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Abstract--This study presents the ability of dried and nonviable biomass of fungal strain Aspergillus oryzae MTCC7691 to absorb coloring 

components of distillery spent wash  at different spent wash and biosorbent concentration.  Increasing spent wash concentration was directly 

proportional to biosorption profile up to certain time. Maximum color removal was found in 10 % spent wash with 0.5 gm sorbent of Aspergillus 

oryzae MTCC7691. pH range 2-4 was observed as most suitable for biosorption. Decolorisation  up to 58 % and 61% of 50% diluted spent wash 

was possible at pH 2 with 0.5 gm and 1 gm biosorbent concentration of Aspergillus Oryzae MTCC 7691. Desorption profile of the absorbed spent 

wash components was maximum by using 75 % alcohol in the period of 80 - 100 minutes. Statistical clarification of the biosorption equilibrium  was 

presented with  Langmuir and Freundlich adsorption model  and the obtained  information was the proof for an best possible fitness to these 

isotherms. Kinetic parameters point out the supremacy of pseudo second -order kinetic model by Ho for adsorption. 

Key words: Aspergillus oryzae MTCC7691, Biosorption,  Decolorisation, Distillery, Isotherm, Spent wash.  
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1. INTRODUCTION 

Disposal of industrial effluent to soil and water 

bodies can have a profound impact on the environment, 

as it contains many potentially hazardous chemicals. 

Most of the industries release a heavily colored 

wastewater; which causes color contamination problems 

in natural water bodies. Most of the colored components 

in such wastewater are recalcitrant and remains 

unaffected through various stages of effluent treatment 

plants. Their recalcitrant nature protects it from 

biodegradation by various microbes, hence it remains 

persistent in soil and water bodies for long time. 

Contamination of soil, ground water and surface water 

with such untreated and partially treated effluents 

generate serious human health problems. 
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One such effluent is the distillery industry 

effluent- spent wash.  Distilleries, alcohol fermenting  

industries are listed among the most environment 

polluting industries, with 28 to 36 billion liters of spent wash 

generation for 2.4 billion liters of alcohol production per year in 

India [1]. Mainly in India and brazil, where sugarcane is a 

major cash crop, distilleries uses molasses – a  byproduct 

of sugar industries, as a raw material for the alcohol 

production. After fermentation by yeast, alcohol is 

recovered by distillation and  spent wash- a dark brown 

colored liquid, with acidic pH (2.5- 4),  remains behind. 

[2].  Due to presence of high organic and inorganic 

contents in concentrated form, it is a complex mixture 

with high biological (30,000-90,000mg/l)  and chemical 

oxygen demand demands (45,000 to 75,000 mg/l) 

resulting in heavy  pollution potential [3]. A recalcitrant 

brown polymeric pigments, ‘melanoidins’is reported to  

impart intense brown color to it [4]. Such  coloration of 

this colored effluent is responsible to cause color 

contamination problem  in natural water bodies. An 

antioxidant property of melanoidins makes them toxic to 

many microorganisms [5, 6,7]. 

Thus, spent wash disposal even after 

conventional treatments (dilution, biomethanation, 

amendments with soil, etc.) is hazardous and has high 

polluting potential because of the accumulation of 

nonbiodegradable recalcitrant compounds [8,9;]. On the 

other hand Increasing awareness of harmful effects of 

such  pollutants on ecology as well as on human health, is 

leading to significant increase in research to develop 
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those technologies, which may be applied to remove the 

contaminants from industrial waste effluent.[ 10]. 

Various methods like,  oxidation process is used 

for treatment of waste water, such as ozone, single 

hydrogen peroxide, Fenton’s reagent [11]. In most of the 

Indian distilleries biological treatment which includes  

anaerobic digestion generating  methane  as biogas is 

followed with  decrease of  BOD and COD. However, the 

success rate of most of these  methods increases if applied 

after physico - chemical treatments [12]. The major 

problem encountered with distillery effluent treatment is 

the color which remains persistent  even after biological 

treatment due to the presence of recalcitrant compounds 

like caramelized sugars, melanoidins, sugar 

decomposition products, anthocyanins and tannins, and 

other xenobiotic compounds Conventional processes 

hardly remove these constituents from the disti1lery 

effluent. [13]. Biodegradation of melanoidins  by various 

microbes is also found to difficult  at large scale due to its 

recalcitrant nature. Also high temperature of effluent, 

high  concentration of  polluting components, acidic pH, 

these  conditions are inhibitory to the microbial 

growth[14].  

