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ABSTRACT

During the recent days, investigations in pollution control of industrial effluents become one of the pinnacle
problems of the society. Molasses used in distilleries for production of alcohol by fermentation process, generating
highly organic and colored wastewater which is released as distilled spent waste. Treatment with microorganismis
widely used to reduce 65-70% COD and 80-85% BOD level from the wastewater by converting the organic content
present in it. This work assess the optimization ratio of coagulant and flocculant by RSM-CCD (10% PAC, 10%
Maxfloc 508 and 0.2% Maxfloc C22). The R value of coagulation was calculated as 0.99194 and Adjusted R? value
of 0.984695 with predicated R? value as 0.938909. The microorganism isolated from UASB sludge was used as a
microbial degradation of the spent wash waste after coagulation and further on subjected for EMBR and filtration.
The suitability of E-MBR for distillery wastewater treatment for the maximum decolorization upto 90% using
membrane filtration that can be adopted to treat this bio-methanated distillery spent wash (BMDS) water and to
make digested spent wash fit for reclamation. A laboratory scale External Membrane Bio reactor (E-MBR) is used
to treat the distillery waste water collected after digestion. The performance of this study is evaluated based on the
removal of colour, pH changes observed at various stages of this treatment process and to optimize the coagulant
dosage.

Keywords: RSM-CCD, Bacterial identification, COD, BOD, BMDE;MBR, reclamation, anaerobic digestion.

INTRODUCTION

The process of manufacture of alcohol from molassesainly used for the production of industriat@ol. The
molasses are diluted with water and nutrients aded in fermenter then allowed to ferment undertrotied
conditions of temperature and pH. The liquid isrtidistilled for recovery of alcohol. In this pess the reducing
sugars are broken down to ethyl alcohol and cadioxide. The bottom residue from the column isshent wash
[1]. Molasses spent wash is a dark brown colordllieaft, conventionally treated by facultative anubherobic
digestion for generation of methane and then tdkerfurther treatment prior to disposal. The bottoesidue
contains very high levels of COD, BOD also contdiigh solids as well as high potassium, phospharitiggen
content, low pH and dark in colour [2, 3].
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Table 1: Characteristicsof distillery waste water

Parameter Raw M olasses Spent wash | Spent wash (after anaerobic digestion)
Colour Dark brown Dark brown
pH 38-44 72-75
Chemical oxygen demand, mg/L 90,000 — 110,000 40,060,000
Biological oxygen demand, mg 40,000~ 50,00( 10,000~ 15,00(

Membrane technologies are receiving special retiognas alternatives to conventional water treatneemd as a
means of polishing treated waste water effluentréarse applications [4]. MBR has proven to be ¢ffecfor

treatment of many industrial wastewaters. MBR eysttan be classified into two major categories.e Titst

category is normally referred to as the externamimmane configuration. This involves the use ofypwdric

membranes located external to the bioreactor. Sdwend category is internal or submerged membrgsters,

where the membranes are directly submerged initiredztor [5].

The external membrane configuration is preferrest t higher flux, low area requirement, longee,li€apable of
operating at high solid concentration and low ambst. In view of these factors, we have chdserarry out this
study by selecting an external membrane configomasiystem. The main objective of this work is thamce the
treatability of spent wash in MBR after microbiagtadation. Colour removal and COD reduction ar@rohe

importance in this study on treatment of distillargstewater [6, 7].

MATERIALSAND METHODS

Sample Collection and Preservation

The spent wash was collected from a distillery @Nits. Padmadevi Sugars Ltd) in Kanchipuram distofcTamil
Nadu. Samples were in the form of liquid untrea¢éituent and sludge were collected in sterile comis and
preserved at'@ for further use.

Chemicals & Membrane

All the chemicals were of highest purity availabled were of analytical grade, MERCK, Mumbai. Coagts used
for the study were purchased from M/s. Thermax tedhi Pune. Hollow fiber membranes have a smallegeaf
pore sizes (0.01 to 0.1 micron) used which are ldapaf removing viruses as well as some colour,rpdad
organics removal [8].

