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ABSTRACT 
Industrial effluent contains chemicals and heavy metals that are harmful to human health and 
ecosystem. Distillery industry generates 15 liter (L) of spent wash for 1 liter of alcohol 
produced and the volume of effluent would be 60 to 100 liters per liter of alcohol. Recent 
developments in biotechnology have given positive indication in biomembrane separation, 
where biomembrane in their native or modified states may be used as alternative to 
conventional separations. The present study investigates the use of fungal biomass as a 
Biomembrane for effluent treatment. The distillery effluent contains the metal ions such as 
Zinc, Copper, Iron, Manganese, Lead, and Melanoidin pigment. <br><br> 

Biomembrane (chitosan) prepared by deacetylation of chitin (cell wall of <i>Aspergillus 
niger</i>) act as biodegradable, non toxic polymer to recover heavy metals, decolorize, and 
deodorize the distillery effluent. <i>A. niger</i> as dry powder, liquid culture, mixed 
culture and chemically modified was mixed with effluent at various ratios and agitated at 
different speeds to carry out the extraction studies. Chemically modified Biomembrane was 
found to enhance the process. The percentage recovery was high in chemically modified 
biomembrane (Fe-82.88%) and non modified biomembrane (Fe-82.37%) compared to 
conventional liquid membrane (Fe -25.7%). 
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INTRODUCTION  
Distilleries are one of the most important 

agro based industries producing ethyl alcohol 
for industrial and potable uses. They have 
also gained importance due to growing 
requirement of alcohol in every sector. 
However, their environmental significance is 
assessed as pollution units generating large 
volume of foul smelling and colored 
wastewater known as spent wash. 

The spent wash is the major waste in a 
molasses distillery while its yeast sludge 
waste is dried and used as manure. Some of 

the distilleries however combine yeast sludge 
with spent wash stream in addition to cooling 
and condenser waters, floor washings, 
fermenter wash water which together 
contribute to the bulk of effluents. Though 
distillery effluent do not contain any toxic 
substance, it creates toxic condition in the 
receiving streams by immediate depletion of 
dissolved oxygen resulting in massive fish 
killing, destruction of aqueous flora and 
fauna, production of foul odor and 
discoloration of streams. Even the disposal of 
conventionally treated sewage waste is 
hazardous as it contains mostly dark brown 
colored recalcitrant compound referred to as * Author for correspondence 
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Melanoidins, heavy metal ions and has an 
unpleasant smell of burnt or caramelized 
sugar. Melanoidins are formed by the Millard 
amino-carbonyl reaction1. These compounds 
have antioxidant properties and are toxic to 
many microorganisms including those 
generally involved in wastewater treatment 
processes2. 

A wide range of physical and chemical 
processes is available for the removal of 
heavy metals from wastewater, such as 
electro-chemical precipitation, ultra 
filtration, ion exchange and reverse osmosis. 
A major drawback with precipitation is 
sludge production3. Thus, new technologies 
are required to decrease the metal ion 
concentrations to environmentally acceptable 
levels at affordable costs4. 

Natural wastes such as shells of crab, 
cuttlefish and shrimp from food-processing 
operations and beet pulp, coconut meal from 
agricultural sources may also have potential 
to be used as low cost adsorbents, as they 
represent unused, widely available and 
environment friendly resources5. Bacteria, 
fungi, algae, and yeasts are able to remove 
metal ions from their surrounding 
environment by means of physiochemical 
mechanisms- as adsorption and metabolic-
dependent activity- as transport. Some 
physiochemical interactions may be 
indirectly dependent on metabolism through 
the synthesis of certain cell constituents or 
metabolites that may act as metal chelators or 
create an environment that induces metal 
precipitation or depositions. In this way, 
living and non-viable biomass as well as 
their by-products can accumulate metal ions.  

Natural biopolymers (biomembrane) are 
industrially attractive because of their 
capability of lowering transition metal-ion 
concentration to parts per billion 
concentrations. The chemical modification of 

biomembrane using oleic acid improves its 
metal removal performance and hence helps 
to reduce the cost of waste disposal, and 
most importantly, provides a potentially 
inexpensive alternative to existing 
commercial activated carbon. 