 In most of the earlier reports, the role of white 

rot fungi has been discussed for the decolorisation of 

spent wash. White rot fungus Phenarichateae chrysosporium 

decolorized 6.25 % spent wash GPY medium by 85 %, 

[15]   and  74 % [16]  after 10 days incubation.  A 

facultative anaerobic pure bacterial culture achieved 31 % 

decolorisation & 57 % COD reduction after 7 days 

incubation [17]. Attempts  for continuous decolorization 

of spent wash with immobilized P. chrysosporium on 

polyurethane foam disks was successful with easily 

available carbon source as glucose. [18] In above cases 2-3 

% sugar as carbon source with other essential nutrients is 

reported to  use and decolorisation was attempted  after 

7-10 days. 

Few efforts were attempted to decolorize spent wash by 

using reticulated polyurethane foam  which holded on  a 

support nylon cloth core [19]  alginate immobilized two-

stage bioreactor system [20], synthetic resin polyurethane 

foam [21], pollutant degradation using immobilized 

fluidized bioreactor [22]. Anaerobic digestion through 

fixed-film, granular bed anaerobic baffled, upflow 

anaerobic sludge blanket, diphasic, and contact 

bioreactors [23,24,25]. Among white rot fungi, lignin 

peroxidase (LiP), manganese peroxidase (MnP), and 

laccase activities were attributed for detoxification of 

recalcitrants from distillery spent wash [26]. However, 

the above studies employed (1) costly matrix for 

immobilization and (2) dilute spent wash demanding 

more water for biotreatment.  

Physico-chemical treatment methods, are also   

widely reported   to remove color and specific organic 

pollutants in the spent wash. Among these, activated 

carbon is a well-known adsorbent due to its extensive 

exterior area and  high adsorption capacity [27]. Even low 

cost adsorbents such as pyorchar (activated carbon in 

granular and powdered form, manufactured from paper 

mill sludge) and bagasse flyash have also been reported  

for same  application [28].  Bagasse fly ash contains  high 

carbon content and   adsorbed organic material further 

enhances  its heating value, so it is not abetter alternative. 

Another one  adsorbent derived from  exoskeleton of 

crustaceans is a carbohydrate polymer chitosan  also 

reported to use  in  treatment of distillery wastewater as 

an anion exchanger [29]. 

Biomass of some microorganisms, viz bacteria, 

fungi and algae, is capable of reducing color of different 

textile dyes either  by biosorption, biodegradation or 

mineralization [30] Geotrichum candidum and Rhizoctonia 

species are reported to partially eliminate the maillaird 

colour compounds [31]. Miranda et al reported color 

reduction  from molasses spent wash using Aspergillus 

niger through adsorption, Presence of melanoidin like 

pigment in the cytoplasm  of mycelia cells was detected 

by electron microscopy  [32].   

In the focus of above studies, present   

investigations were undertaken   to study the spent wash 

colorants adsorption pattern by nonviable biomasses of 

Aspergillus oryzar MTCC 7691 in batch cultures.  The 

special effects of experimental circumstances such as 

effluent concentration, Biosorbent concentration, 

temperature and pH were also examined to obtain data  

on adsorption behavior of the fungal biomass.  

  Microbial cell surface carries various functional 

groups like   hydroxyl, carboxylate, amino, and 

phosphate which are accountable for the confiscation of 

harmful materials  from industrial sewage. [34]. The 

ability  of dead biomass was found to be higher  due to 

upper adsorption strength, change in surface property 

and increase in surface area due to cell rupture  after 

death which was found in autoclaved biomass.  Heat 

exposure can alter surface binding sites via denaturation 

of proteins present on the cell wall. Additionally, these 

pores decrease the mass transfer resistance  and ease the 

diffusion of color particles because of  high internal 

surface area with low diffusional conflict  which implies 

high adsorption efficiency and  rate . 

