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Abstract 

In recent years the ability of microorganisms on decolorizing of textile wastewater has received much attention due 
to the environmental persistence and toxicity of these pollutants. In this paper biodegradation of triphenylmethane 
dye, Malachite Green (MG), by Cosmarium species was investigated. The results obtained from batch experiments 
revealed the ability of the algal species in removing the dye. The effects of operational parameters (temperature, pH, 
initial dye concentration and algal concentration) on decolorization efficiency were examined. Our results indicated 
that the dependence of the specific decolorization rate on dye concentration could be described by Michaelis-Menten 
model. All assays were conducted in triplicates.  
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1. Introduction 
 

Synthetic dyestuffs are used extensively in textile, paper, printing industries and dyehouses. 
The effluents of these industries are highly colored and the disposal of these wastes into 
receiving waters causes damage to the environment. They may significantly affect 
photosynthetic activity in aquatic life due to reduce light penetration and may also be toxic to 
some aquatic life because of the presence of metals, chlorides, etc. Color removal has been the 
target of great attention in the last few years, not only because of the toxicity of dyes but also 
due to its visibility (Aksu and Donmez, 2003). 

The textile industry utilizes about 10000 different dyes and pigments. The world wild annual 
production of these dyes is over 7 ×105 tons (Daneshvar et al., 2004; Aksu, 2005). So various 
chemical and physical processes, such as ozonation, photooxidation, electrocoagulation, 
adsorption, activated carbon, membrane filtration and flocculation are applied for color removal 
from textile effluents (Daneshvar et al., 2004a, 2004b, 2005; Robinson et al., 2001). Such 
methods are often very costly and although the dyes are removed, accumulation of concentrated 
sludge creates a disposal problem. There is a need to find alternative biodegradations that are 
effective in removing dyes from large volumes of effluents and are low in cost such as 
biological or combination systems (Robinson et al., 2001). 

In recent years a number of studies have focused on some microorganisms, which are able to 
biodegrade, and biosorb dyes in wastewaters. A wide variety of microorganisms capable of 
decolorizing a wide range of dyes include some bacteria: Escherichia coli NO3 (Chang and Kuo, 
2000), Pseudomonas luteola (Chang et al., 2001), Aeromonas hydrophila (Chen et al., 2003), 
Kurthia sp. (Sani and Banerjee, 1999); fungi: Aspergillus niger (Fu and Viraraghavan, 1999); 
yeasts: Saccharomyces cerevisiae, Candida tropicalis, C. lipolytica (Aksu and Donmez, 2003); 
algae: Spirogyra species (Mohan et al., 2002), Chlorella vulgaris (Acuner and Dilek, 2004). 

Algae are microscopic, photosynthetic organisms, which typically inhabit aquatic 
environments, soil and other exposed locations. So, the present study aims to investigate the 
potential of the microalgae Cosmarium sp. for decolorization of the solution containing a textile 
dye, Malachite Green (MG). The effect of operational parameters on biodegradation of MG was 
also studied.  
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2. Materials and methods 
2.1. Algal biomass 

The algae obtained from natural lake. According to its morphology and microscopic 
observations it is identified as Cosmarium species belonging to green algae. Cosmarium was 
grown in several 1-l glass jars containing medium (modified Bold's basal medium) in order to 
obtain stock algal culture to be used during the experiments. Cosmarium biomass was measured 
by counting the number of cells by light microscopy using a Neubauer Hemocytometer (0–
9 106 cell/ ml). ×
 
2.2. Dye analysis 

The triphenylmethane dye used in this study was malachite green (MG) and its chemical 
structure is illustrated in fig 1. The absorbance was measured with a spectrophotometer at the 
maximum absorption wavelengths (λmax=619 nm). Decolorization was determined by 
absorbance reduction. The dye concentration in mg per liter was determined from absorbance 
calibration curve of standard solutions. The efficiency of color removal was expressed as the 
percentage ratio of the decolorized dye concentration to that of initial one (Eq. 1). 

                             Color removal (%) = 
o

o

C
CC −

× 100                          (1) 

Where Cois the initial concentration of MG (mg/l) and C the concentration of Mg at time t. 
 

2.3. Batch decolorization operation 
The experiments were conducted in 250 ml Erlenmeyer flasks containing 100 ml of dye 

synthetic solution and algal biomass. The experiments were operated at static incubation. The 
dye concentration was measured as function of time. 