MATERIAL AND METHODS 
A. Recovery of Heavy Metals 
 Conventional Emulsion Liquid 

Membrane : This is a chemical method 
used for the recovery of heavy metals. In 
the present work the extraction of heavy 
metals using emulsion liquid membrane 
is composed of petroleum ether as 
solvent, water as internal stripping phase, 
tri-ethanol amine (TEA) as emulsifier 
and oleic acid as a carrier. The effect of 
emulsifier concentration on emulsion 
stability and the effect of   emulsion to 
distillery effluent ratio, agitation speed, 
carrier concentration, and pH of internal 
and external phase on the percentage 
reduction in solute have been studied to 
optimize the operating parameters. The 
Emulsion Liquid Membrane was 
prepared initially for various emulsifier 
concentrations in the range of 1.0 to 2.5 
per cent (v/v) and agitated for 40 min at 
a speed of 4000 rpm to check for its 
stability. It was observed that the 
emulsion stability was maximum at a 
composition of 

- 50 per cent water as internal stripping phase,  
- 45 per cent petroleum ether as solvent,  
- 1.0 per cent TEA as emulsifier and 
- 4.0 per cent of oleic acid as carrier.  

Hence, it was planned to carry out 
extraction studies with the above 
composition of emulsion system. It was  
also found that emulsion system was 
unstable beyond this range of emulsifier 
concentration6. 
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The batch extraction was carried out at 
1:10 ratio of emulsion and distillery effluent, 
added and mixed. The mixture was agitated 
using the agitator for 40 min at a speed of 
4000 rpm. Then it was taken out and poured 
in a separating funnel and kept over night. 
The parameters were studied using Atomic 
Absorption Spectrophotometer (AAS). 

 Biomembrane 

Cultivation of fungi species for biomass 
production : The fungal species Aspergillus 
niger were isolated from the bread and 
maintained on Malt Extract Agar (MEA) for 
approximately 4 days until the plates were 
fully grown and  mass cultivation was done 
from this . A 10% inoculum of spores or 
cells was transferred in 1 liter conical flask 
containing the cultivation medium for the 
transfer of fungal cultures. Sterile needle or 
loops was used to transfer the spores in 
culture medium. After inoculation, the 
organisms were grown at 25ºC and 140 rpm 
for three days. 

The conical flask contained 300 ml 
sterile cultivation medium (pH 6.0) consisted 
of Citric acid-0.15 gram per liter (g /L), 
(NH4)2SO4-2.50 g /L, MgSO4.7H2O-0.50 g 
/LKH2PO4-6.00 g /L, CaCl2.2H2O-0.04 g /L, 
Yeast extract-3.0 g /L and Glucose-20.0 g /L 

The medium was prepared by placing 
300 ml of distilled water in 1 L conical flask 
and then citric acid, (NH4)2SO4 
,MgSO4.7H2O, KH2PO4, CaCl2.2H2O, yeast 
extract, and glucose were added. Additional 
800 ml of distilled water was poured into the 
flask and the medium was aseptically 
dispensed into 1L conical flask and sterilized 
by autoclaving at 121ºC for 15 min. Then it 
is been taken out and inoculated and kept in 
shaker as described above. 

Harvesting of fungal biomasses : After the 
cultivation was completed, the fungal cells 
were harvested by filtration through 
Whatman number one filter paper and 
washed with 100 ml of distilled water. Half 
of the cells were immediately frozen at -
70ºC. The remaining half of the harvested 
cells was autoclaved to obtain dead biomass 
after which the same procedure was 
followed, namely storing of the cells. Fungal 
biomasses were pulverized in clean acid 
washed mortar and pestle and then passed 
through 0.45 µm sieve.  

 Method for using live culture : The live 
spores, which have been harvested are been 
taken out from the freezer and mixed with 
the distillery effluent in 1:10 ratio and been 
kept in the shaker. The samples are analyzed 
for the heavy metals by measuring the 
absorbance value at 2nd and 5th day interval 
using AAS.   

Method of obtaining chitosan from chitin-
containing fungal biomass : In general, the 
method comprises reacting chitin-containing 
biomass in a caustic solution followed by 
recovery of the chitosan from the solution. In 
one embodiment of the invention, the chitin-
containing biomass is a fungal biomass 
reacted in a caustic solution of greater than 
25 percent alkali at a reaction temperature 
from 105 to 125° C. for a reaction period of 
10 to 16 hours to convert the chitin in the 
biomass to chitosan.  