Coagulation & flocculation experiment:

The jar tests were carried out on diluted spentwesing the commonly available coagulants of suchlam, poly
aluminium chloride (PAC), lime and ferric chlorif®,10]. To enhance the colour removal we have Waxgfloc
508 and Maxfloc C22 in conjunction with PAC. Maxdl@roducts are used for reducing the dose of th€.PA
Maxfloc 508 is a medium molecular weight highlyioatc polyelectrolyte that effectively coagulat@secipitates
coloring matter, suspended solids which attributdeCXOD and BOD. Maxfloc 508 solution of 5 to 10%
concentration is used in this study. Maxfloc C22 isigh molecular weight, low cationic charge patyrm powder
form. For this study, response surface methodolegy performed in various concentration of this piaids used
to improve the efficiency of solid - liquid sepacat process.

Twenty Lab runs have been carried out using théo@hg chemicals at various concentrations, dosage,
combinations to arrive at the optimum chemical desand also to reduce the colour significantlyhi@ $pent wash
[11, 12].

Table 2 Coded level for independent factorsused in Experimental Design

Study Type Response Surface

Initial Design Central Composite

Design Model| Quadratic

Factor Name Low coded Low Actual High Coded Highuad
A 10% PAC -1 1 1 3

B 10% MF-508 -1 2 1 6

C 0.2% MF-C22 -1 30 1 50
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The quadratic equation

Y= Bt B1A + BoB + BaC + BoA + BsB” + C” + BrAB+ BgBC +BoAC

Where Y is the measured response, A, B and C aredted independent input variablgsjs the intercept term,
B1, Bo, andps are the coefficients showing the linear effepts s andpe, are the quadratic coefficients showing the

squared effects arfl}, Bg andpg are the cross product coefficients showing therattion effects [13]

Enrichment & Isolation of Spent Wash decolorizing bacteria.

UASB sludge was used for enrichment of decolorizbagterial cultures by enrichment culture technsgue
Microorganisms having the potential for decoloumisspent wash were isolated by means of enrichteehhiques.
MSM supplemented with glucose (0.5 % w/v) and yeagtact (0.2 % w/v) ammonium phosphate (0.01% wi/v)
NacCl (0.02% wi/v), MgSe¥H,O (0.02% w/v), KCI (0.01% w/v) Sludge (1000 ppm)sasesed for the study [14, 15].
The culture flasks were incubated on orbital shake37C. After incubation a loop-full of medium was stked
onto sterile nutrient agar plates and incubate@¥at for 24 to 48 h, and 1 ml of the enriched cultwees transferred
to fresh medium. Well grown bacterial colonies weigked and further purified by streaking. The pouttures of
individual bacterial strains were maintained byaking on nutrient agar slant and stored@t Wientification of the
bacterial isolates was carried out by the routiaetdriological methods i.e., by the colony morplglgreliminary
tests like Gram staining, capsule staining, endasgtaining, motility, catalase and oxidase, ptatim selective
medias and performing biochemical tests [16, 1Heske purified organisms were subjected for 16s rDNA
identification [18].

DNA was isolated from organism. A large fragmenttioé 16S rRNA gene was amplified by PCR using the
universal primers. The PCR product after purifioatis sequenced using a Terminator Cycle SequeriResgly
Reaction Kit and a model 3100 automatic sequentke closest known relatives of the new isolatesewer
determined by performing a sequence database s@dretsequences of closely related strains werievet from
GENBANK and the Ribosomal Database Project (RDiBtaties [19]. Multiple gene alignment was also dfore
the nucleotide sequence to identify the similaaityong the organism.

Coagulation Experiment

The experimental setup consist of HDPE containergliemical mixing tank and feed tank followed bgmbrane
bioreactor, membrane module, sand filter, activaton filter, micron cartridge filter. The chemienixing tank
is a cylindrical container placed vertically foretllosage of coagulant/flocculant. The optimum cotraéon of
coagulant was prepared. The supernatant solubtained after chemical addition is also collected &d into the
feed tank for further studies [20, 21].