This work stems from the work done on biosorption of 

dyes and their mixture using dry and dead fungal 

biomass [ 33,34,35] and removal of heavy  metals  in 

biological  system [36,37]. Among the various sustainable 

techniques suggested, biosorption technology is gaining 
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attention of scientists, as easy and quick recovery of 

environmentally toxic pollutant can be achieved from the 

waste effluent.  Particularly, it can be applied for 

effluents, containing  organic pollutants and has been 

studied since 1980.  It is a process that uses sorption 

ability of  biological material for the removal of pollutants 

 

2. MATERIALS AND METHODS 

  Distillery spent wash was collected from a 

locally situated distillery industry and stored at 40 C The 

max values and optical density of different concentrations 

of spent wash  was  determined on  UV- visible 

spectrophotometer (Shimadzu UV- 1601).   

 2.1 Isolation and taxonomic identification of 
fungus  

The strain of  Aspergillus oryzae MTCC 7691,  

isolated in our laboratory and identified at MACS 

Agharkar Research Institute, Pune and then deposited at 

MTCC Chandigarh,  was used  as a biosorbent. The 

culture was maintained on PDA slants (HI MEDIA) at 

40C.  The composition of PDA was (Gms/Lit.) Potato 

infusion from -200, Dextrose -20. Agar-15, final pH- 5.6+ 

or -0.2. and distilled water 1000 ml.  

2.2 Preparation of fungal biomass 

 Five day old spore suspension (106 spore/ml) of 

Aspergillus oryzae MTCC 7691 was inoculated in  5000 ml 

capacity conical flask, containing 2000 ml of potato 

dextrose broth medium and incubated for 72 hrs. on a 

rotatory shaker having speed of 130-140 rpm. After good 

growth fungal mycelia pellets  were strained through 

150μm sieve, washed twice, with tap water and then with 

de-ionized  water until free from  media components and 

to neutralize the pH.  

2.3 Nonviable biomass 

To enhance the biosorption capacity of fungal 

biomass heat treatment is reported [35]. Hence biomass 

was autoclaved at 15 psi and at 1210C, for 20 minutes. 

Nonviable, autoclaved biomass was dehydrated in an 

oven at 40 to 500C and then  was  crushed thoroughly in a 

mortar and pestle to get fine powdered form.  This 

pulverized biomass was sieved through a 150 μm 

opening size sieve. Fine powdered particle size has been 

shown to give maximum biosorption, as it provides more 

surface area for adsorption and adsorption. 

2.4 Batch mode experiments and  Biosorption 
studies 

Batch mode experimentation were conducted  to 

investigate effect of parameters, like initial concentration 

of spent wash, agitation time, dosage of the biosorbent 

and pH influencing the rate and extent of uptake of 

colorants in the spent wash by dead fungal biosorbent. 

1gm of dried powdered biomass as the absorbent  was 

added in 100 ml of 30 % spent wash (30 ml spent wash 

+70 ml water) in a 500 ml capacity conical flask. Contents 

were mixed on the rotator shaker at 130-140 rpm, for 30 

minutes and then filtered through what man filter paper 

No.1. Biosorption was confirmed with decreasing optical 

density of filtrate, which was monitored on UV- visible 

spectrophotometer (UV- visible, Shimadzu, 1601) at 

475nm, as the max of melanoidin in the spent wash is 

475nm. The initial and final absorbance values obtained 

were then used to calculate percentage decolorization of  

spen twash: 

% Color removal = (Co- C1 )/C0 x 100 

C0=lnitial absorbance value 

C1 =final absorbance value  

2.4.1 Effect of spent wash concentration and 
agitation time   

Bioorption profile of spent wash (adsorbate)  of 

varying concentration at different time interval was 

studied by taking spent wash concentration in the range 

of 10 % - 60 % and time interval of 05  minutes from 10 to 

30 minutes. 10 % -60 % concentrations of  100 ml spent 

wash was  prepared in 250 ml Erlenmeyer flask and to 

these 1gm of dried powdered biomass  was added as the 

absorbent. The mixture was agitated at 125 rpm on  

shaker at constant 30°C temperature. After  the 

equilibrium period, absorbent was  separated by 

centrifugation at 10000 rpm for 15 mins and the residual 

concentration of adsorbate left in  flasks was  determined. 

