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ABSTRACT

The present study has attempted to develop a microbial-based indigenous pilot-scale technology
that can efficiently treat the undiluted textile effluent with minimum additives for supporting
microbial growth. To begin with, a visit to leading textile industry was undertaken to understand
the functioning of the different wet operational units, types of effluents/wastes generated, and
identify the problems associated with the effluent treatment process. Various effluents generated
from different wet operations were procured and characterized. A novel microbial consortium
enriched from Pre-treatment range (PTR) effluent was used to optimize the process of
decolourization under extreme conditions with minimum inputs. With PTR effluent as a carbon
source and only 0.5 g L! yeast extract as external input, the process enabled 70-73% colour
reduction (from 1910-1930 to 516-555 hazen) in dyeing unit wastewater. Unhindered performance
at higher temperatures (30 °C-50 °C) and wide pH range (7-12) makes this process highly suitable
for the treatment of warm and extremely alkaline textile effluents. No significant difference was
observed in the decolourization efficiency for effluents from different batches (Colour: 1647-4307
hazen; pH-11.5-12.0) despite wide variation in nature and concentration of dyes employed. Long
term (60 d) continuous mode performance monitoring at hydraulic retention time of 48 h in lab-
scale bioreactor showed consistent colour (from 1734-1980 to 545-723 hazen) and chemical
oxygen demand (1720-2170 to 669-844 mg L!) removal and consistently neutral pH of the treated
water. This developed anaerobic process shows a significant advancement by uncovering the
ability of native microbial consortium to reliably treat dye laden textile wastewater without any

dilution or pre-treatment and with minimum external inputs.

Next, the speculation of molecular mechanism for azo dye degradation using the microbial
consortium was done by understanding the role of oxido-reductase enzymes followed by
deciphering the functional genes and their corresponding proteins. For this, decolourization of 100
mg L! reactive blue 13 (RB13) was done using same consortium at optimized condition and the
results showed ~92.67% decolourization at 48 h of incubation. The fourier-transform infrared
spectroscopy (FTIR), high performance liquid chromatography (HPLC) and gas chromatography—
mass spectrometry (GCMS) analysis were performed to identify the metabolites formed during
RB13 degradation, followed by hypothesizing the metabolic pathway. The GC-MS analysis

showed formation of 1,4-dihydronaphthalen-1-ol and 1,3,5-triazin-2-amine as the final degraded



compounds after enzymatic breakdown of RB13 dye. The activity of different oxido-reductase
enzymes was determined, and the results showed that NADH DCIP reductase and azo reductase
had higher activity than other enzymes (veratryl alcohol oxidase, and aldehyde dehydrogenase). It
clearly indicated the degradation was initiated with the enzymatic cleavage of azo bond (—N=N-)
of RB13. Further, the functional genes were annotated against the database of clusters of
orthologous groups (COGs) and kyoto encyclopedia of genes and genomes (KEGG). It provided
the valuable information about the role of crucial functional genes and their corresponding proteins

correlated with dominant bacterial species in degradation of RB13.

Further, an on-site anaerobic biological reactor integrated with activated carbon filter (ACF) and
ultra-filtration (UF) unit termed as AN-ACF-UF process was installed and used for the
decolourization of fresh textile effluent at the industrial premises. The anaerobic reactor containing
the developed microbial consortium was fed with a mixed inlet consisting of coloured and PTR
effluents in a ratio of 70:30 (v/v). The anaerobic unit was run in a continuous mode for 32 d with
a hydraulic retention time of 2 d. The treated effluent from the anaerobic unit was fed into the ACF
unit at 0.7 mL min™'. Finally, the outlet from the ACF unit was fed into the UF unit. The AN-ACF-
UF process was effective in decolourizing 91 + 3 % of the colour in textile effluent mixture. The
phytotoxicity test (germination test) on Vigina radiata using the treated effluent did not show any
significant difference (p > 0.05) between control (92 £+ 1 % germination) and treated effluent group
(83 £ 1 % germination). The recovered salt which contained high concentration of sodium salt
(349.70 mg g! of salt) was reused for pad batch process in dyeing unit of textile industry. The
results showed a shift towards red-yellow zone of CIELab colour space. However, this colour shift
did not interfere with the dyeing process and could be used for darker shade. It creates an inner
loop recycling of recovered salts within the industrial operations and eliminates the cost required
for the disposal of salt generated from the multi effect evaporator i.e., MEE salt (coloured salt).
However, the AN-ACF-UF prototype system was conducted in lab-scale system and still lacked
residual COD reduction from the treated effluent. Moreover, it required frequent backwash of ACF
and UF due to poor sludge retention in anaerobic bioreactor. To overcome these limitations, an
improved pilot scale sequential microbial-based anaerobic-aerobic reactor technology (SMAART)
was designed and operated for the treatment of real textile effluent in the industrial premises in
continuous mode for 180 days. The sequential treatment technology SMAART consists of specific