 
3. Results and discussion 
3.1. UV-Vis spectra changes 

Fig. 2 shows time-dependent UV-Vis spectrum of MG solution during biodegradation. The 
absorbance peak, corresponding to dye diminished. The spectrum of MG in visible region 
exhibits a main peak with a maximum at 619 nm. The decrease of absorption peak of MG at 
λmax=619 nm, in this figure indicated a rapid degradation of the dye. As seen in Fig. 2 the main 
absorbance peak approximately disappeared within 7 hours, followed by an insignificant change 
in peak for next 24 hours. In addition, extra peaks absorbance appeared in decolorized solution, 
probably resulting from the absorbance of metabolites or degraded fragments of dye molecule. 
These results indicate that the color removal by Cosmarium may be largely attributed to 
biodegradation. Similar results were observed (Chen et al. 2003).   

 
3.2. Effect of different algal biomass and initial dye concentration 

The results obtained from present investigation revealed the ability of Cosmarium sp. in 
biodegradation of MG. To estimate the optimum biomass of algae, removal of 10 mg/l MG was 
monitored by different algal biomass (0-7.5×106 cell/ml) during various contact times (Fig.3). 
As results showed, dye removal significantly increased along with an increase in the biomass 
concentration until it reached the value of 87.1% for the biomass of 4.5×106 cell/ml, followed 
by an insignificant dye removal for increase of algal biomass. This seems to indicate that the 
biomass of 4.5 106 cell/ml would be the optimal biomass in our study. ×

Removal of dye was examined for different concentration of dye solution by 4.5×106 cell/ml 
of algal biomass. Figure 4 shows the time courses of dye concentration decline. The kinetic 
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trends were interpreted according to conventional Michaelis-Menten model. That is represented 
by Eq. 2. 

                                   ν dye =
dyedye

dyedye

CK
C

+
max,ν

                                                   (2) 

Where ν dye is specific decolorization rate (mg dye g cell-1 h-1), Cdye is the dye concentration, 
ν max and Km are the maximum specific decolorization rate (mg dye gcell-1h-1) and dissociation 
constant (mg/l), respectively. The optimal kinetic parameters, ν max and Km are 1.60 mg dye g 
cell-1 h-1 and 32.8, mg/l, respectively. 

 
3.3. Effect of temperature and pH 

The temperature effect on decolorization rate was significant (Fig. 5). The temperature effect 
was investigated at the range of 5 to 45 oC. The activity considerably increased when the 
temperature was raised from 5 to 45 oC. 

Fig. 6 shows the color removal efficiency of MG solution as a function of pH. The effect of 
pH on biodegradation efficiency of MG was examined in the range of 2-11. It shows that an 
increase in pH from 4.0 to 6.0 leads to a threefold increase in decolorization rate, which is 
reached the maximum value of 92.4% for the pH of 9.0. The trend of pH dependence of 
decolorization is similar to that observed in P. luteola (Chang et al., 2000). 
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 Fig. 1. Chemical structure of  Malachite Green.Fig. 2. UV-Vis spectra of MG 10 mg/l bio-                                   
                                                                           degraded by Cosmarium sp. at times: (1) 0 h,  
                                                                                                    (2) 7 h, (3) 24 h.  
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 Fig. 3.   Removal  of  10 mg/l  MG  was   monitored  Fig. 4. The time courses of 
decolorization of  

 by different algal biomass (0- 7.5×106 cell/ml) during different  concentration  of  MG by 
algae at 

 various contact times at pH 8 and 25 0C.     pH 8 and 25 0C.          
      
  

Archive of SID

www.SID.ir

www.sid.ir
www.sid.ir


 

  

 
 
 

0
10
20
30
40
50

60
70
80
90

100

0 1 2 3 4 5 6 7 8 9 10 11 12

pH

D
ye

 R
em

ov
al

 (%
)

0

20

40

60

80

100

0 10 20 30 40 50

Temperature oC
D

ye
 R

em
ov

al
(%

)

 Fig. 5. Effect of pH on biodegradation of 10 (mg/l) Fig. 6. . Effect of temperature on 
biodegradation of               MG at 25 oC.  10 (mg/l) MG at pH 8. 
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