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ABSTRACT

Landfilling is still the most commonly practiced form of municipal solid waste (MSW)
disposal in developing countries like India. One of the problems encountered in the
management of MSW landfills is related to the production and treatment of the leachate.
Landfill leachate is a complex wastewater with considerable variation in both quality and
quantity. The presence of significant amount of toxic organic and inorganic compounds in
leachate makes its collection and treatment necessary. However, without knowing the nature
of the chemical changes in leachate with time and space, it would be difficult to design a
suitable system for leachate treatment. Till now there is no extensive database for the
characterization of Delhi landfill leachates. Thus the purpose of this study was to compile a
detailed database of leachate quality from the three Delhi landfill: Okhla, Gazhipur and
Bhalsawa, analyse the temporal and spatial variations in leachate quality, and discuss the
applicability of an aerobic biological process for Delhi leachates for simultaneous removal of

C and N.

In order to determine the physicochemical and toxicological characteristics of Okhla,
Gazhipur and Bhalsawa landfills, several leachate samples were collected over the entire
study period. The degree of pollution and contamination varied substantially with space and
time of sampling. Toxicological characterization using Poecilia reticulata fish bioassay
demonstrated that all leachate samples were acutely toxic. A general relationship between
physicochemical characteristics and toxicity could be observed and it was found that most (or
least) contaminated leachates were generally most (or least) toxic. All parameters examined
showed markedly higher values indicating significant risk to the surrounding environment

and public health.



In a first attempt to identify organic molecules present in Delhi landfills, leachate samples
were collected over a period of two years from Okhla, Gazhipur and Bhalsawa landfills. The
extracts were analyzed using gas chromatography combined with mass spectrometry.
Numerous compounds characterized by high toxicity were identified and attributed to the
chemical classes of plasticizers, pesticides, pharmaceuticals, PAHs, and halogenated
hydrocarbons. Total 117 compounds could be identified of which more than half having the
potential to cause severe harm to human and environmental health. Detailed information on
the toxicology of the identified compounds is also provided in order to give a comprehensive

view on the pollution potential of Delhi landfill leachates.

In order to evaluate the simultaneous C and N removal from MSW landfill leachate, pure
cultures of Paracoccus pantotrophus were studied in shaken flasks in batch mode.
Performance of P. pantotrophus was studied under various levels of chemical oxygen
demand/total nitrogen (COD/TN) ratios, aeration, cyclic addition of substrate and
concentrations of leachate diluted with synthetic wastewater (SWW). With studies on SWW,
the minimum required COD/TN ratio was detected as 9.09, to achieve the acceptable removal
efficiency of 93.79, 64.25 and 51.59% for COD, NH3-N and TN, respectively. Effect of
aeration and cyclic substrate addition for N removal showed better efficiency for non-aerated
reactor with removal of 100 and 92.16% for NH3-N and TN respectively. To determine the
effect of leachate concentration on C and N removal, varying concentrations of leachate were
mixed with SWW on the basis of COD. Increased leachate concentration resulted in linear
decrease in removal efficiencies which varied from 87.15, 58.20 and 47.43% in 10% leachate
to 65.42, 21.02 and 9.07% in 80% leachate for COD, NH3-N and TN, respectively. Although
higher leachate concentration showed inhibitory effects on substrate utilization, P.

pantotrophus could successfully perform aerobic denitrification resulting in simultaneous C



and N removal, rendering it as a useful candidate in the treatment of landfill leachate. The
results of batch studies suggested that, the bacterium could perform better with fixed film
systems which allow tapering of inhibitory effects of leachate such as rotating biological

contactor (RBC).