treatment units, i.e., an anaerobic unit with a membrane module (to improve sludge retention)
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integrated with the aerobic unit (for effective COD reduction) followed by the polishing steps
(activated carbon columns). The results showed an average ~95% decolourization along with
~92% reduction in the chemical oxygen demand establishing the resilience against fluctuations in
the inlet parameters and climate conditions. Moreover, the pH of treated effluent was also reduced
from alkaline range (11.05 £+ 0.75) to neutral range (7.76 £0.22) along with turbidity reduction
from 44.16 + 7.82 NTU to 0.14+0.08 NTU. A comparative life cycle assessment (LCA) of
SMAART with the conventional activated sludge process (ASP) showed that ASP caused 41.5%
more negative impacts on environment than SMAART. Besides, ASP had 46.15% more negative
impact on human health, followed by 42.85% more negative impact on ecosystem quality as
compared to SMAART. This was attributed to less electricity consumption, absence of pre-
treatment units (cooling and neutralization) and less volume of sludge generation (~50%) while
using SMAART. Hence, integration of SMAART within the industrial effluent treatment plant

could achieve minimum waste generation in pursuit of sustainability.
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AU ST = TP HISoh I d- SR 3 SO TRIAC-Ih d b1 A iRId B BT T
forar g S ARwifead fasm &1 0T o1 & forw gaw wfsfesy o @y fomm it firen
(undiluted) CHICTST THRIUC (textile effluent) P HUAAYAD IUAR B T g | JHATT H,
TG HUST I &1 SRT fobar T arfes faftd ot R ik ufkares soal & sme,
JdF BI1 T TURUT/ R (waste) & TDHRI B THIT o Job 3R TIUE IUAR UfehaT T S
RSl B ugaE St off 9 | it gt R R et @ Iad fafie Tiie & v
T3 7T 3R I AEMUT GUM (characterized) fowar 1| T-diedie 39T (PTR) TUUC ¥ I9<
TH A0d HAEhIfead Halfcad BT ITANT gAaH ITYc & AT TRICH (extreme) fRUTaal #
faRSIIHRUT (decolourization) T UfehaT BT ST B o (o [T 7T AT | HTe A1 o =4
T PTR THRIUE 3R 181 §9YC & &0 H &had 0.5 g L TR Tacae SIa-T & 1Y, 39 Ufshal
TS 3HTE TRIGE F 70-73% T HHT (1910-1930 ¥ 516-555 hazen TF) P G&rH fvan| 3=
A (30 f&ot fcm-so f&3ft Sfaw) SiR favga fwa (pH) ¥ (7-12) TR ST UaH,
S Ufohar &1 T SR SId &R caiesd TUE & IUDAR & [T Sifde Iugad Sl
81 S-S & (TT: 1647-4307 hazen; UITA-11.5-12.0) ¥ e ard Toie & fo
favsiienRur qerar & IS HEayul 3R el @M T o, gTaifes SEHI fby Y it B uopfay
3R THTId & e fiFar | dd-3hd dEiRuaeR | 48 € & gIRSIce SaURY 0y
(HRT) R SHHIA® (60 &) FROR HIS Ue=H TR 3 TR 3T (1734-1980 F 545-723
hazen d%) 3R IR TR Pt AT (1720-2170 F 669-844 mg L) T, T & dieg
B TLAS 3R THAR ded QT | 8 [ Rid saraid ufehar Ha Arshifadd T° &1 &
DI 3T frelt FHOIR TS O1 J4-IUAR & 3R YAdH des! 37YC & 1Y I8 ¥ W qgezd
UURIUC 1 3ol B I & 1 ISR HReh Ueh Hedqu! Uit feareh g |