This method involves 250 grams of 
microbial biomass of Aspergillus niger 
which was mixed with approximately 250 
mL of alkali solution and the alkali biomass 
solution was heated in an autoclave for 30 
minutes at a temperature of 120° C. After 
heating, the warm solution was filtered, and 
the solids washed with deionized water until 
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the water ran substantially clear. This pre-
treated biomass can be immediately 
processed to deacetylate the chitin. A 
strongly exothermic reaction occurred, and 
the sodium hydroxide pellets dissolved into 
solution with the biomass and water. The 
polypropylene bottle containing the biomass 
in the alkali sodium hydroxide solution was 
placed in a preheated oven at approximately 
120° C. The bottle was loosely covered in 
order to allow escape of gases.           

The solution was maintained at a 
temperature of 120° C. for 16 hours, after 
which it was removed from the oven and 200 
mL of near-boiling water, was gently added 
to the solution. This hot mixture was filtered 
through filter cloth, and the solids were 
rinsed with additional hot deionized water. 
The solids, containing a chitosan-glucan 
complex, were rinsed with approximately 
500 mL of water approximately 10 times 
until the pH of the filtered solution was 
below 9. 

  After rinsing, the solids were 
transferred to a beaker and glacial acetic acid 
was added until a pH of between 3.5 and 5.0 
was obtained. The mixture was stirred for 
approximately 10 minutes to extract chitosan 
from the glucan, and the mixture centrifuged. 
The supernatant was collected in an 
Erlenmeyer flask; the residue in the 
centrifuge container may be rinsed with a 
slightly acidic solution to remove any 
additional chitosan and re-centrifuged. The 
supernatant containing dissolved chitosan 
from the two centrifuge steps may then be 
combined and further processed.  

The solution from the supernatant was 
moderately turbid, and was filtered through a 
1.5 μm membrane filter followed by 
filtration through a 0.7 μm membrane filter. 
The filtration through the 0.7 μm filter was 

repeated until no visible suspension was 
observed in the solution. After filtration, a 
solution of 10 percent sodium hydroxide was 
added to the filtered chitosan-containing 
solution, until a pH of between 10.5 and 11.5 
was obtained, a white solid containing 
chitosan is precipitated from the solution. 
The mixture was set-aside for 10 minutes 
until the precipitate is separated out of the 
solution. The mixture was decanted, 
followed by rinsing with water to remove 
excess sodium hydroxide. The basic mixture 
was placed in a centrifuge bottle, which was 
centrifuged and decanted. Additional 
deionized water was added to the centrifuge 
residue, which was shaken to suspend all 
solids, centrifuged again, and decanted. 
These steps of centrifuging, decanting, and 
washing were repeated until the pH dropped 
below 9.0. Care was taken to the chitosan at 
excessively high or low pH for long periods 
of time to avoid depolymerization or 
degradation. The resulting residue was freeze 
dried. 
 Chemically Modified Biomembrane 

Modification of the biomass of 
Aspergillus niger was carried out using three 
reagents 

Oxalic acid 
Oleic acid   
Ethylenediamine tetra acetic acid 
(EDTA) 
About 1 gram (g) of powdered biomass 

were separately placed in three clean 10 ml 
beakers and slightly moistened with 
deionized water. 7 ml of 0.05 Molarity (M) 
solution of EDTA, 0.1 M solution of oxalic 
and 0.1 M solution of oleic acid were 
separately added to each of the three beakers 
respectively. The acid/slurry was dried in the 
oven at 50ºC overnight. The modified dried 
biomasses were then washed with 20 ml of 
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distilled water to remove unreacted acid until 
the pH of the filtrate was near neutral. The 
modified biomass were again dried at 50ºC 
for 6 hrs, allowed to cool and then gently 
stirred with glass rod to return them to 
powdery form7. 0.3 g of the modified 
biomasses was taken to the distillery effluent 
and added in 1:10 ratio and been kept in the 
shaker. The samples are analyzed for the 
heavy metals by measuring the absorbance 
value at 2nd and the 5th day interval using 
AAS 
Treatment of Distillery Effluent with 
Chitosan : The recovered chitosan was 
reacted with the distillery effluent in 2: 1 
ratio in a 500ml conical flask. The mixture 
was shaked with help of continuous rotary 
shaker at 200 rpm for five days. The treated 
sample was centrifuged at 10000rpm for 15 
min. The supernatant was collected and 
analyzed in AAS for the heavy metal 
reduction. 