UV-VI S Spectrophotometer

Intensity of colour was measured by checking the vales of the test solutions. Except filtered evatamples,
supernatant and colored samples were centrifugedtprdetermination of absorbance for eliminating hindrance
due to suspended patrticles in the sample. Thesafaat was diluted and the absorbance was meassiregl UV-

Visible spectrophotometer at the maximum wavelergt®00nm [22]. The removal of colour was evaldaie

terms of reduction of absorbance from the origimakte water in comparison with the supernatantthadutlet
samples collected from subsequent units.

Decolorization of effluent by consortium of bacteria
All experiments were performed in triplicate. Thergentage of discoloration was calculated accordinghe
formula below:
A, — A4,
Percentage Decolourisation = ——— % 100

o
where, A, initial absorbance; A absorbance at each time.

External Membrane Bio Reactor (E-M BR)

The outlet from this filter feed tank is connecteda feed pump of suitable capacity (20-30 litezs lpour) and the
outlet from this pump is fed to cylindrical vesgbio-reactor) and the inoculums was added. Theebutlas
connected to a hollow fiber membrane made up ofsuiphone followed with a sand filter [23]. Thedinclear
outlet from this membrane module which is oftemted as membrane permeates was collected. The fratiethe
sand filter is connected to a 5 micron cartriddgerfito remove the suspended particles that argepten the sand
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filter outlet. The outlet from this cartridge fittés fed to an activated carbon filter containinguglar activated
carbon made out of coconut shell carbon havingptirticle size of 4 x 16 mesh sizes approximatehe dutlet
from the carbon filter is connected to 1 microntgdge filter for removing the fine suspended parates that are
passing oufFigure. 1).

Fig 1 Experimental setup of EMBR

RESULTSAND DISCUSSION

Poly aluminium chloride (PAC) was found to be efi\ee in terms of decolorization with less sludgeniation. Out
of various trials conducted, results of trial isifial to be effective and satisfactory in terms o€dl formation, faster
settling of flocs, maximum separation of supernatotution, noticeable colour removal and less giugolume.
The required coagulant / flocculent chemicals sa€ti0% poly aluminium chloride (PAC), 10% Maxflog8and
0.2% Maxfloc C22 solution§Table 3) are added to this diluted spent wash at appr@pdate levels and mixed
thoroughly in mixing tank and allow to settle.

Table 3: Optimization of Coagulant Dosage

Std Factor 1 Factor 2 Factor 3 % Discolor ation
A:10% PAC | B:10% MF-508 | C:0.2% MF-C22 | Actual | Predicted
1 1 2 30 30 30.2
2 3 2 30 30 30.6
3 1 6 30 30 30.2
4 3 6 30 40 40.€
5 1 2 50 40 38.2
6 3 2 50 40 38.6
7 1 6 50 30 28.2
8 3 6 50 40 38.6
9 0.318207 4 40 20 21.3
10 3.68179: 4 40 30 30.¢
11 2 0.63641 40 3C 30.¢
12 2 7.363586 40 30 30.9
13 2 4 23.18207 50 48.4
14 2 4 56.81793 50 53.3
15 2 4 40 60 60.0
16 2 4 40 60 60.(
17 2 4 40 60 60.0
18 2 4 40 60 60.0
19 2 4 40 60 60.0
20 2 4 40 60 60.0
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Table4: ANOVA tablefor thefactorial design

Source Sum of df Mean F p-value
Squares Square Value Prob > F
Model 3546.203| 9| 394.0226 136.8276 < 0.0001 sicpuifi
A-10% PAC 99.2585 | 1 | 99.2585 | 34.4683 | 0.000:
B-10% MF-50¢ 0 1 0 0 1.000(
C-0.2% MF-C22| 29.2893 3 29.28932 10.17096  0.0097
AB 50 1 50 17.36292  0.0019
AC 0 1 0 0 1.0000
BC 50 1 50 17.36297 0.0019
A? 2094.061 | 1 [ 2094.06! | 727.18. | <0.000:
B? 1524.91; | 1 | 1524.91: | 529.538! | < 0.000:
c 149.0061| 1| 149.0061 51.743p <0.0001
Residual 28.79701 1 2.879701
Lack of Fit 28.79701] 5| 5.759401L Non-significant
Pure Error 0.0078 5 0.0054
Cor Total 3575 19
Std. Dev 1.69696! R-Square 0.99194!
Mean 42.5 Adj R-Squared 0.984695
CV.% 3.992866 Pred R-Squared 0.938909
PRESS 218.3986 Adeq Precision 32.19238