From this, the amount absorbed colorants was calculated. 

A plot was drawn to determine the optimum 

concentration and agitation time.  Control experiments 

were carried out without absorbent to estimate the 

adsorbate removal due to adsorption on to the walls of 

the flasks. Residual part was dried at room temperature 

for 3 days and preserved for further desorption studies  

 

2.4.2 Effect of Adsorbent dosage 

Biosorption profile of spent wash (adsorbate)  of varying 

concentration at different biosorbent concentration 0.5 - 

2.5 gms in each 100 ml diluted spent wash  having 

concentration in the range of 10 % - 60 %. The mixture 

was agitated at 150 rpm, at 30°C for the equilibrium 

period of 20 minutes. After the equilibrium period, the 

adsorbents and the adsorbate were separated and the 

amount adsorbed colorants  was determined. Thus the 

optimum adsorbent dosage for maximum color reduction 

in each concentration of spent wash   was determined. A 
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graph was plotted with adsorbent dosage vs percent 

adsorbate removal for 10-60% concentration of spent 

wash.   

2.4.3 Effect of pH 

The adsorbate solutions (50 %) spent wash were prepared 

at various levels of pH (2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 

10.0 and 11.0) using either 0.l M HCl or 0.l M NaOH as 

per need. These are agitated with optimum dosages of 

absorbents (0.5 gm and 1 gm of dead biomass). The 

amount of color adsorbed was calculated. The optimum 

pH was determined from the plot drawn with pH against 

percent color removal. 

2.5 Desorption profile  

 After determining the sorption profile of spent 

wash of different concentration by dead fungal biomass, 

the possibility of recycling the biosorbent was 

investigated. Desorption of the spent wash components 

was tried initially using  50 % ethanol. Sedimented and 

dried biosorbent in each flask were collected separately 

and unabsorbed components on the pellets were 

removed by   smoothly washing the pellet  with distilled 

water. Then one set of spent wash  adsorbed samples was  

resuspended  in flask having 50 ml of 50 % ethanol 

keeping it on  magnetic stirrer and monitored at different 

time intervals of  0,  30, 60, 90, 120 and 150  mins using 1.0 

N NaOH as a desorption agent and agitated for the 

equilibrium time of respective adsorbate. 5 ml aliquots 

were removed at time interval of 30 minutes and 

whatever color desorbed was estimated 

spectrophotometrically at 475nm. 

2.6 Adsorption isotherms and kinetics:  

To design  any sorption system for  removing  

the sorbets, it is important to set up the most suitable 

correlationship for the equilibrium curves [39].  These  

equilibrium sorption capacity curves can be studied by 

plotting  the sorption isotherm. The Freundlich and 

Langmuir adsorption isotherm models are extensively 

reported  to analyse data for water and effluent 

remediation treatment [34]. Hence, here also obtained 

data were fitted in  the Freundlich and Langmuir models. 

To determine the appropriate model for the sorption 

system, the obtained data showing an amount of sorbate 

adsorbed on the sorbent surface are substitutded into an 

equilibrium isotherm model. By using this correlation, 

any deviation in the volume of sorbent with the amount 

of sorbate molecules present   in solution is calculated  

The Langmuir plot was plotted using the equilibrium 

time curves data (i.e. the adsorbate concentration was 

varied, while the  adsorbent dose was fixed). While 

equilibrium data with  adsorbent dose effect (i.e. the 

amount of adsorbate was fixed, while the adsorbent dose 

was varied) predicted the Freundlich plot.  