3% dIc, AISHIGTd HACTH BT IUART e Tl ST [SUSYH & fou 3uifas dF &t
e, TRiS-Reaey TgH! Bt Yf¥ehT &) THIM & 918 HATES SiF 3R I Jefda
I 1 T & gRI &1 T2 | $9& Y, 100 mg L Rufded & 13 (RB13) &7 fakshiaxun
rgferd fufa & a8t dranfcam &1 SUTNT HRah fohaT a1 Ut 3R aRumH! 3 SATaA & 48 6
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T ~92.67% fadsiiarur fo@mn| BIRIR-ZHIH SIPRS WUl (FTIR), 815 TRBIRAT
fifds PHHCIB! (HPLC) 3R T HHSUHLAN Waehd! (GCMS) fazawr RB13
fSUSIA & GRM 991 aIa Herdiazeyd &1 UgaH &1 & fau foear mar o1, e a1
TeTaITeId U1yd & UR&ed-1 &1 T8 At | GC-MS fa=aw0r 3 RB13 S5 & USSHcH dhars
& TG SHfaA SawHd el & TG H 1,4-SHETS HIBYTH-1-30d 3R 1,3,5-CrTor-2-
wiF & e o feamn| fafts siieite)-Reacy tomgHt o fafafe fAuiid ot 78 off, sik
oo & uar I f TIuSivg Sftenstt Readd (NADH DCIP reductase) 3R Toll Reaeq
T 3T ComgHl (R 3ichied Sfidiies R UfcESeRs fegRgeHe) &1 qal # 3=
Tfafafer 8| o8 WP U ¥ SR H1 § [ &R0 &1 LI3MTd RB13 & Toll 6 (-N=N-) &
ToTghfe e Fellaet ¥ gs 2| 39 Sradl, wrafcdd SiFl & Siifaima wg! (@ tssh) & Tug!
& ST 3R S 3R S (haoiol) & el [y & Raams TAee fovar mar uTl 381
RB13 & &RUT H U@ SI1aT0] FoTifadl & Y TeHag Hedqul HrRietd® ol IR 3 Gaferd
IS &t YHHT & IR H 9840 STHBRI UG B |