The R value of coagulation was calculated as 0.99194Aaipaisted B value of 0.984695 with predicated value as 0.99890
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Figure2: Response Surface plots showing the mutual effect of factorson the decolourisation

I dentification of Organism

The organism were isolated from the Sludge wasestdyl with following biochemical test. The resute given in
Table 5.
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Table5: Morphological, physiological and biochemical features of isolates from UASB sludge

S.NO Test Bacilluslicheniformis | Bacillus funiculus Ps. aeruginosa
1 Gram Staining Gram positive rod Gram positive rfistam negative rod
2 Cell morpholog Bacilli in chair Bacilli in chair Short rod in singl
3 Motility Positive Positive Positive
4 Endospore stainir Positive Positive Negative
5 Starch Hydrolysis Tesf] Positive Positive Negative
6 Catalase Positive Positive Positive
7 Oxidase Positive Positive Positive
8 Indole Negative Negative Negative
9 MR (Methyl Red Positive Positive Negative
10 VP (Voges Proskaue Negative Negative Negative
11 Citrate Utilization Tes | Negative Negative Positive
12 Oxidast Pcsitive Positive Positive
13 H2S production Negative Negative Negative
14 Gas production Negative Negative Negative
15 Glucose Positive Positive Negative
16 Lactose Negative Negative Negative
17 Sucros Positive Positive Negative
18 Maltose Positive Negative Negative
19 Mannitol Positive Negative Negative

16srRNA sequencing

The isolated organism were isolated as pure culinte16s rRNA sequencing was performed. The orgenisere
identified asBacillus licheniformis,Bacillus funiculus andPs. aeruginosa. The FASTA format were given below

Bacillus licheniforms strain 16S ri bosomal RNA gene, partial sequence
GGACCGATTTTCGGGAATTAT TGGEGCGT AAGCGCGCGCAGCCGGT TTCTTAAGT CTGATGT GAAAGCCCC
CGGCTCAACCGGGGAGCEGT CAT TGGAAACT GGGGAACT TGAGT GCAGAAGAGGAGAGT GGAATTCCACGT
GTAGCGGT GAAAT GCGTAGAGATGT GGAGGAACACCAGT GBCGAAGGCGACTCTCTGGTCTGTAACTGAC
GCTGAGGCGCGAAAGCGT GEGGAGCGAACAGGAT TAGATACCCT GGTAGT CCACGCCGT AAACGATGAGT
GCTAAGTGTTAGAGGGT TTCCGCCCTTTAGT GCTGCAGCAAACGCATTAAGCACT CCGCCTGGEGGAGTAC
GGTCGCAAGACT GAAACT CAAAGGAAT TGACGGEGEEECCCCCACAAGCGGT GGAGCATGTGGTTTAATTCG
AAGCAACGCGAAGAACCTTACCAGGT CTTGACAT CCTCTGACAACCCTAGAGATAGGGCTTCCCCTTCGG
GGGCAGAGT GACAGGTGGTGCATGGT TGTCGTCAGCT CGT GT CGT GAGAT GT TGGGT TAAGT CCCGCAAC
GAGCGCAACCCTTGATCTTAGT TGCCAGCAT TCAGT TGGGCACT CTAAGGT GACT GCCGGT GACAAACCG
GAGGAAGGT GGGGAT GACGTCAAATCATCATGCCCCTTATGACCT GGGCTACACACGT GCTACAATGGGEC
AGAACAAAGGGCAGCGAAGCCGCGAGGECTAAGCCAATCCCACAAATCTGTTCTCAGT TCGGATCGCAGTC
TGCAACT CGACT GCGT GAAGCT GGAAT CGCTAGT AAT CGCGGAT CAGCATGCCGCGGT GAATACGT TCCC
GGGCCTTGTACACACCGCCCGT CACACCACGAGAGT TTGTAACACCCGAAGT CGGTGAGGTAACCTTTTG
GAGCCAGCCGCCGAAAAGGGEGEGEGAA

