
  
Abstract—Combined Solar detoxification and biological method 

has been adopted for treatment of distillery industrial wastewater. 
Solar detoxification is the one which pre-dominates the entire work 
because among all the renewable energy sources solar energy has 
the highest potential. A twin parabolic structured system has been 
developed and reactor tubes inserted were alternately changed to 
verify the best type of material for the treatment. The inner surface 
of each tube is coated with a Polyvinyl Pyrollidine-Titanium dioxide 
(PVP-TiO2) paste to photocatalyse the process of detoxification. The 
effluent is further subjected to bacterial degradation and the changes 
in values of parameters like Total Organic Carbon (TOC), Chemical 
Oxygen Demand (COD), pH and Total Dissolved Solids (TDS) were 
observed. 
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I. INTRODUCTION 
ISTILLERY wastewater has extremely high COD, TOC 
and BOD levels thus it cannot be discharged into the 

water bodies without treatment. For the most efficient and 
economic degradation of contaminants, coupling of two 
versatile processes like solar detoxification and biological 
process is suitable [1]. 
    Several designs of solar photo-catalytic processes have 
been tested. One of these is the parabolic solar collector unit. 
Two parabolic solar collectors (PSC) were fabricated. These 
were linked in parallel and in series separately and were 
tested for organic degradation. The potential advantages of 
such a system over conventional systems can be summarized 
as follows; the system uses no electricity (or minimal amounts 
of electricity) as driving power, and is therefore especially 
suitable for high solar flux areas which are often poorly 
supplied with electric power [2]. The system can accept 
heavily contaminated or high density material, e.g. mud, 
household and agricultural waste [2]. It produces a dry 
residue which can be easily handled and disposed, or used as 
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fuel for domestic heating [2]. In this research, the PSCs were 
inserted with line-focusing tubes of Quartz, Borosilicate and 
polyvinyl chloride (PVC). Each tube of  inner side was coated 
with TiO2 layer with Poly-vinyl-Pyrrolidone (PVP) as a 
stabilizer. Comparative kinetic studies were conducted to 
determine between all three types of tubes which system could 
give us maximum reduction in Chemical Oxygen Demand 
(COD) and Total Organic Carbon (TOC). These tests were 
conducted from January to April 2014 only during days when 
higher solar radiation intensity was observed.  

Although this solar photo catalytic process gives enhanced 
degradation, it only helps in mineralization of the 
contaminants. So the effluent is again subjected to 
biodegradation. One of the bacteria Bacillus Cereus is 
utilized for the suitable bacterial degradation. Again the 
%TOC and %COD reduction can show the improved results 
of the coupled process. 

 

II. EXPERIMENTATION 
The study was conducted on the rooftop of Innovation 

Centre, MIT, Manipal, Karnataka. The PTSCs of the solar 
detoxification unit were set up in two ways, i) Parallel 
linking, ii) Series linking as shown in Fig 3.1(a) and Fig 
3.1(b) 

Distillery Wastewater was stored inside the storage tank. 
With the help of a control valve the flowrate was adjusted. 
The reactor tubes were inserted inside the PTSCs. They were 
covered from all sides with acrylic sheets of 2.5 mm 
thickness. The reactor tubes utilized were of different kinds. 
Two borosilicate tubes, two quartz tubes and two PVC tubes 
were fixed each time with one material at a time respectively. 
The length of all the six tubes were 66cm and with 3.81cm 
diameter and a volume of 763 cm2. Also aperture area of the 
two reactors was 12289.536 cm2 each. All of them were pre-
coated with TiO2/polymer before starting up of the 
experiment. 
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Fig 3.1(a) Parallel linking of PTSCs 

                

Fig.3.1(b) Series linking of PTSCs. 
 

Bacillus Cereus culture was ordered on algae plates from 
National Chemical Laboratory, Pune. The nutrient broth was 
prepared for the growth of these aerobic bacteria. Further the 
bacteria were inoculated to the DWW and thus the 
contaminants were degraded. This was shown by the drastic 
reduction of COD level after the treatment. 
Further the bioremediation method was carried out by the 
following steps : 

• 1.3grams of nutrient broth was added to 100ml distilled 
water in a 250ml conical flask. This was cotton plugged 
tightly and was later autoclaved at 15psi at 121˚C. 

• After autoclaving it the Bacillus Cereus was inoculated to 
it in a laminar air flow chamber and was placed in an 
incubator for 24 hours at room temperature. During this 
period the bacteria is cultured. 

• 100ml of effluent (solar treated) was added to a conical 
flask and 5 ml of the bacterial culture broth was added. 
The flask was placed on shaker for 5 days.  

III. METHODOLOGY 
A.Decolourisation of the effluent 

Distillery wastewater has a very dark brown colour due to 
the presence of melanoidins. To decolorise it, the wastewater 
was diluted up to 100 ppm and poured in a beaker and 10 ml 
of H2O2 was added to it. A constant stirring and constant 
aeration was provided to the wastewater. After 24 h the color 
changed to bright orange as sown in Fig 4.1. The H2O2 react 
with the melanoidins and thus the solution looks clearer than 
earlier. Also the TOC and COD analysis is made to check the 
variations. 