2P Q] Afehd HIa fheex (ACF) 3R 3feel-heexTH (UF) §HhTs & 1Y Thiphd Uk
3{T9-T1ge ARG (anacrobic) Wfddh RUFCR B TCA-THNH-JUW (AN-ACF-UF) UfohaT &
0 T R g e o1 3R SN UieR H el caersd THRIUE & faoi & fod SuaiT
fopa Tar 1| A Rid ATSeifaga Haifcad ar Sarad RugeR & 70:30 (v/v) & 3ATd #
T iR TSR Tueie ¥ gad FAfda 39de ¥ R T oT| TARIfe® gfe &t 2 faa &
T SIfi® AYRU IHT (HRT) o 91y 32 a9 & oy MRaR A | Iaman T oT| ard iy
gPIE 1 ST UaT8 B! ACF $HI5 H 0.7 mL min'! TR ST T 3{d H, ACF JfHe & 3M3caie
@I UF gf-ie § BIs fohar T TuH-wHiuh-gue fchdr daqerse ThIue fisor d o1 + 3% ¥
& fRford e & gurat ot Iu=iRa ThIle &1 IUART #Rd gU Vigina radiata TR
TISCICAIICT TRIETUT (3BT URTEfUT) F Hald (92 + 1% PN 3R IJuATRT THUE (83 +
1% 3PN & &I Blg Hgayul SfaR (p> 0.05) g 4@ SRS F9 o ad Aifsay 70
(349.70 mg ¢! THP) Pt I Tigdl A, BT HUST IYNT Bt TTTs 3bTs § U o9 Ufehar & fom
T SUANT fopar a1 TROTHT A CIELab W1 I & dTd-Uidl &5 &1 3R Th dadd fa@m|
gTeTiich, 3 T Feeld = {18 UfshdT & gXaard o1 b SR 9 M- {1 ) ST & folt 3xaaret
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fraT o1 AT 81 T8 e TaTeH & WaR SRS THS $T TS ATaRe g STsfaeT
FATAT 8 3R multi effect evaporator T THaS THG (N THF) J I THS & fSSTd &
foTe STaxa® AT &1 THIW Rl & | gTdiids, YUH-THUH-guUE Uiciersy Red d9-3hd
R & Smaiford fasam ar o1 3R 3t 4t el fbT 71T varg @ srafliy et Reawr &t
HU 81 TP SHAmaT, TIRIoS TRiRuaex § WRId werol R & HRUT THUE SR JUH &
TR SHAT BI aLIHAT Bl 31 37 JH13T BT R B P T, Th S8R URIele Whd
3IhUD AIZhIfTd- TR TARIfaH-TWIfadb RUdex carlals (SMAART) &l 180 fal &
forg fReR His & Sfefies oRWR ¥ arafds TRIesd Toiie & SU=R & forg fewmga sk
aferd faram T AT | S He SUAR dails SMAART H fafRTy SUaR o184l gidt 8, art,
Wb SIS (THTA T3NS B o foTT) B 1Y Tbiehd Teb fareet! Hiee (Frel RS H YR
HH & IT) & Y TP WD (acrobic) SBT3, FoRID a1 IR TRUT (AfshT HTe HIcH)
B | IROTHT A RS SHTRASH Bt AT H ~92% HI HH! & ATY-H1Y ST ATIGS! 3R
STaarg uRfRUfaal & IaR-dera & RAas UfeRIyemar R HRA & F1Y-T1Y 3ARa 95%
SRS feQmaT| 9 SdrdT, IUTRG ThIUe ol Wug ot & I (11.05 + 0.75)
TIATTS ¥ (7.76 + 0.22) AP HH 81 7T YT, 1Y Bl Tfafact H 44.16 + 7.82 NTU H 0.14 + 0.08
NTU 9% SH! 315 It | IRURS Tfchd st UfshdT (ASP) & AT SMAART & AT SiaH
b e (LCA) I TdT Il 8 fab ASP A WTE 1 g1 H UaTaR0T WR 41.5% 3 RIS
TG ST ¢ | ST SIdTaT, TUHUT T HIFd TR WR 46.15% HTUH THRIHD THID UST, 3TP
g HC Pt ga-T § RGPt dF P 0 R 42.85% AP THRIAS GUT TS|
SMAART &1 SUINT HRd 9T HH fasielt &1 @ud, W-dleie giHed (i 3R YgargoiRH)
&I U SR TS IATEH BT HH U (~50%) DI 3P U iR 38-m/@m a1 Uil
2L, 3NN UaTg SURR U493 & fidR SMAART &1 Ush a0l fRRAT &1 WISl § =g-aH
3ARRIY I U R Thdl g |




TABLE OF CONTENT

Certificate i
Acknowledgements ii
Abstract iv
Table of Content X
List of Figures XV
List of Tables xviii
Chapter 1- Introduction and literature review 1
1.1 Water intensive operations in textile industry 1
1.2 Textile effluent and its characterization 2
1.3 Indian textile industry clusters and their challenges 4
1.4 Treatment methods for textile effluent 6
1.4.1 Biological method for textile effluent 7
1.4.2  Microbial consortium as an innovative approach for textile effluent treatment 8
1.5 Bioreactor development and operations for textile effluent treatment 15
1.5.1 Integrated bioreactor 16
1.6 Life cycle assessment 17
1.7 Scope of the work/ Research gaps 19
1.8 Objectives 20
1.9 Outline of this thesis 20

Chapter 2- Development and optimization of the native microbial consortium enriched from

textile industry effluent for textile dye and effluent treatment 23
2.1 Introduction 26
2.2 Material and Methods 28
2.2.1 Procurement and characterization of textiles effluents 28
2.2.2 Development and characterization of inoculum 29



2.2.3 Process development and optimization

2.2.3.1 Process optimization with additive

2.2.3.2 Process optimization with PTR effluent

2.2.4 Process Kinetics

2.2.5 Effect of temperature and pH on colour removal
2.2.6 Effect of fluctuations in effluent quality on process performance
2.2.7 Continuous reactor study at lab-scale reactor
2.2.8 Phytotoxicity test

