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ABSTRACT 
Biosorption of basic fuchsin dye solution by living as well as dead biomass of A. fumigatus has been 
investigated. Three parameters namely dye concentration; contact time and dose of biosorbent were 
considered in the present study. Maximum biosorption (67.12 %) of basic fuchsin was recorded in 
living biomass with 250 ppm dye solution, where as minimum biosorption, 1.37 % was observed in 
dead biomass at 750 ppm dye solution. It was found that increase in biomass dose resulted in 
decreased adsorption of basic fuchsin. 
Key words: Textile Effluents, Basic Fuchsin Dye, Fungal Biomass and Biosorption. 
 

INTRODUCTION 
The whole world is facing water crises because of unrestricted and excessive exploitation of water. 
The key reasons are: increased human population, rapid industrialization, urbanization, 
developmental processes leading to modernization and increased living standard (Gupta et al., 2015; 
Singh, 2017). Dyes are being widely used in various Indian industries such as textile, paper, plastic, 
leather, food, printing, cosmetic etc. to color their products (Mahmoodi et al., 2009; Gnanadoss et al., 
2013). More than ten thousand types of such commercial dyes and pigments with over seven hundred 
tons of dye stuff are produced annually (McMullan et al., 2001; Revankar and Lele, 2007; Sulak and 
Yatmaz, 2012 and Murali and Uma, 2016). These dyes are commonly used in nylon, silk, acrylic and 
wool dyeing process are reported to be toxic, mutagenic and carcinogenic. However, the textile 
industry accounts for two-thirds of the total dyestuff and 10–15% of this annually produced dye is 
discharged as industrial effluents into the environment (Riu et al., 1998). This discharge of industrial 
water forms the major cause of its adverse impact on the environment (Robinson et al., 2001; Jebapriya 
and Gnanadoss, 2013). These pollutants can cause “oxygen sag” means rapid reduction of dissolved 
oxygen, leading to in the receiving water (Delclos et al., 1984; O’Neil et al., 1999 and Singh, 2017).  
There are different structural varieties of dyes such as acidic dyes, basic dyes, disperse dyes, azo dyes, 
reactive dyes, mordant dyes and sulphur dyes. Most of these dyes are toxic and are often carcinogenic 
(Eren and Acar, 2006; Nidheesh et al., 2013). They make water bodies inhabitable aquatic systems. 
Because of their complex structure they can’t be treated in conventional treatment plants for waste 
water. There are several harmful effects of these dyes on ecosystem. Even its minor amount (< 1 ppm) 
may cause abnormal coloration of water bodies, thus, inhibiting the passage of sun light here. This 
adversely affects the growth of microorganisms and their biological activities (Rajasekhar, 2014). 
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Therefore, removal of these dyes from industrial effluents is extremely important before discharging 
them into the environment (O’Neill et al., 1999; Hameed and El-Khaiary 2008). Several physical and 
chemical treatment methods have been developed to remove dyes from waste waters. These include 
coagulation (Ellouze et al., 2011), photo-electro-catalytic methods (Khataee and Zarei, 2011) and 
electro-coagulation (Rajabi et al., 2011). The membrane filteration and ozonation have also been 
known to decolorize the textile effluents (Ramesh et al., 2013). These methods are very costly and 
create disposal problems due to accumulation of concentrated sludge. The use of excessive chemical 
reagents often created a secondary pollution problem that required additional cost for regeneration of 
treatment system (Crini, 2006; Lakshmi et al., 2009; Celekli et al., 2012). On the other hand, biosorption 
process has also been commonly used for the removal of dyes and organic pollution. Biosorption is a 
physico-chemical process which includes mechanisms such as adsorption, absorption, ion exchange, 
surface complexation and precipitation. Biosorption is a property of both living and dead organisms 
and has been continued as a promising technology for pollutant removal, an account of its efficiency, 
simplicity, analogus operation to conventional ion exchange technology and availability of biomass 
(Gadd, 2009; Patel, 2016). Different types of biomass such as that of fungi and yeast (Ozsoy et al., 
2008), bacteria (Ozdemir et al., 2003; Pathak and Dikshit, 2011), algae (Padmesh et al., 2006) etc have 
been studied for their biosorption efficiency (Pathak and Dikshit, 2012). Biosorption process using 
fungal biomass has emerged as one of the most potent inexpensive, effective and simple mechanical 
properties (Fu and Viraraghavan, 2001; Gnanadoss et al., 2013). The fungi have important role in the 
wastewater treatment and have been proved suitable and effective for dye adsorption and the 
removal of pollutants from the textile effluents. Dyes and pigments are being removed by these fungi 
either in living or dead form through biosorption, bio-accumulation, bio-degradation and enzymatic 
mineralization (Singh, 2017). Fungal biomass has in fact been found as efficient adsorbents in the 
removal of dyes in waste waters as they secrete a variety of extracellular enzymes (Dorthy et al., 2012). 
Fungal cell walls are complex macromolecular structures consisting of chitins, glucans, mannans, 
proteins and also containing other polysaccharides, lipids and pigments. These different functional 
groups are able to bind dyes as well as metal ions to a varying degree (Gadd, 2009). As compared to 
the live biomass, dead fungal biomass is reported to offer variety of advantages e.g. continuous 
supply of nutrients not required, easy storage, reusability, more efficiency, easy operation, least 
affected by toxic wastes and no production of secondary compounds which could be toxic (Patel, 
2016). The present study was carried out to evaluate the efficiency of living and dead biomass of 
Aspergillus fumigates to adsorb basic fuchsin dye from its aqueous solution and the effect of different 
parameters i.e. contact time, dye concentration and biosorbent dosages on biosorption. 
 