 

 
               Fig. 4.1 Process of Decolourisation 
 

B. Solar Detoxification 
For solar Detoxification, two parabolic trough solar 

collectors were tested when kept in parallel way and again 
tested separately when they were kept in series. In the design 
of solar photo catalytic collectors the fluid is exposed to 
ultraviolet solar radiation and, therefore, the absorber 
transmits Ultra-Violet (UV) sunlight efficiently with minimal 
pressure drop.[4].Temperature does not play a significant role 
in the photo catalytic process, so no insulation is 
required.[5].It provides good mass transfer from the fluid 
stream to an illuminated photo catalyst or sensitizer surface in 
order to have a reaction rate as higher as possible. Adequate 
flow distribution inside the reactor is assured, as non-uniform 
distribution leads to non- uniform residence times inside the 
reactor.[6-7]. 
A parabolic trough solar collector is in the shape of a 

parabolic cylinder reflects and concentrates sun radiations 
towards a receiver tube located at the focus line of the 
parabolic cylinder. The receiver absorbs the incoming 
radiations and latter being transported and collected by a fluid 
medium circulating within the receiver tube.   
 

C. Immobilization of Catalyst 
Titanium dioxide (TiO2) was used in this experiment as a 

catalyst which was Nano grade Anatase TiO2. Here the 
catalyst used was in immobilized form and the experiment 
was done under batch process conditions by keeping the fixed 
flow rate of waste water from the reservoir. The flow rate 
maintained was 250 ml/min. To stabilize the catalyst and 
immobilize it to the inner surface of the reactor tubes, a TiO2-
PVP coating was prepared. 50% w/w of polyvinyl-pyrrolidone 
(PVP) dissolved in a solution of ethyl alcohol and water (ratio 
of 1:2) at 35°C. This was followed by the dispersion of 10% 
of TiO2 in the solution.[3]. The reactor tubes are coated (only 
inner surface) with the TiO2/polymer solution. Both quartz 
and borosilicate are exposed to 100°C in an oven for an hour 
whereas the PVC reactor tubes were placed at room 
temperature for drying.  

D. Bacterial degradation 

After the solar detoxification, the reactor mineralizes the 
wastewater components. Now further bio-degradation has to 
take place for the removal of contaminants. Most of the 
industries undergo biological process of decontamination 
such as Activated Sludge process (ASP). This process is 
widely accepted because it is effective and economical. It 
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involves two steps,  aeration and sedimentation. The micro-
organisms involved will help in the decontamination process. 
A bio-sludge containing the contaminants and micro-
organisms is formed at the end and other surface liquid can 
be let out for analysis. But there exist specific bacteria for 
specific components to degrade. So the process of degradation 
can be made more effective with the help of suitable bacteria 
called Bacillus Cereus. 

IV. RESULTS AND DISCUSSION 
At every 2 hr interval of time the water was collected from 

the final valve and tested for analysis. The reactor tubes are 
initially placed in parallel linking, i.e. PB: Borosilicate tubes, 
PQ: Quartz tubes and PP: PVC tubes are all in parallel. Then 
the reactor tubes are linked in series, i.e.SB: Borosilicate 
tubes, SQ: Quartz tubes, SP: PVC tubes are all in series. 
When the testing was undergoing, it was observed that there 
was a drastic reduction in TOC with the borosilicate pipe 
material, as it provides more mineralization than other two 
tubes. Quartz also basically gives a better TOC reduction but 
PVC pipes do not have the ability to reduce the TOC. The 
TiO2/UV light both photo-catalyse the reaction to provide this 
TOC reduction. Also it was observed that series linking was 
much effective than the parallel linking.  

 

 
 

Fig 4.1 Graphical representation of TOC v/s Time for different tubes 
for DWW where, PB,PQ,PP: Parallel linking of borosilicate, Quartz 

and PVC tubes respectively. SB,SQ,SP: Series linking of 
borosilicate, Quartz and PVC tubes respectively. 

 

The COD analysis for each of the tube material in both 
kinds of linking was observed and concluded that again 
maximum % COD reduction was obtained by the borosilicate 
tubes for series as well as parallel linking. On the same lines 
%TOC reduction also gives the same inference. The TDS is 
lowest for Quartz in parallel linking and highest for PVC in 
series. Hence it can be concluded that basically both 
borosilicate and Quartz tubes predominate the detoxification 
process while PVC tubes are less helpful. The cost of these 
glass tubes may be a disadvantage but they can be used for a 
longer period of time.  
 

 
 

Fig. 4.2 Graphical representation of changing parameters like 
%TOC,%COD, pH and TDS with respect to different tubes and 
linking pattern where PB,PQ,PP: Parallel linking of borosilicate, 
Quartz and PVC tubes respectively. SB,SQ,SP: Series linking of 

borosilicate, Quartz and PVC tubes respectively 
 After conducting the bacterial degradation process to the 
effluents with higher values of TOC, COD, TDS and pH 
values, they were again analysed. It was observed that all 
these above parameters had further decreased. This bacterial 
degradation can be thus used as continued form of treatment 
process when solar detoxification is concluded. Hence, the 
solar detoxification process can act as a pre-treatment to the 
bacterial degradation. 

 
Fig 4.3 Variation of COD, TDS and pH vs Time for bacterial 

degradation 

V. CONCLUSION 
Although Distillery Wastewater contains a wide variety of 

pollutants, a reduction in TOC and COD levels below 100 
ppm and 1000mg/lt  respectively conclude that a process of 
solar detoxification gives a satisfactory performance. Also the 
solar detoxification is advantageous over other processes 
because it uses a renewable source of energy and no 
dependency on power. Both parallel and series linking 
provide almost similar results, so no change is evident due to 
different linking pattern. But the reactor tubes used in the 
process show that borosilicate tubes have higher tendency to 
mineralize the wastewater. After mineralization, the bacteria 
consume the contaminants in such a way that the COD and 
TOC levels further decrease below 50 ppm and 500 mg/lt 
which is clearly nearer to the discharge limits. So a system 
where both solar and biological processes are coupled can 
provide more enhanced performance. 
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