For studies on a fixed film system, a four stage rotating biological contactor (RBC) was
designed and operated to treat synthetic wastewater and leachate mixed with synthetic
wastewater, containing 1000 mg/L COD and 112 mg/L NH,; -N. A mixed culture bacterial
biofilm was developed consisting of the heterotrophic bacterium Paracoccus pantotrophus,
nitrifiers and other heterotrophs. Attributing to the peculiar characteristics of P. pantotrophus
of simultaneous heterotrophic nitrification and aerobic denitrification, high simultaneous
removal efficiency of 91.88 + 2.16 and 74.58 + 12.65 % for COD and total nitrogen
respectively, could be achieved in the fully aerobic RBC while treating synthetic wastewater.
Whereas, inhibitory effects of leachate toxicants could be observed with increasing leachate
concentration in leachate mixed synthetic wastewater, with removal efficiency being 85.22 +
3.08 and 43.10 + 7.25 in 10% leachate to 61.67 £ 3.22 and 14.18 + 7.90 in 80% leachate for

COD and total kjeldahl nitrogen (TKN) respectively.

The microbial community structure of the RBC biofilm was categorized based on the nitrate
reduction, biochemical reactions, gram staining and morphology. The presence of P.
pantotrophus within the RBC biofilm was confirmed with an array of biochemical tests.
Isolates from the four stages of RBC were grouped into complete denitrifiers, incomplete
denitrifiers and non-denitrifiers. This categorization showed dominant presence of P.
pantotrophus in the first stage as compared to subsequent stages, where other nitrifiers and

heterotrophs were significantly present. High total nitrogen removal of upto 68% was in



conformity with observations made using microbial categorization and biochemical tests. The
dominance of P. pantotrophus over other heterotrophs and autotrophic nitrifiers in the

biofilm revealed that it could successfully out-compete them in mixed bacterial biomass.

Vi



TABLE OF CONTENTS

LG 3 0T 1
ACKNOWICAZEMENLS. .t tuteieitiiitieiiiii et trtttieieetteeenetteaeeeansaesneensansnesneensnnss 1
N 015 T 111
Table Of COMEENTS. . euuinineeiiiiiieitii ittt te it et reeeeeaeaeeeeneensansneeneenses vii
LSt Of f1gUIES .t utieiiiii e Xiv
35 S0 G 21 o) P Xvii
Chapter 1 INtroduction........ccoiiiiiiiiiiiiiiiiiiiiieiiiiieteiineeeeesnesseenssseenssossnssscnns 1
1.1 Background Information.....ceeeeeeeeeieneieiieiieeiieieieeeneeesneeeneeeneeseneesnneennsanns 2
1.2 Research Objectives and Scope 0f WOrK....iveeiiieiiiiiiiiiiiiiiiiiiiieiieeineienneennnns 5
1.2.1 Leachate characterization.......veeeveeiieiiiiineiieiiiiiieiiiiieeiiinesnerieenesanenns 5

1.2.2. Leachate treatment by P. pantotrophus........eeeeeeeeiiiiiiieieneiieseeeneeennennn. 5

1.3 Dissertation OrganiZatiOn «.e.ueeeeeeeeeeeeeeeeneesneesssesnssenssesnsssnsssssssnsssnnsesnsanns 6
Chapter 2 Literature FeVIEW. ....ocuviiiiiiieiiiitiineieieeinerenneeinesesnesenescssssnsssnsscnnsanns 8
B B 6113 0T 1017 510§ DO 9
2.2 Leachate generation, composition and characteristiCs ...veueererreeeeeneeeneeneeneeenennen. 9
2.3 Factors affecting leachate COMPOSItION. . .veueeriererreirreeneeineeneeeneeneeneeeneenesnnenns 13
2.3.1 Seasonal Variation.....e.eeeeiieiiniieiieiiniiieiiiitiieeitietieeiaeaeeiaeineeaas 12

2.3.2 Landfill @@e..cueeeienerreeieiieeneiineenereeeeeraeeeneaneeansantenessnsansannennsanaans 14

2.3.3 Composition of waste dumped.....coeeeeeiiieineiiiirierniiieenerieeneeeneeneeneanns 15

2.3.4 Geological CharaCteriStiCS..uueenerreeeeeeneerereneeneeseeeneeneesneeneanessnseneennsnns 16

2.4 Treatment 0f 1€aChate. ....vvuiiiiiiiiiiiiiiiiii it ree e 16
2.4.1 Physico-chemical treatMent....eeeeeuereereereeeneereeeneeneeenesneennseneanessnsonens 18