2.2.9 Analytical methods

2.2.10 Statistical analysis

2.3 Results and Discussion

2.3.1. Process development

2.3.1.1. Process optimization with additives

2.3.1.2. Process optimization with PTR effluent

2.3.2. Process kinetics

2.3.3. Community analysis of the microbial consortium

2.3.4. Effect of temperature and pH on decolourization of effluents

2.3.5. Consistency of consortium with effluents collected in different seasons

2.3.6. Continuous reactor study at lab-scale reactor

2.4. Conclusion

30
31
31
33
33
34
34
36
36
37
38
38
38
40
43
45
47
50
53
60

Chapter 3. In-depth understanding of decolourization of reactive dye using developed

microbial consortium

3.1. Introduction

3.2 Material and Methods
3.2.1 Dye and chemicals
3.2.2 Dye decolourization

3.2.3 Prediction of step wise degradation pathway of RB13 dye

3.2.3.1 Metabolites identification using FTIR, HPLC and GCMS analysis

3.2.3.2 Determination of enzyme activities

Xi

61

63
65
65
66
66
67
68



3.2.4 Metagenomic and functional annotation

3.3 Results and Discussion

3.3.1 Dye decolourization

3.3.2 Pathway analysis of decolourization by FTIR, HPLC, and GC-MS
3.3.3 Enzyme assays

3.3.4 Functional annotations to microbial genome

3.4 Conclusion

70
70
70
71
77
78
88

Chapter 4: Treatment of textile effluent using an anaerobic reactor integrated with activated

carbon and ultrafiltration unit (AN-ACF-UF process) targeting salt recovery and its

reusability potential in the pad-batch process

4.1 Introduction
4.2 Materials and Methods
4.2.1 Collection and characterization of textile effluent

4.2.2 AN-ACF-UF treatment system

4.2.3 Sludge quantification, characterization, and toxicity analysis of treated effluent

4.2.4 Saltrecovery, characterization and its utilization in pad batch process
4.2.5 Reutilization of the obtained salt in pad batch process

4.2.6 Statistical analysis

4.3 Results and Discussion

4.3.1 Characterization of textile effluent

4.3.2 Decolourization study of the effluent in the AN-ACF-UF system
4.3.3 Sludge quantification, characterization, and its reutilization potential
4.3.4 Phytotoxicity test of treated effluent

4.3.5. Salt recovery and its characterization

4.3.6 Resource recovery and possible integration in the industry

4.3.7. Practical applicability of developed process

4.4 Conclusions

xii

91

94

97

97

98
100
101
102
103
103
103
105
110
111
113
115
116
118



Chapter 5. Development and performance assessment of on-site pilot scale reactor termed

“Sequential Microbial-Based Anaerobic-Aerobic Reactor Technology (SMAART)” for

textile effluent treatment and its life cycle assessment 122
5.1 Introduction 125
5.2 Material and Methods 128
5.2.1 Site Selection 128
5.2.2  Characterisation of textile effluent 129
5.2.3 Sequential Microbial Based Anaerobic-Aerobic Reactor Technology (SMAART) 129
5.2.4 Performance assessment of SMAART 132
5.2.5 Phytotoxicity study 133
5.2.6 Life cycle assessment (LCA) 134
5.2.6.1 Goal and system boundary of the study 134
5.2.6.2 Scope of the study and functional unit 135
5.2.6.3 LCA Methodology 136
5.2.6.4 Life cycle inventory and assumptions 137
5.2.7 Analytical methods 137
5.3 Results and Discussion 138
5.3.1 Characterization of effluent 138
5.3.2 Performance assessment of SMAART 140
5.3.3 Phytotoxicity test 148
5.3.4 Life cycle assessment 149
5.3.5 Economic viability of SMAART 156
5.4 Conclusion 157
Chapter 6: Summary and Conclusion 160
6.1. A visit to the textile industry 160
6.2. Development of native microbial consortium 161
6.3. Process optimization 161
6.4. Mechanistic insight of dye decolorization process 162

6.5. Development prototype treatment system (AN-ACF-UF) for textile effluent treatment 163

Xiii



6.6. Development and performance assessment of pilot scale treatment system in the industrial

premises for fresh textile effluent 163
6.7. Future Prospects 164
References 166
List of Publications 196
Biodata 198

Xiv



LIST OF FIGURES

Figure 1.1 A flow diagram for different operations involved in fabric production in textile

11816 10511 oy 1

Figure 1.2 Different methods (physical/chemical/biological) used for treatment of colored or