3. RESULTS AND DISCUSSIONS 

The main purpose of the this  research investigation was 

to access  the feasibility of biological removal and 

recovery of toxic colored components of spent wash by 

recycling the dead fungal biomass. Distillery  spent 

wash discharged from distillery, needs pretreatment due 

to its hazardous impact on  natural water bodies and on 

dumped soil. Due to very high pollution load and 

recalcitrant nature of melanoidins, spent wash is 

difficult to treat by  conventional processes. Hence 

alternative, economic technology need  to be 

investigated. Biosorption of heavy metals and other 

organic pollutants have been studied extensively by 

various scientists  [33-38]. An adsorption potential  of 

heavy metals by marine algae is well  reported   for 

economic feasibility of the method  than removal by ion 

exchange chromatography [40].  Fungal biomass  can be  

obtained  economically and also as a waste  from a 

variety of fermentation industries [41]. Use of nonviable 

fungal biomass has various advantages like no need of 

nutrients and easy regeneration [42].  Dried non living  

treated biomass  of fungi may  be a better  alternative as 

biosorbent  for removal of  colored components present 

in  waste effluent. Few  studies are available  removal of  

dye with dead fungal biomass [33,34].   Application of 

nonviable biomass of yeast is also reported for 

biosorption of some anionic textile dyes [35].  Reports 

are available onuse of  native, heat-, acid- and alkali-

treated biomasses of Neurospora intennedia for the 

adsorption of colored components of distillery effluent 

inbatch cultures [39]. However decolorisation of spent 

wash through biosorption by dead fungal biomass   is a 

novel approach for spent wash treatment.  

 
3.1 Effect of concentration of spent wash and 
agitation time 

 Initially at 10 % spent wash concentration, 

maximum sorption was possible within 10 minutes. 

Increasing spent wash concentration was directly 

proportional to biosorption profile up to equllibrium  

time. After 15 minutes no increase was found in 10-40 % 

spent wash concentration.  While in case 50 % and 60 % 

spent wash  decolorization was found up to the 20 

minutes. Maximum   color removal of 50 % and  60 % 

spent wash by dead fungal biomass was  47 % and 55% 

respectively   after 20 minutes (Figure 1).   
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Fig.1: Sorption profile of spent wash of  varied concentration at 
different time interval  by 1gm biosorbent of Aspergillus   oryzae 
MTCC 7691. 

3.2 Effect of Adsorbent dosage  

Increasing biosorbent concentration did not show any 

significant increase in biosorption (Figure 2). This effect 

can be explained as 'relatively high concentration of the 

biosorbent in the solution might be blocking the binding 

sites of biosorbent  due to reduced distance between 

biosorbent [44,45].  Two way interactions of increasing 

spent wash and  biosorbent concentration were  not 

found effective because maximum color removal was 

found in only 10 % spent wash with 0.5 gm sorbent of A. 

oryzae MTCC7691. 

 

 

Fig.2: Sorption profile of  spentwash at varied biosorbent 

concentration of Aspergillus oryzae  MTCC 7691 after 20 minutes.  

 

3.3 Effect of pH  

 Process of biosorption is governed by solution pH [46]. 

pH range 2-4 (acidic) was observed as most suitable. As 

shown in figure 3, Increasing  pH found to reversibly  

affect on biosorption mechanism.  It was a significant 

observation because original pH of the spent wash was 

also 2- 4 , which offers the advantage that no needs to 

adjust pH before biosorption treatment. We could achieve 

61 % and 58 % decolorisation of 50 % diluted spent wash 

at pH 2 with 0.5 gm and 1 gm biosorbent concentration of 

Aspergillus. oryzae MTCC 7691 . 

3.4 Desorption profile 

Optimum time required for desorption of  spent wash 

colorants of various concentrations from dead biomass 

was found to be 100 minutes. Desorption profile of the 

absorbed spent wash components by using 50 % alcohol 

in the period of 80 - 100 minutes. (figure 4). Maximum 

desorption of 69.9 % at 50 %  spent wash  concentration 

and 66 % at 60 % was observed at 100 mins and a similar 

pattern of desorption was observed after 120 minutes. 
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Fig. 3:  Effect of pH on biosorption of 50% diluted spent wash by 
dead biomass of  fungus Aspergillus oryzae MTCC 7691 
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Fig. 4: Desorption profile of spent wash by dead biomass of fungus 
Aspergillus oryzae MTCC 7691. 
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3.5 Adsorption isotherms and kinetics  
3.5.1 Langmuir isotherm 