Vi



2.4.2 Biological treatment. .. .eeeeeeeerereeeeereereraneenereneenesaneenceneesnsencsnnsansnns 19

2.4.2.1 AerobiC treatment. . ocveiuiieiieineiniieiiiiiiiiieiieiieieieeieeneeaeieraens 19

2.4.2.2 AnaerobicC treatment. ....eeueieineiiiiieiieiiiitieiierieineieeneeeeneneenes 20

2.5 Treatment mechanism involved in biological ProCesSeS....ouveererrenernernereneeneraneannns 21
2.5.1 Conventional treatment for carbon and nitrogen removal..........ccccevvveennnnn. 21

2.5.2 Simultaneous carbon and nitrogen removal.......oveeeiieeiiiiirnereeenerenenen. 23

2.5.2.1 Advantages of simultaneous nitrification and denitrification (SND)....24

2.5.3 Heterotrophic nitrification and aerobic denitrification.........cccceeeveieinennnn.. 24
2.5.3.1 Heterotrophic NitrifiCation.....eeeeeeeeerereeeeneeneeeneeeeneeeneeneennsensenesnenns 24
2.5.3.2 Aerobic denitrifiCation.....veeeueiiieiieiniiiiiiiiiiiiiiiiiriieiere e 25
2.6 A Critical summary of leachate treatment ProCeSSES...eeruerriiuinernerneinrnernerneenennenes 27

2.7 Paracoccus pantotrophus a bacterium capable of simultaneous heterotrophic nitrification
and aerobic denitrifiCation. ..o.veeeeeiiiiiiieiiiiiiiiiiiieieiereeeieeeereeneeneaaaaens 28

2.8 Some biotechnological applications of the peculiar enzyme system of P. pantotrophus for

landfill leachate treatment. .. ..oceeeeeriiiieiieiiiiiiiiiii it e et reeeneaneeaenenns 31
2.9 SUMMArY Of IEETatUIC. . eeuuerireiiietiietiieteineeeneeennereneeennesenesssnsosnsssnssosnsosnnsonns 36
2.10 Leachate treatment studies available on the selected SiteS......covvverieriiiniinrnennennnn.. 38
2.11 Requirements for future reSearch......oeeeieeieeiieiiiiiiieiiiiiiiieiiiiineieeereneeenneeenes 39

Chapter 3 Physicochemical and toxicological characteristics of leachate from Delhi

municipal solid waste landfills..............coooiiiiiiiiiiiii 41
0 B 0313 (00 10750 4 U 42
3.1.1 Leachate qUAalify...ceeeueiniieiiiiiiniieiiiiiiiiiiiiiiiieiiieieneerereenenaenees 42

3.1.2 Factors affecting leachate quality.......cooevveiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaenns 43

viii



3.2. Materials and MethOdS. . .vveeeeeeerreereeeeeteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseesssseesesssessesenes 45

3.2.1 Landfill site deSCriptionS...e.eeeeeenerneerereneenereneeneraneeneeneesesencenesansensens 45
3.2.1.1 Okhla Landfill Site....c.evevreiniiniiuiiiiniiniiiiiiiiiiiineineienaenenns 46
3.2.1.2 Bhalsawa Landfill Site......ccoveiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiienenns 47
3.2.1.3 Gazhipur Landfill Site.....cvueineriniiiiiieiiiiiiiiiiiiiirieeneeneennns 48
3.2.2 Sample collection and analysiS.....eeeeeeeererenernernerenerneeeneeneeneenneeneenesnnss 48
3.3 Results and DiSCUSSION. . euututiutiniieitiitieiieiitititietitetiatieetereeneiesaeseensaasnens 50
3.3.1 Physico-chemical characteristic of leachate ........ccceeeviievieiiiiiiinniinnnn.n. 50
3.3.1.1 Influence of landfill age on characteristics of leachate.................. 60
3.3.2 Heavy metal analySiS.eeeeueeeeeeeeeeenereneeeeneeeneeneeaneeneeneennseneennsonsences 64
3.3.3 Toxicological characteristics of leachate........ccocevveviniiiiiiriiiiiiiennnnnnenn. 67
3.3.4 Temporal Variation and age analysis of leachate.........cecevvuiiiinniinennnnnn. 72
L 1073 To] 1853 ) N 73