MATERIALS AND METHODS 
A strain of Aspergillus fumigatus obtained from the soil samples treated with aqueous solution of basic 
fuchsin for over 90 days, was used for the present study. The fungal culture was maintained on 
Potato Dextrose Agar plates. The spore suspension of Aspergillus fumigatus was inoculated in Malt 
Glucose Yeast Peptone (MGYP) broth medium and was allowed to incubate for 8-10 days at 280C. 
After adequate growth of the fungus, the fungal mass was separated from the broth medium and 
washed three to four times with tap water. One half of this washed mass was used as living mass and 
the other half of the fungalmass was autoclaved at 15 Pounds per square inch (psi) for 20 minutes to 
obtain dead fungalmass. 100 ml of 250 ppm basic fuchsin solution was taken in each of the set of six 
250 ml Erlenmeyer flasks (set A). Out of six flasks taken, 5 mg of living A. fumigatus mass was added 
to three flasks and to the rest three flasks 5 mg of dead A. fumigatus mass was added. In the same 
manner, three flasks of set B were inoculated with 10 mg of living  mass and the other three flasks 
with 10 mg of dead mass. Similarly, in set C, three flasks inoculated with 15 mg of living mass and the 
other three flasks with 15 mg of dead fungal mass. Three flasks were kept as control. All of these 21 
flasks were shaken simultaneously on an orbital shaker at 150 rpm for 5 min, 10 min and 15 minutes. 
After completion of each time period, the solution of each flask was filtered through a plastic sieve to 
remove the fungal mass and unadsorbed dye in supernatant was estimated using UV-Vis 
Spectrophotometer (Model SL-159) at 550 nm wave length.  
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The adsorption capacity and Q-Value were calculated using the following formula: 
                                           Q= V (Ci-Cf) / m 

Where Q- specific dye uptake (mg/g) of biomass, Ci and Cf are the initial and final dye concentrations 
(mg/l), m is adsorbent dosage (g) and V is the volume of dye solution (l). 
The above mentioned procedures were repeated for 500 ppm and 750 ppm solution of basic fuchsin 
using both living and dead biomass of A. fumigatus.  
OBSERVATIONS  
Tables. Percentage adsorption and Q value at different time intervals in response to different dose 

of fungal mass of Aspergillus fumigates in differing concentration of basic fuchsin: 
(a) Basic fuchsin concentration: 250 ppm aqueous solution 
(b) Basic fuchsin concentration: 500 ppm concentration 
(c) Basic fuchsin concentration: 750 ppm concentration 

 

 
RESULTS AND DISCUSSION 
The living mass of A. fumigatus was found to be more effective (up to 67.1% adsorption) for the 
biosorption of basic fuchsin dye than the dead fungalmass that showed a maximum of 54.88% only. 
Using 250 ppm dye concentration. The minimum dye removal (1.37%) was recorded for dead 
fungalmass in 750 ppm dye solution. A high Q value of 6712 was recorded for living mass at 250 ppm 
concentration of basic fuchsin dye.  
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Dose 

 