TEXEILE E T UL, . . oottt e e, 7

Figure 1.3 Hypothesized enzyme mediated dye degradation mechanism using the microbial

10T 0 110 ) 4510 10 1 DU 9

Figure 1.4 Schematic representation of the azo reductase enzyme-based degradation mechanism

OF AZ0 YOS ..ottt e 10
Figure 1.5 Intrinsic reactive black 5 dye degradation mechanism using Pseudomonas strain...... 11
Figure 2.1 Schematic diagram of Lab-scale reactor...............cooiiiiiiiiiiiiiiiiiiiiiien 35
Figure 2.2 Optimization of colour removal from dye effluent using glucose and yeast extract......39

Figure 2.3 Colour removal obtained using different ratio of dye effluent and PTR effluent in

presence and absence 0f Yeast EXtTaACt. .. ....vuuieeiiet i 42

Figure 2.4 Change in Colour, COD and Volatile suspended solids during the treatment of effluent

inoculated with microbial consortium versus abiotic CONtrol..........ouuueeeeee i ianns 44

Figure 2.5 Change in pH of treated water during the treatment of effluent inoculated with microbial

CONSOItIUM VErsuS abiotiC CONMEIIOL ...ttt ettt e e e e e 45

Figure 2.6 Metagenomics analysis of the microbial consortium showing: Taxonomic distribution
at phylum level (A); Dominant genus under phylum Firmicutes (B); Proteobacteria (C);
Bacteroidetes (D). . ...iiiiii it e 47

Figure 2.7 Colour removal from effluent incubated at different temperatures under anaerobic

COMAITIONS .+« e e et e e e 48

Figure 2.8 Colour removal from effluent incubated at different pH under anaerobic

o108 1e 11 [0) s LU 49

XV



Figure 2.9 Colour and COD removal from effluents obtained in different seasons under anaerobic

(o100 1e 11 () s L P 51

Figure 2.10 Colour removal from effluent (70: 30 ratio of Dye effluent: PTR effluent) in a lab scale

reactor UNder CONINUOUS TNOAE. ... vnn ettt e e e e e e e e e e, 54

Figure 2.11 Decolourization of effluent using developed process (A) Un-treated effluent mixture

(70: 30 ratio of Dye effluent: PTR effluent) (B) Treated effluent after48h............................ 54
Figure 2.12 Phytotoxicity test of treated and untreated effluent using seed germination .......... 55

Figure 3.1 FTIR spectra of reactive blue 13 dye and decolourized sample of 100 mg L' reactive
blue 13 collected after 48 h of incubation................coii i, 72

Figure 3.2 Metabolites detected using HPLC analysis; A) Initial Reactive Blue 13 dye sample, B)
Decolorized reactive blue 13 (100 mg L) sample ...........coooiivniiiiiiiiiiiiieieeeee e, 73

Figure 3.3 Proposed metabolic pathway for the degradation of reactive blue 13 dye using microbial

consortium enriched using 30% PTR effluent containing 0.5g L™ of yeast extract .................. 76
Figure 3.4 Functional annotation of predicted using a). COG database and b). KEGG database...80

Figure 3.5. Mechanistic insights for the degradation of Reactive blue 13 using microbial

(10T s 110 4510 Ve s DU 88

Figure 4.1: Schematic diagram of the anaerobic biological reactor integrated with activated carbon

filter (ACF) and ultra-filtration (UF) unit (termed as AN-ACF-UF process).............cceevuennn. 98

Figure 4.2 Variation of (A). Colour (Hazen), and (B). COD (mg/L) values of Inlet (Effluent
mixture: 70% dye effluent with 30% PTR effluent), Anaerobic outlet, Activated carbon filter

(ACF) outlet, and Ultra-filtration (UF) outlet during continuous scale operation................... 107

Figure 4.3 Alkalinity and hardness trend of the inlet (effluent mixture: 70% dye effluent with 30%

PTR effluent) and outlet, during continuous scale operation................ooevieiiiiiiiininnienn.n. 110

Figure 4.4 Phytotoxicity test of treated and untreated effluent; (A). Germination percentage and
(B). Radicle length (in cm) of treated, untreated and tap water, Insert- Images of untreated (1) and

treated (2) effTUCNL. ... ..o e 112

XVi



Figure 4.5 Composition of (A). MEE (Multi-effect evaporator) salt, (B). Recovered salt, and (C).