3.5 Recommendations for selection of treatment process based on the observed characteristics

Of the 1andfill 16aChate. . oo vttt ittt ittt ettt ettt ettt teeneenenneneenennens 75

Chapter 4 Identification of organic contaminants in leachates from municipal solid

waste landfills in Delhi..........cooooiiiiiiiiii 78
T 015 (00 107 5[ ) N 79
4.2 Materials and MethodS......couiiuiieiiiiiiiiiiiiiiiiiiiii e e e 80
4.2.1 Sampling of Leachate.....cceveiieiiierieineiiirneereenneeneeeneeneeseeenceneennsancnns 80
4.2.2 Identification of Organic Pollutants.......cceeveeerniinernerreenerneeenenneenaeenenns 81
4.2.3 Extraction of Organic CompOUNdS...c.eeeueeeeeereneeireeerneeerneocneesneseanconness 81
4.2.4 GC-MS ANALYSISttuutenerrerenerneeaneaneenereneenesensenessnesnsensssnssnsensssnsensanes 82

4.2.5 Development of score card for the determination of distribution and strength of

SUDSTANCES 1N [E€ACHATE. . evttttttiiiiittttiiiitieeteteeneeeieeseeessenesseseseesnnnnes 82



4.3 RESUILS ANd DISCUSSION. ¢ tttttttteererreeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeseeeeeeeeseeseeseeseeseeees 83

4.3.1 Organic molecules and their toxicological properties......coeeeeeereeenereneenennn. 84

4.3.2 Score card analysis for the determination of distribution and strength of

SUDSTANCES 1N 1€ACHATE . v v urrriieereenueseesessnesnssesssssssssssnnnnsnnnns 111

4 COMNCIUSIONS .ttt tttttteteeeeeeeennneeeeseeessessseeseeesssssssesesasssssssesessssssssssssssssnnnnes

Chapter S Evaluation of simultaneous carbon and nitrogen removal from municipal

landfill leachate by batch cultures of Paracoccus pantotrophus..........cceevueeeennnen. 114
5.1 INtrOQUCHION. vttt ittt et sttt etasesaetaenaenennes 115
5.1.1 General description of Paracoccus pantotropus..........o.eeveevevvevnevnenaenen. 115

5.2 Materials and methodsS.....couvveiiiiiiiiiiiiiiiiiiiiiiiiiiiiii e 118
5.2.1 Microbe, Media and GroWth...eeeeeeeieeeereiiiiiiieeeeereeerenneeereeesnnnnneeees 118

5.2.2 Composition of synthetic media for batch experiments.........cccceevueinennen. 119

5.2.3 Characteristics of leachate used in the experiments.........ocevevevnevniininnnne. 119

5.2.4 Shaking flask batCh StUdIES....eeereiiiuiriieiiiiiiiiiiiiiiiieineeereeenneenns 120

5.2.5 Sampling and analySiS...eeeeeeueeereeerueereeeneeerneeeneeesneesneecsnsesnsecnssanns 121

5.3 Results and diSCUSSION. . ..iuivuiieiiiiiiiiiiiiiiiiiii it rre et rieeeeaeeaeeens 121

5.3.1 Selection of optimum synthetic medium for growth of Paracoccus
DANLOIFOPIUS e ceveeeeeaenieeeeeeeeateeteenteaeeaesansesssansensssnsenssnssnnsensesssansnns

5.3.2 Selection of optimum COD/TN 1atio...eceeeuiirirneiiiineriiiiiiieeneineennnnnns 122

5.3.3 Effect of aeration and cyclic substrate addition on nitrogen removal

S TR (S 110 PP

5.3.4 Effect of leachate concentrations on treatment efficiency under varying and

CONSEANT C/N TATI0S . ¢ et teeeteeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 130

oI N 070} 4 o] L5153 o) 1S



Chapter 6 Treatment of synthetic wastewater by Paracoccus pantotrophus in rotating

