotherm. Langmuir sorption model served to estimate the
maximum uptake values, where they could not be reached
in the experiments. Langmur isotherm 1s represented by
the following equation (Chiou et al., 2004).

C/g.= (1/1Q b) + (C/Qy)

where, C,1s the equilibrium concentration of dye solution
(residual) and q, is the adsorbed dye on the algal cells. Q,
and b are constants related to adsorption capacity and
rate of adsorption, respectively. Values of Q,and b for the
adsorption of dyes onto algal cells were calculated from
the slope and intercept plot of C./q, vs C,. The essential
features of the Langmuir isotherm can be expressed in
terms of the dimensionless constant separation factor R
which 1s defined by the followmg relationship given by
Magdy and Daifullah (1998):

R = 1/1+bCy)
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Table 1: Langmuir isotherm constants for the decolorization of Tartrazine and Ponceau by green algae and cyanobacteria

Qo b R R?

Algae Tart. Ponc. Tart. Ponc. Tart. Ponc. Tart. Ponc.
Green algae

Chiorelia ellipsoidea 30.24 45.63 0.03 0.01 0.86 0.93 0.947 0.770
Chiorelia kessleri 68.85 50.97 0.02 0.02 0.92 0.90 0.995 0.624
Chiorelia vidgaris 33.30 58.94 0.03 0.02 0.88 0.93 0.983 0.939
Scenedesmiis bijuga 100.69 36.33 0.01 0.03 0.95 0.88 0.975 0.947
Scene desmuis bijugatus 42.16 115.07 0.05 0.02 0.78 0.93 0.992 0.849
Scene desmuis obliquus 21.50 54.76 0.08 0.03 0.72 0.89 0.750 0.841
Mixed green algae 52.94 42.63 0.02 0.03 0.89 0.87 0.550 0.948
Cyanobacteria

Anabaena subcylindrica 60.68 104.21 0.04 0.01 0.85 0.94 0.998 0.921
Nostoc muscourm 76.82 74.34 0.02 0.02 0.90 0.91 0.961 0.893
Oscillatoria angusta 60.36 51.98 0.03 0.02 0.85 0.89 0.933 0.999
Anabaena laxa 78.59 75.24 0.02 0.02 0.89 0.91 0.978 0.946
Mixed cyanobacteria 53.87 24.35 0.02 0.04 0.89 0.84 0.563 0.885

The isotherm of Tartrazine and Ponceau were found
to be limear over the whole concentration range studies
and the correlation coefficients (R*) were extremely high
as shown in Table 1. The R* was less than 1 and greater
than zero indicating that tested algae are favorable for
adsorption of azo dyes.

CONCLUSIONS

The presence of dyes imparts an intense color to
effluents, which lead to envirommental problems. It may be
concluded that algae undoubtedly have the potential to
rapidly, efficiently and effectively remove dyes to low
concentrations. Moreover, this biosorption process could
be adopted as a cost effective and efficient approach for
decolorization of effluents ant it may be an alternative to
more costly materials.
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