This  isotherm is supported on theory of monolayer 

adsorption on a surface holding restricted capacity of 

adsorption sites of  homogeneous energies of adsorption 

with no transmigration of adsorbate on the plane of the 

surface.  Langmuir isotherm  is given by [47],  

       qe = Qbce / 1+ bce 

Here, Ce is the equilibrium concentration of spent wash  

solution (%), qe is the quantity of spent wash colorants 

sorbed on to fungal biomass (%), Q is the Langmuir 

constant associated with  sorption ability (%), b is the 

Langmuir constant related to sorption energy (%). Data 

obtained for the sorption of spent wash colorants  in the 

concentration range of 10 to 60 % of spent wash was  

fitted to the Langmuir isotherm (Figure 5). A plot of Ce/qe 

versus Ce presented a straight line, the slope and intercept 

of it correspond to Q and b respectively. The computed 

correlation coefficients and the Langmuir constants for 

different concentrations of spent wash  are presented in 

Table 1. The R2 value was 0.9716.  

 One more dimensionless equilibrium parameter (RL ) can 

be estimated using the following relation, 

 RL = 1/1+bco  

Where b is the Langmuir constant and Co is the initial 

Spent wash  concentration (%).  

.It  is used to predict if an  adsorption system is 

‘favorable’ or ‘unfavorable’ . RL is > 1.0 then (system is  

Unfavourable),  L= 1.0 (Linear), 0< RL< 1.0  (Favorable) 

and RL = 0 (Irreversible) [34]. 

Numerical calculations demonstrate that this parameter 

gives an hint of type of isotherm. [48]  The values of RL 

(Table 2) were between 0 and 1 for selected spent wash 

concentrations  which indicate the applicability of the 

Langmuir  isotherm. 

3.5.2 Freundlich isotherm  

Another form of Langmuir approach for adsorption on 

amorphous surface is Freundlich isotherm [49], which 

was tested in the linear form 

                                         Log qe= logKf + 1/n log Ce 

Where, Ce is the equilibrium concentration of spent wash  

colorants (%), qe is  colorants (%)  in the spent wash  

adsorbed/min  on to biomass of A. oryzae MTCC7691 and  

When log qe was plotted against log Ce, a linear plot was 

obtained for each of the concentration tested. Freundlich 

plot obtained for Figure 6. The Freundlich constants 1/n 

(Intensity of adsorption) and Kf  (Adsorption capacity) 

were computed from the slope and  intercept of the plot. 

The computed correlation coefficients and Freundlich 

constants for the different spent wash concentrations 

were  studied are presented in the Table 1. The R2 values 

for Langmuir  equation ( 0.9716) were higher than those  

obtained for Freundlich equation (R2= 0.9639). The 

constant 1/n showed the sorption intensity and its  

fractional value (0<1/n<1) showed the heterogeneous  

nature of sorbent surface. The calculated sorption  

capacity of dead biomass for spent wash was 5.28% / min. 

3.6.1 Lagergrens first order model  

The study of adsorption kinetics explains  the solute 

uptake rate, which is most important for batch 

experiment study [34]. For a batch, where the rate of 

adsorption of color on  the surface is proportional to the 

amount of colorants  adsorbed from the liquid phase, for 

this pseudo first order kinetic equation may be expressed 

as,  

                                dqt/qt=Kad (qe-q) 

Where q and qe are the amount of color of adsorbed (%) 

at time t and at equilibrium time, respectively and K ad is 

the rate constant of adsorption. 

                           

 

 

 

 

 

Fig. 5: Langmuir plot for spent wash biosorption by dead biomass. 

 

 

 

 

 

 

 

 

Fig. 6: Freundlich plot for spent wash biosorption by dead biomass. 
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Integrating above  Eq. for boundary conditions t = 0 and t 

= t and q = 0 and q = q, gives [34],  

                                Log (qe-q)= log qe – Kadt/2.303 

Figure 7 showed  a linear plot of    pseudo first order 

kinetic model at all studied spent wash concentrations. 