0] (e T T I ) 1 12 T ) P 133
6.1 INtrOAUCHION .etuuinniiiiiiiiii it e e e e e e eaaes 134
6.2 Materials and MethOdS. ....cveveiiiniieiiiiiiiiiiii et eneeaeeaes 135
6.2.1 Schematics of the experimental SEtUP....veueererreererreennreeenereeeeneeneennens 135
6.2.2 Composition of Synthetic WasteWater.....eeeeeeeererreeeneeneeneeeneenereneaneennss 137
6.2.3 Development of the biofilm and the reactor operation..........ccceveveenennnn.. 137
6.2.4 Sampling and aNalySiS...ueeueeeereueererrereneeneenereneeneseneenesseesnseneannsansnns 138
6.2.5 Biofilm Sampling and identification of microorganisms...........c.cceeueenen. 139
6.2.6 Identification of dominant MiCrOOTZaNISMS. .euerereeeenerereeeeneeeneseaneecneses 139
6.2.7 Screening for DenitrifiCation...oeeeeeeeeeeeeererenereneereneeeeneeeneecsesennconness 139
6.3 Results and diSCUSSION. ..viutieiieieiiiiiiieiititieieiteeeeieereeneeneeeraeeneeneansnenns 140
6.3.1 Performance and nutrient removal characteristics of RBC.............c.......... 140

6.3.2 Relationship between biofilm growth and nutrient removal characteristics....142

6.3.3 Biofilm characteristics and microbial COMMUNItIES..eeeveiiiiiiiriieeieeeeennnnn. 145
6.3.4 Morphological and biochemical characterization.........ceeevvveeierieenennnnns 147
0.4 COMCIUSIONS e et eteetteteeteeeeeeeeeeeeeeeeeeeeeeseessessessesssesesssssssssssesssssssssssessenns 150

rotating biological contactor (RBC) ......coiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiineseeennenns 126
7.1 INtrOAUCHION. ettt ittt et ettt e eeeeaseneenesansenssnnenns 152
7.2 Materials and MethodS.....oeuiiiiiiiiiiiiiiiiiiiiiiiiiii e eeaees 154

7.2.1 Schematics of the experimental SetUP.....cveeereiiieiereeiieeiieiereeeneeennenns 154
7.2.2 CompoSItion Of WaStEWaAtel e euuieruerireterneernerereeenneeeneeesneesnsecnnsannseanes 155
7.2.3 Development of biofilm and start-up of the reactor........ceceevvveiiiniennnnnne. 157
7.2.4 Sampling and analysiS...ceeeeeereeireiereeieiereeereeeneeesneecneeesneesnssennsanns 158

Xi



7.3 ReSUILS ANd QISCUSSION. ¢ ttttettttttrttereeteeteeeeeeeeeeeeeeeeeeeeeeeeeeeeneeeeeeeeseesseeseeenees 159

7.3.1 Effect of leachate concentrations on the efficiency of RBC system................ 159
7.4 Process design for rotating biological contactor (RBC) treating leachate combined with

sewage: field implementation StrateZy....eeeeeeeereieiereerenererneeeneeeeneesneecansonneenns 161

7.4.1 Technological scheme for the combined treatment of leachate with sewage........ 161

7.4.2 Strategy for designing the RBC based treatment plant for combined treatment of

leachate With SEWaZe..eeeiiiiiiitiiiiiiieiiiiiteieeeneeeeeeenetenneeenesenneennens 162
7.4.2.1 Characterization Of WasSteWater....ocvveiiiiiieiiniiiiiieiiiiierieineineenens 164
7.4.2.2 Estimation of leachate flow and size of treatment plant..................... 164