Recovered salt after pre-treatment. ..........oo.oiiiiiiii e 114

Figure 4.6 Salt re-utilization in pad stream process using two different fabrics (4015 &1649); (A).
Effect of pad-batch process on fabric 1 (4015) using recovered salt; (B) Effect of pad-batch process
on fabric 2 (1649) using recovered salt; (C). Calorimetric properties of the treated fabrics (4015
and 1649) in terms of CIELab values (L*, a*,b™)........coooiiiiiii e, 116

Figure 4.7 Potential of novel developed process to integrate with the existing system............. 118

Figure 5.1. A) Detailed schematic diagram of anaerobic reactor B). Schematic diagram and C)

Actual image of the developed SMAART ... ..o 132

Figure 5.2 System boundaries of the biological textile effluent process A) Activated sludge
process, from collection of effluent to aerobic sedimentor; B). SMAART, from collection of

effluent to anaerobic process followed by aerobic sedimentor ................c.ocoiiiiiiiiinn... 135

Figure 5.3 A). Chemical oxygen demand (COD) values B). Colour (hazen values) observed in
outlet effluent of each unit of SMAART process under continuous mode of operation at ambient

(o100 1s 118 () s LU 142

Figure 5.4 The average values of different physico-chemical parameters in outlet (treated effluent)
from each unit A). Turbidity removal; B). Sulphate removal; C). Total dissolved solids removal;
D). pH; E). Alkalinity removal values represent average of 25 data points obtained over a period

of 180 days (at 7 days interval) during continuous mode of operation................c..cooevieenne.e. 147

Figure 5.5 IMPact 2002+ characterisation results (midpoint categories), expressed in percentage,

for developed SMAART and existing ASP.......oouiiiiii i 153

Figure 5.6 IMPact 2002+ Single score results A). Per midpoint impact categories B). Per endpoint
impact categories, expressed in percentage, for developed SMAART and conventional ASP

PLOCESS .« e et te et ettt et e et e et e e e et e et e e e e e e e e e et 154

XVii



LIST OF TABLES

Table 1.1 Physicochemical characterization of the real textile effluent reported in the previous

Table 1.2 Real textile effluent treatment using microbial consortium treatment methods......... 13

Table 2.1 Optimization of decolourization process using different combinations of Dye and PTR

I . ¢ e 32
Table 2.2 Characterization of textile effluents collected in different seasons...........................52

Table 2.3 Performance comparison of microbial consortium-based textile effluent treatment

2111 101 58

Table 3.1 Degraded compounds detected using GCMS analysis of decolorized reactive blue 13
dye sample collected after 48 h of incubation............. ..o 75

Table 3.2 Intracellular enzyme activities in textile effluent samples at 0 h (containing microbial

consortium) and after degradation of dye at48 h.............oooiiiiiiiiiiiiiiii 78

Table 3.3 Functional genes and corresponding proteins in correlation with dominant bacterial

] 01T 1 83
Table 4.1. Different physical-chemical parameters and their methods of analysis................... 97
Table 4.2 Characterization of effluents generated from the textile industry.......................... 104

Table 4.3 Physico-chemical parameters of Inlet (Effluent mixture), Anaerobic outlet, Activated

carbon filter (ACF) outlet and Ultra-filtration (UF) outlet..................ooii . 108

Table 5.1 Life cycle inventory used in IMPact 2002+ method for the comparison of developed
SMAART with the conventional ASP...... ... e 136

Table 5.2 Physico-chemical properties of real textile effluents....................ooovvii 139

Table 5.3 Comparison of operational conditions and treatment efficiencies of developed SMAART

with other similar reported StUIES. ... ...oouuiii i e 144

XViii



Table 5.4 IMPact 2002+ characterisation (midpoint categories) results for developed SMAART

process and conventional activated sludge-based treatment process (ASP) ............cooviniit. 151

Table 5.5 IMPact 2002+ weighting assessment (endpoint categories) results for developed
SMAART and conventional ASP for 1000 KL of effluent treatment.......................oooeiie 152

XiX



	SAURABH SAMUCHIWAL_2017RDZ8239_Thesis.pdf