The values of  pseudo first order  rate constants Kad   and 

equilibrium adsorption capacity qe  is calculated from  

slope and intercept of plot of  log (qe-q) verses t. The 

calculated Kad, experimental and predicted qe, with 

corresponding correlation coefficient values ( R2) are 

presented in Table 2. Correlation coefficient for pseudo 

first order kinetic model obtained for all concentration of 

spent wash were low and the predicted qe  values 

deviated reasonably from the calculated values. The rate 

constant (calculated Kad,) of   pseudo first order increased 

with increasing initials pent wash concentrations. 

   3.6.2 Ho’s pseudo second order model  

This type of kinetic model is expressed as,  

dq1/qt =K2 (qe-q1)2   

Here,  K2 is the pseudo second order rate constant, qe and 

q1 represents the percentage of color adsorbed  at 

equilibrium and time t. 

An integral form of above equation is, 

qt = t/ 1/ K2 qe2 + t/qe 

t/q1 = 1/ K2 qe2 + t/qe  

The kinetic data was analysed using the equation . The 

values of the K2 and qe were calculated from intercept of 

the slope of the plots t/qt verses t . Corresponding R2 

values are given in Table No 3  

The constant K2 was used to calculate the initial sorption 

rate h as follows [34] ,  

               h = K2 qe2  

Initial sorption rate decreased with increasing spent wash 

concentration. Linearised appearance of pseudo second 

order kinetic model at all concentrations of spent wash is 

shown in figure  8  The correlation coefficient (R2) for the 

pseudo second order kinetic model obtained for  all 

concentrations of spent wash were high and prediacted 

qe values deviated reasonably from the experimental 

values. Further, the pseudo first order model did not fit 

well for the given rate of contact time suggesting that the 

adsorption system for this experiments follows second 

order kinetic model. 

 

4. CONCLUSION  

Despite of having variety of  physico-chemical and 

biological process, an efficient environment friendly  

approach  for distillery spent wash treatment has 

stimulated the interest   in exploring novel means. In this 

method under optimized   conditions developed in our 

laboratory, a biological matrix is used to specifically 

adsorb ecotoxic color components including melanoidin 

from spent wash. This surface binding involves specific 

chemical sites or functional groups on the cell wall, 

performance of which is affected by pH and other ions. 

 Application of this technique for the treatment of 

distillery effluent would provide an answer to its 

economic feasibility.  The experiment  carried out on this 

subject prove the ability of nonviable microbial biomass  

to treat distillery waste water and to remove selectively 

toxic, coloured components (melanoidins) of spent wash. 

Further recovery of remaining components from used 

biomass focus the steps of depollution.   Such advantages 

makes it  an easy, cost-effective, ecofriendly and a rapid 

technology to reduce the pollution potential of the 

distillery spent wash. Thus microbial biosorption of spent 

wash can become viable, future technology for spent 

wash treatment.  The feasibility of the method was cross 

checked by subjecting the results obtained in   Langmuir 

isotherm and Freundlich  isotherm models.  Among the 

kinetic models studied, Ho’s pseudo second order 

modelwas found to  relevant to best explain  the above 

type of  biosorption mechanism carried out with fungal 

biomass. 

TABLE 1 

Langmuir and Freundlich Isotherm Constants 

 

 

 

 

Langmuir constants Freundlich constants 

Q(mg/g) b 

(L/mg) 

R2 Kf 1/n R2 

 0.3257 0.9716 3.4584 0.4382 0.9639 
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TABLE  2 

RL, R2 and Rate Constants of Lageren I Order Kinetic 

Model 

 

TABLE 3: 

 Values of K2, h and  R2 in  Ho’s pseudo second order 

model:  

 

 

 

 

 

 

 

 

 

 
 
 

 
 
 

 Fig. 7:  Pseudo-first order plot  for spent wash biosorption by     
dead biomass. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

          

 

Fig. 8: Pseudo-second order plot for spent was biosorption          

by dead biomass. 
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