7.4.2.3 Identification of design conditions for developing process design for RBC

0451 1) 14 U 165

7.4.2.3.1 Design of an RBC Unit...c.cvviiiiiiinniiiiiniiiiiiiniiiniineenannnes 165

7.4.2.3.2 Target effluent quality and staging of RBC unit..........cocevuenenn. 165

7.4.2.3.3 Determination of process loading conditions.........ccevevueenennens 167

7.5 DISCUSSION. ¢t tuttniiniiniititintitetttttntiaetetttentiaetaetsaeeaeeaetesnessessssesnesnesnennens 169
7.6 CONCIUSIONS. ¢.vtuuiniiniiniitiiiiiitiiiiiiit ittt tteeetaetaetteesaeeaetasneenennenes 172
References. ....oocvuviiiiiiiiiiiiiiiiiiiiiiiiiii i e 173

1 Computation for the design of RBC Process.....eueeeeeeeeineinereeeiierneeeneeneeneeeneenaennss 211

1.1 Determination of influent and effluent sBOD concentrations and wastewater flow

2 211
1.2 Determination of RBC shafts for a staged RBC system with tapered feed flow......... 213
1.2.1 Determination of RBC shafts for 8 MLD System......ccceevereeeenenneenneenennn. 213
1.2.2 Determination of RBC shafts for 2 MLD System......ccccevreeeeeenennerneeenennn. 213

xii



1.3 Calculation of sBOD concentration in each stage using the shaft area and flow to each

] 2T PN 215
1.3.1 Calculation for sSBOD removal for 8 MLD SySt€M.....ceveveeeeerneeeneeneannnns 215
1.3.2 Calculation for sSBOD removal for 2 MLD SySt€M.....ceveveeeeerneeeneeneannnns 216
1.4 Calculations for organic, nitrogen and hydraulic loadings.........cccvveiieierinennennnnn. 217
1.4.1 Organic, nitrogen and hydraulic loadings for 8 MLD system.................... 217
1.4.2 Organic, nitrogen and hydraulic loadings for 8§ MLD system.................... 219
Brief Bio-data of the Author.............cooiiiiiiiiiiiii 223

xiii



LIST OF FIGURES
Figure 2.1 Conceptual diagram of leachate migration from a landfill (from Freeze and
(01151 A £ ) T PPN 10

Figure 2.2 Leachate production and rainfall variation with time (Viswanathan et al.,

Figure 2.3 Variation in significant pollutant ratios with increase in age of the landfill (Chian
ANA DEWalle, 1976) .uiinniiiiiiiiiii ittt iei it eeeeeeeeaeteaneeenseenneesnseennsenneeannns 15
Figure 2.4 Reaction scheme of heterotrophic nitrification and aerobic denitrification (Wen

001 I\ T ) O ) P 29

Figure 3.1 Factors influencing leachate composition in a landfill...........cceeveiiiniiinan.... 43
Figure 3.2 Location of Okhla, Gazhipur and Bhalsawa landfill sites and the geology of the
study area. (source: CGWB 2001) ..uiiuiiiiiiiiniiiiiiiiiiiiiiiiiiiirieieneeeeaeaes 47
Figure 3.3 Leachate sample collection points. F: Leachate stream flowing on the ground; W:

Fresh leachate oozing out of waste dump; P: Old leachate pool.......cccceveviniiieiiniinnnnnnns 49

Figure 3.4 Seasonal variations of leachate quality parameters for Okhla landfill. (O1) COD,
BOD, pH; (02) TKN, NH;"-N, Alkalinity; (O3) BOD/COD, BOD/TKN, BOD/NH,'-N; (04)

Chloride, Hardness, TDS. Sampling points given in bracket as: (F) leachate stream flowing

on the ground; (W) waste dump; (P) leachate pool.....cccceiiiiiiiiiiiiiiiiiiiiiiiiiiiiienneenns 55

Figure 3.5 Seasonal variations in leachate quality parameters for Bhalsawa (B1 — B4) and
Gazhipur (G1 — G4) landfills. Leachate sampling points given as: (F) leachate stream flowing

on the ground, (W) fresh leachate oozing out of the waste dump, (P) old leachate pool

Xiv



Figure 3.6 Average concentrations (mg/L) and standard deviation of some physico-chemical
parameters for Okhla, Bhalsawa and Gazhipur landfills.........cooiiiiiiiiiiiiiiiiiiininn... 59

Figure 3.7 Relationship between various leachate quality parameters with landfill age.

