Fig. 1.1
Fig. 1.2
Fig. 1.3

Fig. 1.4
Fig. 1.5
Fig. 1.6
Fig. 1.7
Fig. 1.8
Fig. 2.1

Fig.2.2

Fig.2.3
Fig. 2.4
Fig. 2.5
Fig. 2.6
Fig. 2.7

Fig. 2.8
Fig. 2.9

Fig. 2.10

Fig. 2.11

Fig. 2.12
i

‘Fig.|3.1

List of Figures

NIFOZEI CYCIE. ot tieit e et 2
Topology of the denitrification system............coovvveviiiiiiininiin 5
Conceptual illustration of the distal and proximél controls on
denitrifying community and denitrification...............ocoviviniiii 9
Development of biofilm...........ceevuviriieiiriiiinenns ereer e eeaas 11
A typical biofilm StUCTUIE. ... vvveer e eaenes 15
Chemical heterogeneity in biofilms...............coii 16
Active and passive forms of biofilm detachment........ [OTTOPPRTSRI 17
Some most widely used tools to study biofilms in the laboratory......... 18
Most probable number of the denitrifying bacteria in
different activated sludge samples............ooocoiiii 41
Abundance of 16S rRNA, nosZ and nirS genes in different
shudge samples. ... coonvneiniii e 42
Phylogenetic similarity of isolated denitrifiers................... e, 45
Rarefaction analysis of nosZ clones from DaS and GS samples.......... 47
Distribution of nosZ OTUs.................... e 48
Phylogenetic tree of translated ﬁosZ SEQUENCES....etesurininniineiiiaens 50
Nitrous oxide production by Paracoccus sp. W1b and
Diaphorobacter Sp. D1......cooiiiiii SO 51
Phylogenetic tree showing position of Paracoccus sp. W1b and '
Diaphorobacter sp. D1 e 52
Denitrification pattern of Paracoccus sp. W1b and
Diaphorobacter sp. D1...cocoiiiiiiiiiiiiiiiiiiiiiiccin 53
Nitrite accumulation at increasing nitrate concentration...........cceueeen. 54
Influence of C/N 1atio. ....ocovniniii i 55
Denitrification pattern of the isolates obtained from the | |
activated sludge samples........oc.oiiiiiii e 58
Brightfield microscopic image of the Paracoccus sp. W1b biofilm........ 84

List of Figures



Fig. 3.2 ESEM image of the Paracoccus sp. W1b biofilm........................c.e 85

Fig. 3.3 Influence of different nutrient concentrations on biofilm formation by

Paracoccus sp. WIb....ooooiiiiiiiiiiiiiiii e 86
Fig. 3.4 Nutrient components influencing Paracoccus sp. W1b biofilm

§{0 g 11711 (o) (DO OO PUR PPN 87
Fig. 3.5 . CSLM images of Paracoccus sp. W1b biofilm structure.................... 91

Fig. 3.6 ESEM images of Paracoccus sp. W1b biofilm in different media.........94
Fig. 3.7 Comparison of Paracoccus sp. W1b biofilm structures formed
indifferent media...........cooiiiiiiiiiiiiii 95

Fig. 3.8 Denitrification activity of Paracoccus sp. W1b biofilm in

different media.......ooevvriiiionii i 96
Fig. 3.9 Effect of EDTA on Paracoccus sp. W1b biofilm formation........... . .98‘
Fig. 3.10 Chelator treatment on Paracoccus sp. W1b biofilm of various ages...... 98
Fig. 3.11 CSLM images of chelator treated biofilm of various ages.................. 99

Fig. 3.12 3D image of variously aged biofilm grown in MM2-Mg medium........ 100
Fig. 3.13 Cell surface hydrophobicity of Paracoccus sp. Wlbcells.................. 101
Fig. 3.14 FAME results of biofilm subpopulation grown in 4_
MM2-Mg medium after EDTA treatment........c.cooeeeeiviiienninennnnn.. 103
Fig. 3.15 Biofilm formation by Paracoccus sp. W1b in presence .
of different nitrite concentrations.................... e, ST 104
Fig. 3.16 Influence of nitric oxide on Paracoccus sp. W1b biofilm formation......105

Fig. 3.17 Influence of nitric oxide on Paracoccus sp. W1b

biofilm Of Various 8ges.....vevriiiieiiiiiiiiieiieiein e erre e eaee e 105
Fig. 4.1 Laboratory-scale reactor used for biofilm development....................... 119
Fig. 4.2 Activity of the biofilm in presence of different carbon sources............. 124
Fig. 4.3 Melt curve of the real time results............... e eeearaetreeeneanenreaaaanen 125

Fig. 44 Abundance of nosZ and 16S rRNA genes in the biofilm and effluent....126
Fig. 4.5 3D projection of the biofilm CSLM images ) ‘

grown in different C SOUrCeS.....oovviviieiniimiiiiiiiiiiiiiiinccenes 128
Fig. 4.6 Quantification results of the CSLM images of the biofilm........... eraes 128
Fig. 4.7 DGGE image of the community biofilm.................ooiin, 131
Fig. 4.8 Moving window analysis of the biofilm community................cccoeeei 132
Fig. 4.9 FISH images acquired during the biofilm development...................... 135

List of Figures



Fig. 4.10 Ratio of Alcaligenes sp. and Paracoccus sp. to Pseudomonas sp.

during biofilm development as analysed by FISH............................ 136
Fig. 4.11 Ratio of Paracoccus sp. to Pseudomonas sp. in the biofilm.................. 137
Fig. 4.12 3D image of the FISH involving probes for Paracoccus sp. and

PSeudomonas SP.......oveeiiiiiiiiiiiiiiiiii e 138

List of Figures