Bacillus funiculus strain 16S ribosomal RNA gene, partial sequence
AACATGGTTTTCCGGATAT TGGGECGTAAAGCGCGCGCAGGCGGT TCCTTAAGT CTGATGT GAAAGCCCAC
GGCTCAACCGT GGAGGGT CAT TGGAAACT GGGGAACT TGAGT GCAGAAGAGGAAAGCGGAATTCCACGT G
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TAGCGGT GAAAT GCGT AGAGAT GT GGAGGAACACCAGT GGCGAAGGCGGECT TTCTGGTCTGTAACT GACG
CTGAGGCGCGAAAGCGT GGEGAGCAAACAGGAT TAGATACCCT GGTAGT CCACGCCGTAAACGATGAGT G
CTAAGT GT TAGGEGGGT TTCCGCCCCT TAGT GCTGCAGCT AACGCAT TAAGCACT CCGCCTGEEGAGTACG
GCCGCAAGGCTGAAACT CAAAGGAAT TGACGEGGEECCCGCACAAGCGGT GGAGCATGTGGTTTAATTCGA
AGCAACGCGAAGAACCTTACCAGGT CTTGACATCCTCTGACAACT CTAGAGATAGAGCGT TTCCCCTTCG
GGGEGGACAGAGT GACAGGT GGT GCATGGT TGT CGT CAGCT CGT GT CGT GAGATGT TGGGGT TAAGT CCCG
CAACGAGCGCAACCCTGATCTTAGT TGCCAGCATTCAGT TGGGCACT CTAAGGT GACT GCCGGT GACAAA
CCGGAGGAAGGT GGGGATGACGT CAAAT CATCATGCCCCT TATGACCT GGGCTACACACGT GCTACAATG
GACGGTACAAAGAGT CCGCGAGACCGCGAGGT GGAGCTAATCTCATAAAACCGT TCTCAGT TCGGATTGTA
GGCTGCAACT CGCCTACAT GAAGCCGGAAT CCCTAGT AAT CGCGGAT CAGCATGCCGCGGTGAATACGT T
CCCGGGECCTTGTACACACCGCCCGT CACACCACGAGAGT TTGCAACACCCGAAGT CGGT GAGGT AACCGT
AAGGAGCCAGCCGCCTTAAAGGGTGEEGTTG

Pseudononas aerugi nosa strain 16S ri bosonal RNA gene, partial sequence
ATGGCTCAGATTGAACGCT GGCGGCAGGCCTAACACAT GCAAGT CGAGCGGATGAAGGGAGCT TGCTCCT
GGATTCAGCGGCGGACGGGT GAGTAAT GCCTAGGAAT CTGCCT GGTAGT GGGGGATAACGT CCGGAAACG
GGCGCTAATACCGCATACGT CCTGAGGGAGAAAGT GGGGGATCTTCGGACCTCACGCTATCAGATGAGCC
TAGGTCGGATTAGCTAGT TGGT GGGGT AAAGGCCTACCAAGGCGACGATCCGTAACT GGT CTGAGAGGAT
GATCAGT CACACT GGAACT GAGACACGGT CCAGACT CCTACGGGAGGCAGCAGT GGGGAATATTGGACAA
TGGGCGAAAGCCT GATCCAGCCAT GCCGCGT GT GTGAAGAAGGTCTTCGGATTGTAAAGCACT TTAAGT T
GGGAGGAAGGGCAGTAAGT TAATACCTTGCTGT TTTGACGT TACCAACAGAATAAGCACCGGCTAACTTC
GTGCCAGCAGCCGCGGTAATACGAAGGGT GCAAGCGT TAATCGGAATTACT GBGCGTAAAGCGCGCGTAG
GTGGTTCAGCAAGT TGGATGT GAAATCCCCGGGCTCAACCT GGGAACTGCATCCAAAACTACTGAGCTAG
AGTACGGTAGAGGGT GGTGGAATTTCCT GT GTAGCGGT GAAAT GCGTAGAT ATAGGAAGGAACACCAGT G
GCGAAGGCGACCACCT GGACT GATACT GACACT GAGGTGCGAAAGCGT GGGGAGCAAACAGGATTAGATA
CCCTGGTAGT CCACGCCGTAAACGATGT CGACT AGCCGT TGGGATCCTTGAGATCTTAGT GGCGCAGCTA
ACGCGATAAGT CGACCGCCT GGGGAGT ACGGCCGCAAGGT TAAAACT CAAAT GAAT TGACGGGGEECCCGL
ACAAGCGGT GGAGCATGT GGT TTAATTCGAAGCAACGCGAAGAACCT TACCTGGCCTTGACATGCTGAGA
ACTTTCCAGAGAT GGATTGGT GCCT TCGGGAACT CAGACACAGGT GCTGCATGGCTGTCGTCAGCTCGTG
TCGTGAGATGT TGGGT TAAGT CCCGTAACGAGCGCAAC