 
Type 

Contact Period 

5 min 10 min 15 min 

% 
Adsorption 

 
Q-Value 

% 
Adsorption 

 
Q-Value 

% 
Adsorption 

 
Q-Value 

5 mg Living 6.9 345 41.4 2077 30.3 1515 

Dead 41.62 2081 36.48 1960 32.02 1601 

10 mg 
 

Living 46.44 2325 47.44 2372 31.44 1572 

Dead 50.74 2537 39.2 1824 37.56 1878 

15 mg Living 27.96 1388 40.66 2033 32.52 1801 

Dead 33 1650 39.9 1995 36.02 1626 

 
Dose 

 
Type 

Contact Period 

5 min 10 min 15 min 

% 
Adsorption 

 
Q-Value 

% 
Adsorption 

 
Q-Value 

% 
Adsorption 

 
Q-Value 

5 mg Living 16.4 401 34.52 863 48.48 1212 

Dead 15.88 397 8.11 811 50.56 1264 

10 mg 
 

Living 21.76 544 30.8 770 44.2 1105 

Dead 16.56 414 33.24 831 49.2 1230 

15 mg Living 18.4 184 32.44 324.4 67.12 6712 

Dead 19.96 460 33.8 811 54.88 1678 

 
Dose 

 
Type 

Contact Period 

5 min 10 min 15 min 

% 
Adsorption 

 
Q-Value 

% 
Adsorption 

 
Q-Value 

% 
Adsorption 

 
Q-Value 

5 mg Living 20 1500 17.04 1278 31.25 2344 

Dead 5.97 448 11.38 854 6.96 522 

10 mg 
 

Living 28.8 2160 13.30 1000 28.48 2136 

Dead 5.93 445 8.01 601 1.37 118 

15 mg Living 5.08 381 15.49 1162 30.50 2280 

Dead 18.73 1405 14 105 7.8 586 



The strain of Aspergillus fumigatus used in the present study was isolated from soil treated with basic 
fuchsin solution over 90 days so it is expected that the strain has greater tolerance to basic fuchsin. A 
comparison of the biosorptive capacity of living as well as dead mass of A. fumigatus showed that, at 
250 ppm dye concentration, the living mass was more effective than the dead mass. At 500 ppm dye 
concentration, the dead mass was comparatively more effective. But at 750 ppm the efficiencies of 
both living and dead fungal mass were reduced compared to that at 250 ppm and 500 ppm dye 
concentrations.  
It has been reported that increase in dye concentration after a certain limit is accompanied by decrease 
in the removal of dye. Omar, (2015) attributed the decreasing decolorization of dye at higher dye 
concentration to the higher concentration of dye being toxic to metabolic activities. Ogugube and 
Sawadis, (2011) and Kumar, (2013) also confirmed the result that, the decreasing decolorization of dye 
at higher dye concentration to increase in dye toxicity due to inhibition of cellular metabolic activities. 
In case of still higher concentration, a slight recovery by living biomass may be due to induction of 
stress tolerant mechanism.  
Balut et al., (2006) and Kalaiarasi et al., (2012) concluded that, in case of dead biomass, at low 
concentration there will be unoccupied active sites on the adsorbent surface and the number of 
available binding sites increase with an increase in biosorbent concentration. This was due to the fact 
that almost all the ions were bound to the biomass at the establishment of equilibrium between the 
dye molecules bound to the biomass and those remaining un-adsorbed in the solution (Vasanthkumar 
et al., 2006). 
At 750 ppm concentration, dye decolorization decreased sharply with both type of biomass. It may be 
due to the fact that increase in dye concentration beyond a certain limit leads to greater competition 
between the dye molecules for the limited binding sites, so this leads to reduction in extent of 
biosorption. Namdhari et al., (2012) suggested that reduction in decolorization by living biomass may 
be due to toxic effect. In case of non viable biomass of A. fumigatus it may be due to desorption Kumar 
(2013) and Kalaiarasi et al., (2012).  
(Bharathi and Ramesh, 2013; Mohammad Razi et al., 2017) reported that dye removal rate increase 
with an increase in contact time to a certain extent, it may be due to deposition of dyes on the 
available adsorption material, any further increase in contact time will not increase the uptake. Many 
studies as far as the effect of contact time have recorded that, initial uptake of dye was rapid but 
gradually slows down (Kabut and Taha, 2014). The situation is expected because a large number of 
vacant sites on the adsorbent surface are available at the initial stage (Uddin et al., 2002; Kalaiarasi et 
al., 2012). In case of living biomass, the increase in time of exposure to the toxic dye there may be 
decrease in metabolic activities. So that beyond a certain limit the efficiency of living biomass to 
adsorb the dye is expected to decrease.  
Analysis of the result of the present study suggested that an increase in biosorbent dosage at a certain 
limit results in increased removal of dye. Salleh et al., (2011) supported the result of the present study. 
Most of the workers reported that the number of available biosorption sites increase with an increase 
in biosorbent concentration but further increase in dosage did not improve biosorption 
(Vasanthkumar et al., 2006; Kumar et al., 2006; Pipiska et al., 2017). Lin et al., (2013) believed that at 