(Average values of parameters for each landfill is correlated with landfill

Figure 3.8 Average concentrations (mg/L) and standard deviation of heavy metals in Okhla,

Bhalsawa and Gazhipur [andfillS......ceereiiiniiiiiiiiiiiiiiiiiiiiiiiieiiiieeneeenneeeneeennes 68

Figure 3.9 Average concentrations (mg/L) and standard deviation of toxicity values (LCsg)

for Okhla, Gazhipur and Bhalsawa landfillS.........ccceveiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnn., 52

Figure 3.10 Correlation between leachate toxicity (expressed in terms of LCsp) and

concentrations (mg/L) of (A) NH,-N, (B) TDS, and (C) COD for Okhla landfill
T2 1] 1 N 70

Figure 3.11 Correlation between leachate toxicity (expressed in terms of LCsg) and average

concentrations (mg/L) of (A) NH,"-N, (B) COD, and (C) TDS of the three landfills. ........ 71

Figure 3.12 Average toxicity of Okhla, Gazhipur and Bhalsawa leachates (results expressed

1N TOXIC UNIES) teutiiinteinteinnteiteineterneeereeenneeenssesneesnseesseesnsesnssesnsesnssennsesnssenns 72
Figure 4.1 Organic compounds identified in Okhla, Gazhipur and Bhalsawa landfill

LA ALES e vt tteeeeueseessessesssssessssssssssssssssssssssssssssssssssssssssssssnssnnnnnes 86

Figure 5.1 Growth curves for P. pantotrophus grown in synthetic media.................... 122

Figure 5.2 Variation in COD and NHy4-N removal efficiencies and nitrate nitrogen build-up

1N dIffEreNnt COD/TIN FatI0S. e uuuuuuunnnnnnnnnnnnnnuesesssssesssssssssssssssssssssssssssssssssssssssnes 124

Figure 5.3 Effect of DO and substrate addition on N removal efficiency...........cc.cuuee... 126

XV



Figure 5.4 Effect of varying leachate concentration on treatment efficiency in shake flask

reactor with varying and constant C/N ratioS....c.ceeereiniieiieriiniieiierneieieenerneenenesnens 131

Figure 6.1 Schematic diagram of the experimental Set-Up......cceveereererinienerneeenenneennnns 137
Figure 6.2 Appearance of various growth stages of RBC biofilm during the course of reactor
OPCTALION. ¢ vt teueeeneeeneeenneesneeenneesnesennsesnsesnseenssssnsssnnsesnssssnsesnsssnssesnsesnssennsens 144
Figure 6.3 Distribution of denitrifiers on the basis of (A) total isolates picked-up, (B) isolates

picked up along SUCCESSIVE StAZES.euueutrrrenerereneeneeneraneenesaneenesnnesnseneennsansenasnnss 148

Figure 7.1 The laboratory scale RBC used for the study......ccccevveiieiiniiiiiiiiiinennnnnn. 154
Figure 7.2 (A) biochemical test arrays: API 20E and HiMedia test kits, (B) microbial
1SO1at1ON ON AGAT PlaAtES..ueternerireierneeeneterneerneeerneesneeeneeesnesessesnsesnssesnsesnssennsanns 158

Figure 7.3 An overview of the technological scheme for combined treatment of leachate
mixed with sewage in an RBC based biological treatment system. .........cceveveineinennenn. 162
Figure 7.4 Flow chart depicting strategic approach for designing the RBC based treatment
plant for combined treatment of leachate With SEWage.....cevveiiieriereiirreenerineenennnennens 163

Figure 7.5 Correlation between leachate concentration in MWW and flow rate of

Figure A.1 Schematics for tapered feed flow arrangement for a 3 staged RBC system (A) 8