Modification of Chitosan with Oleic Acid : 
The chitosan molecule was modified with the 
help of oleic acid in order to improve its 
stability. The recovered chitosan molecule 
(20%)was reacted with 40% oleic acid and 
10% water as internal phase. The mixture 
was agitated at 250 rpm. The agitated 
mixture (membrane) was mixed with the 
distillery effluent in 2:1 ratio and shaked in a 
shaker at 250 rpm till five days. After that 
the mixture was transferred in reduce to the 
separating funnel and allowed to separate the 
mixture into two layers. The raffinate layer 
was collected and analyzed in the AAS for 
heavy metal reduction. 
B. Decolorization 

Removal of melanoidin pigment  from 
spent wash using Aspergillus niger in 
powdered form, liquid culture and as mixed 

culture( Aspergillus niger, Actinomycetes, 
Bacillus subtlis) in the presence of media 
supplements (glucose) has been tried for  
distillery effluent8. The distillery effluent was 
added to culture in 1:2 proportions, the 
sample was placed in shaker at 150 rpm for 7 
days. The sample was centrifuged at 
10000rpm for 10 min on 2nd and 5th day. 
After centrifugation the supernatant was 
taken from each sample and the optical 
density is measured using spectrophotometer 
at 475 nm. Also Gum Acacia, Activated 
Charcoal, Enriched Chitosan with oleic was 
added to distillery effluent in 1:2 proportions 
and tried with same procedure for 
decolorisation. 
C. Deodorization 
Chitosan modified with oleic acid : The 
chemically modified chitosan was obtained 
by mixing 20% chitosan with 40% oleic acid 
and 40% water  And to this distillery effluent 
is added in 2:1 ratio and kept in a shaker at 
150 rpm. The odor level is measured in terms 
of sulphate. Hence, the concentration of 
sulphate level is measured on   2nd and 5th 
day using Spectrophotometer. 

Immobilized pseudomonas putida : The 
Pseudomonas putida was immobilized in 
Sodium Alginates. About 2.0 g of Sodium 
alginate was dissolved in 100 ml distilled 
water and then mixed with the bacterial 
suspension. The mixture was then introduced 
into a solution containing 0.1M CaCl2 with 
syringe and the solution was stirred to 
prevent aggregation of the bacterial spores 
entrapped Calcium-alginate beads. The 
immobilized pellets were added to the 
distillery effluent in 1:10 ratio and incubate 
at 25 º C at 150 rpm in shaker. The sulphate 
level is been analysed on 2nd and 5th day 
using Spectrophotometer.  
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Mixed culture : Aspergillus niger, 
Actinomycetes, Bacillus subtlis are been 
taken in equal proportion and mixed .  To 
this mixture of organism distillery effluent is 
added in 1:10 ratio and incubate at 25 º C at 
150 rpm in shaker. The sulphate level is been 
analysed on 2nd and 5th day using 
Spectrophotometer. 

Liquid culture : Aspergillus niger culture is 
been taken and to this distillery effluent is 
been added in the 1:10 ratio and incubated at 
25 º C at 150 rpm in shaker. The sulphate 
level is been analyzed in 2nd and 5th day 
using Spectrophotometer. 

D. Analytical Methods 

 Percentage of Metal Recovery 

The percentage of metal recovered is 
calculated by using the formula 

%  Metal recovery = (Ai-Af/Ai)*100  ------(1) 

Where  

Ai  = Initial Conc. of metal in spent wash. 

Af = Final Conc. of metal in treated effluent 

 Decolorisation 

The decolorisation activity was expressed as 
% decolorisation 

% Decolorisation =  

1 −  OD of test at 475 nm     x 100  ------- (2) 

 OD of spent wash (blank)   

 Deodorization  

The deodorization was measured in terms 
sulphate concentration level. 

% Deodorization = (Ci-C0/Ci)*100 ---------(3) 

Where 

Ci= Initial conc. of sulphate in spent wash. 