high biosorbent concentration cause aggregation, overlapping and overcrowding on adsorbent 
particles so that the adsorption capacity is decreased. Kumar (2013) observed decreasing adsorption 
of basic fuchsin with increasing biomass dosage.      
In the present study the maximum adsorption was found at initial dye concentration i.e. 250 ppm 
with 15 mg living biomass and 15 minutes of contact time (table-1). It may be due to at lower 
concentration, dye was less toxic to the living biomass. As biosorbent dosages (5 mg/100ml to 15 
mg/100ml) increase, the dye removal rate increased because the amount of sorption sites at the 
surface of adsorbent will increase by increasing the dosage of adsorbent. Hassani et al., (2015) and 
Seow and Lim,(2016) reported that a relatively strong increase in adsorbent dosage resulted in the 
increase of the removal efficiencies of basic green 4 (BG4) and basic yellow 28 (BG28) dyes at initial 
dye concentration. They suggested that increasing dosage of adsorbent will provides more surface 
area, thereby leading to more binding sites for the adsorption of pollutants. In the present finding the 
percentage of decolorization increased with time of incubation.  
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The result are accordance with Pratiwi et al., (2017) they obtained that percentage of decolorization 
gradually increased with incubation time, up to a point till it reaches the equilibrium. Gopi et al., 
(2012) observed that, in case of living biomass further increase in time of incubation did not show any 
significant effect on degradation activity. This may be due to the accumulation of some toxic 
secondary metabolite which inhibits fungal growth and show negative effect on overall dye 
degradation Phatake et al., (2015). 
At 500 ppm concentration, dead A. fumigatus biomass showed maximum adsorption (50.74%) at 10 
mg biomass and 5 minutes of contact time (table-2). At 750 ppm concentration of basic fuchsin living 
biomass was more effective than the dead biomass with 5 mg biosorbent dosage and 15 minutes of 
time interval (table-3). In the present findings at both the increasing concentrations (i.e. 500 ppm and 
750 ppm) decrease in dye biosorption was observed with both (living and dead) type of biomass in 
comparison to initial dye concentration (table-1). Rajasekhar (2014) also observed that at lower 
concentration the ratio of the initial number of dye molecules to the available surface area is low 
subsequently the functional adsorption becomes independent of initial concentration of initial 
concentration. At higher dye concentration the available sites of adsorption becomes fewer and the 
percentage removal of dye is dependent upon initial concentration. Amin, (2008) observed the effect 
of initial dye concentration on removing reactive orange dye where the percentage of removal was 
noticed to be decreased Mohammad Razi et al., (2017). In general, the increase in dye removal along 
with adsorbent dose increases because the amount of sorption site at the adsorbent surface will 
increase by increase of adsorbent dosage. But in the present study as the biosorbent dosage increase, 
the decolorization efficiency decreased which may be due to the overlapping, overcrowding and 
saturation of the biosorbent surface with the dye molecules (Das and Das, 2016). Dye removal rate 
increase with an increase in contact time to a certain extent but any further increase in contact time 
will not increase the uptake due to deposition of dyes on the available adsorption sites on adsorbent 
material (Bharathi et al., 2013; Mohammad Razi et al., 2017). In case of living biomass, increase in time 
of exposure to dye solution, the decrease in metabolic activities because dye toxicity causes reduction 
in biosorption (Gopi et al., 2012). Similar kinds of results were obtained by Al-Prol et al., 2017.      
Results for dosage of biomass and contact period at 250, 500 and 750 ppm were analysed statistically 
(Anova). There is no significance in variance were observed at 500 and 750 ppm for both dosage of 
biomass and contact period. But at 250 ppm concentration there is a significance of difference in Q-
Value were observed (F = 37.057) when contact period were taken into consideration.  

 

CONCLUSION 
Aspergillus fumigates effectively tolerate basic fuchsin dye at 250ppm concentration. Increase in dye 
concentration within the range of 500 to 750ppm resulted in gradual reduction in degradation process 
because at low dye concentration all the dye molecules present in the solution are able to interact with 
the binding sites.  Biosorption is very helpful and cost effective process then other technologies. In 
future it might be helpful to remove pollution from water bodies without creating secondary 
pollution problem. 
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