CLUSTAL W Multiple Sequence Alignments

Sequence type explicitly set to DNA
Sequence format is Pearson

Sequence 1: gi| 330414750| gb| JF682389. 1| 936 bp
Sequence 2: gi| 345505202| gb| JF683611. 1| 941 bp
Sequence 3: gi| 727929342| gb| KM491169. 1| 1088 bp
Start of Pairw se alignnments

Aligning. ..

Sequences (1:2) Aligned. Score: 93.91
Sequences (1:3) Aligned. Score: 50.64
Sequences (2:3) Aligned. Score: 49.95

There are 2 groups
Start of Multiple Alignnment

Aligning...
G oup 1: Sequences: 2 Score: 16920
G oup 2: Sequences: 3 Score: 10222

Al ignment Score 11359
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Phylogram

Branch length: ® Cladogram © Real

[ gi|330414750|gb|JF682389.1| 0.02076

| gi| 345505202 |gb|JF683611.1| 0.03396
gi| 727929342|gb|KM491169.1| 0.44744

CLUSTAL W is a reliable, practical and efficientotdor multiple sequences alignment, though causbauld be
taken to judge the significance and validity of tiesults. The organism was subjected for clustai/ multiple
sequence alignment was done to investigate thdasityibetween the sequence shows a higher sitsilarnong
them. There was a massive reduction in the cobs absorbed after microbial treatment.

After settling, water and sludge gets separated thedsupernatant solution is drawn for further tiremt. The
supernatant solution was fed to bio-reactor tan#t seeded with nutrients and microorganisms. Peeneats
collected at a flow rate of 12 I/h continuously grass through series of filters such as sand ,flienicron filter,
activated carbon filter and 1 micron cartridgeefilt The outlet samples from each filtration umsitcollected
separately and taken for testing.

Figure 3: Colour intensity at each unit outlet

Figure 3shows the colour intensity of the outlet streanmfieach unit operation. The maximum decolourisatias
obtained by EMBR around 89% for 1:1 dilution of spe/ash.

100
95
20

—®— 1:0.5 dilution
85

—&— 1:1dilution

% Decolouration

80 1:2 dilution
75

70
MBR Permeate SF Carbon filter  Catridge Filter

Feed
Figure 4: Percentage decolourisation at each unit outlet

CONCLUSION

The coagulant / flocculent chemicals such as 2fgl0% poly aluminium chloride (PAC), 4 g/l of 10Maxfloc
508 and 40 mg/l of 0.2% Maxfloc C22 solutiongas optimized to yield the maximum supernatanttgwiu The
optimization was done by using RSM witf ®alue of 0.99194. Significant removal of colouduetion is noticed at
each stage of the process in a gradual manner. mEmebrane permeate water is found to be clears fgsult
displays an efficiency of 90% for the reductiorcofour from the waste water sample taken initiédhythis study.
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