Co= Final conc. of sulphate in treated effluent 

RESULTS AND DISCUSSION 

A. Recovery of Heavy Metals 

The conventional liquid membrane has 
the ability to remove the heavy metals6,9 but 
it requires more chemicals for its 
formulation, whereas the biomembrane 
(chitosan) obtained from A.niger have the 
ability to recover the heavy metals at cheaper 
cost. Further its efficiency can be improved 
by chemically modifying the biomembrane10 
(adding EDTA, oxalic acid, oleic acid as 
carrier molecule).  The percentage recovery 
was high in chemically modified 
biomembrane and biomembrane11 compared 
to conventional liquid membrane which is 
illustrated in Table 1 and Fig. 1 This 
enhancement is based on the use of cell 
constituents from the interior of the cells or 
break up of the cell wall and diffusion into 
deeper layers of the cell wall12.  

The liquid culture (live biomass) of 
A.niger is efficient in all heavy metals 
removal and decolorisation13. But growth 
requirements make it less cost effective. 
Whereas the dried biomass (dead biomass) 
has the ability to remove heavy metals but to 
a less extent compared to liquid culture in 
case of copper and cadmium14. But the 
advantage of the dried biomass is that it does 
not require any medium component for 
survival and found to be cost effective.  
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Table 1 : Comparison of heavy metal recovery using liquid culture and dead biomass 

 
The % recovery of heavy metals can be 

increased by chemical modification of 
biomembrane using EDTA, oxalic acid and 
oleic acid. EDTA molecule increases the 
efficiency of the process by acting like 
chelating agent7 while oxalic acid increases 
the porosity of biomass by increasing the 
protonation due to acidity. Similarly the 

biomembrane with oleic acid showed 
increased biosorption as oleic acid act 
as carrier molecule for metal reduction,  
as illustrated in Table 2. However  
the biomembrane was found to be  
cost effective compared to conventional 
liquid membrane and chemically modified 
biomembrane. 

Table 2 : Metal reduction using chemically modified biomass

 

Heavy metals Liquid culture 
% Recovery 

Dried biomass 
% Recovery 

Fe 27.77 50.74 

Cu 77.57 55.51 

Zn 49.03 63.90 

Mn 36.50 45.25 

Pb 35.63 68.97 
Cd 58.62 37.93 

Heavy 
metals 

 

Spent wash 
(mg/l) 

 

Chemically Modified Biomembrane 

Modified with 
EDTA( mg/l) 

Modified with 
Oxalic acid 

(mg/l) 

Modified with Oleic 
acid  (mg/l) 

Fe 159.63 35.47 83.94 93.6 

Cu 5.26 1.73 3.18 4.18 

Zn 49.68 15.17 27.6 30.04 

Mn 13.48 6.25 7.5 7.68 

Pb 0.87 0.04 0.15 0.43 

Cd 0.29 0.13 0.07 0.19 
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B. Decolourisation 
The decolorisation using various 

methods was followed and found that 
Moringa seeds decolorize about 66.11%15 
whereas Gum arabica and Gum acacia 
decolorize about 50%16. The activated 
charcoal decolorize about 62%17,18 whereas 
the chitosan extracted from the A.niger have 

 the ability o decolorize about 73%19 and the 
modified chitosan decolorize about 75% of 
distillery effluent, illustrated in Fig. 1. We 
found that melanoidins a pigment 
responsible for the color of distillery  
effluent is degraded high in case of  
modified chitosan. 
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C. Deodorization 
The odor in the form of concentration of 

sulphate (SO4) is analyzed that, mixed 
culture has the ability to remove about 90.5% 
of sulphate. And immobilized Pseudomonas 
putida remove about 84.49% and chitosan 
with oleic acid removes 89.89%. By 
optimization we can improve the efficiency 
of odor control, illustrated in Fig. 2. 

CONCLUSION 
Distillery effluent was treated for heavy 

metal recovery, decolourisation and 
deodorization. The Biomembrane technique 
is found to be the most effective when 
compared with conventional liquid 
membrane. The chemically modified 
Biomembrane further enhances the 
percentage recovery of heavy metals, 
decolourisation and deodorization of the 
distillery effluent. The Biomembrane 
techniques were found to be economic in 
batch process. In future the formulated 
Biomembrane can be optimized to get 
better results and it can be tried as 
continuous process to make it cost effective 
at large scale. 
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