MLD, (B) 2 MLD....ueteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesaeeeeseseraeeeeseserneeeesaas 214

XVi



LIST OF TABLES

Table 2.1 Characteristics of young and old leachates........ceeeiierieiiiiiinieiienneennennnnns 11

Table 2.2 Advantages and disadvantages of different landfill leachate treatment techniques

............................................................................................................. 17
Table 3.1 Details of Okhla, Bhalsawa and Gazhipur landfill sites in Delhi..................... 46
Table 3.2 Physico-chemical characteristics of Okhla landfill leachates...........c....c...e..... 51
Table 3.3 Pysico-chemical characteristics of Bhalsawa landfill leachates...................... 51
Table 3.4 Physico-chemical characteristics of Gazhipur landfill leachates..................... 51

Table 3.5 Physico-chemical characteristics of Okhla, Gazhipur and Bhalsawa landfill

T2 1] 1 N 59
Table 3.6 Heavy metal analysis of Okhla, Gazhipur and Bhalsawa landfills................... 64
Table 3.7 Toxicity of Okhla, Gazhipur and Bhalsawa leachates: 96h LCsg....cvvueininnnenn. 68

Table 4.1 Organic compounds identified in Okhla, Gazhipur and Bhalswa landfills of

Table 4.3 Classification for Occurrence and Strength of Substances in Leachate from MSW
Landfills in Delhiu..eiuiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnrn e 111
Table 5.1 Different biochemical reactions shown by P. pantotrophus (Robertson and

KUenen, 1083) .uuiiiiiiiiiiii ittt eiieeiteeteeeneeeaenneeeanneeesannesesnnsseennnssennnes 117

XVii



Table 5.2 Growth of P. pantotrophus on some organic substrates (Robertson and Kuenen,

0 ) TN 117
Table 5.3 DSM medium 356.....ciuiiuiiuiiiiiiiiiiiiiiiiiiiiiiiiiireiaeieeiereeaeenenes 118
Table 5.4 Composition of synthetic media used for acclimatization studies.................. 119
Table 5.5 Characteristics of synthetic media and leachate®...........ccoveveviiernenenenennnnn. 120
Table 5.6 Efficiency of P. pantotrophus under varying COD/TN ratios.........cccceuenennen. 123
Table 5.7 Nitrogen mass balance in the aerated shake flask reactor (R1)..................... 127
Table 5.8 Nitrogen mass balance in the aerated shake flask reactor (R2).........ccueuee.n... 128
Table 6.1 Summary of the dimensions of RBC experimental set-up........ccoevueveinennenne. 136
Table 6.2 Wastewater CharacteriStiCS..vueeuiieiiereiniiniieiiiiiieiierieiniieierieeernenasnenns 137

Table 6.3 Process loading conditions of the lab scale RBC treating synthetic wastewater.138

Table 6.4 Carbon and nitrogen removal efficiencies along successive stages of RBC...... 141

Table 6.5 Population and distribution of microbial communities along successive stages of

Table 6.6 Different reactions™® shown by P. pantotrophus (Robertson and Kuenen, 1983) and

1011115 g K10 - 1 (1 P 149

Table 7.1 Design specifications of the lab scale RBC used in the study..........ccceeenenn.. 155

Table 7.2 Chemical composition and properties of synthetic wastewater used for the

XViii



Table 7.4 Effect of leachate concentration in feed on RBC efficiency.......ccccvvuvenennnnnn. 160

Table 7.5 Staging recommendations for an RBC with P. pantotrophus biofilm............. 166

Table 7.6 Design information for rotating biological contactor........ccvvevniieineinennenne. 169

Table A.1 Characteristics of raw sewage, leachate and mixed wastewater to be treated with

Table A.2 Estimate of leachate flow and the size of treatment plant...........cccevevnenen.e. 213

Table A.3 Summary of design conditions for developing a process design for RBC

Table A.4 Summary of computed values of various parameters for the process design of an

RBC for combined treatment of leachate and sewage under different leachate dilutions...222

XiX



	Vijaya Singh_PhD_August 2016.pdf

