CONTENTS

e P .o vttt i
I ICALC. . e e i
Declaration by the candidate..............ooiiiiiiiiiii e ii
Copyright transfer certificate.............coooveiiiiiiii e WY
ACKNOWIBAGMENT. ...\ v
000 ] ] (10| £ T PR vii
List Of table. ... ..o s Xiii
LISt Of fIQUIE .o XVi
ADbreviations & NOtations .............ouiiiuiiiiit i XXI
P O A CE. .ot XXiii

CHAPTER -1 : INTRODUCTION

I =T o 1= - SRR 1
1.2. Historical background oOf PESLICIARS .........cceeiiuiiiiiiiie i 1
1.3. Classification Of PESHICIARS. ......cciuiiiiiiiie e 2
1.4, USAQe OF PESTICIARS ....c.veeeiiieiie ettt 5
1.4.1. World scenario of PeStICIUES. ........cccviieiiiieciie e 7
1.4.2. Indian scenario Of PESHICIUES. .......eceiuieeiiie e 8
1.5. Sources of pesticides in eNVIFONMENT ..........ccvieiiiieiiiie e 12
1.6. Adverse effects Of PESTICIARS. .......vieiiee e 13
1.6.1. HEalth €FFECTS .....veiiiieiie e 13
1.6.2. Environmental effECTS ........ooviiiiiiiie i 14
1.7. PeStiCides regUIALIONS.........ccvieiiiie e e e e ae e eaae e 15
1.8. Pesticides control teChNOIOGIES ..........eeeiiiiiiiie e 15
1.8. 1. AUSOIPLION ...ttt e e et e et be e et ae e e enteeeanneee s 16
1.8.2. Coagulation-flocCulation ..............cccouveiiiii i 17
1.8.3. Photo-degradation ............cocuveiiiie i 18
1.8.4. OXIAtION PrOCESS. .. .eeeivieeiiieeeitieeectte e e st e e st e e st e e et e e st e e s srre e e sraeeesnteeeaneeeas 18
1.8.5. GaMMA FAAIALION ... ..eeiviieiie et 19
1.8.6. BIOUEQGratatiON ........veeiiiie et e e e 19
1.9. Problem identifiCation ...........ccooiiiiiiiie s 19
1.10. Objective of the Present StUAY .........c.eceviiieiiii i 20

Vi



Contents

CHAPTER -1l : THEORY AND LITERATURE REVIEW

2.1, Methyl Parathion ... 22
2.1.1. Environmental levels of methyl parathion.............cccccooiiiiiiii e, 23
2. 000, AT ettt ettt r e b e ens 23
2.1.1.2. SO QNG WALEK .....oeeeiieieiiieie et eeenes 23

2 I T T o T To SRS 23
2.1.2. Toxicity of methyl parathion ...........c.coovviiiiiiiii e 24
2.1.3. Effect of methyl parathion ... 25
2.1.4. Guideline value of methyl parathion .............cccoccovieiiii i 25
2.1.5. Uses of methyl parathion ..o 25
2.1.6. Reaction pathway of methyl parathion..............ccccooeiiiiiii i 25
2.1.7. Technologies used for methyl parathion degradation..........c.c.cccccevvvevriiennnnne. 27
2.1.7. 1. AUSOIPLION. ...ttt 27
2.1.7.2. Cavitation and SONICALION..........ccoviiiuiiiiiieie e e 30
2.1.7.3. Photocatalytic degradation............cccccevveviveiesiesieese e 32
2.1.7.4. FENtON OXIAATION ...cuviiviiiieiecie et 35
2.1.7.5. ElECtro-FENtON PrOCESS.....cviiieiiecie ettt 35
2.1.7.6. Electrochemical oXidation...........cccoveiieiiieieiie e 38
N O G © 7o) - £ o] PRSP 40
2.1.7.8. Sonocatalytic degradation ...........cccceceveeiireiesie e 40
2.1.7.9. Other tECNNIGUES ........oouiiiiieiieiei et 42
P 1 o1 (o]0, 1 {01 TSRS 42
2.2.1. Environmental levels of chlorpyrifos ..o 43
2.2. 1.1 AT ot e e re e e nraeanre s 43
2.2.1.2. SO @NA WALET ..o 43
At T o To o USSR 44
2.2.2. Toxicity Of ChIOTPYIITOS .......ocviiiiiiieieee s 44
2.2.3. Effect of ChlOrpyrifosS........coiviiiieceee e 44
2.2.4. Guideline value of Chlorpyrifos.........ccocviiiiiiiii e 44
2.2.5. Uses Of ChIOrpYrifos.......ccviiiiiiic i 45
2.2.6. Reaction pathway of Chlorpyrifos.........ccccvovviieiiies e 45
2.2.7. Technologies used for chlorpyrifos degradation ............cccccoceviieiiniiicicnenn, 46
2.2.7.1. 1rradiation PrOCESS......ccivieiieeiie it esieese et e e te e e e beesnraesreeanae s 47



Contents

2.2.7.2. Biodegradation ...........ccooiiiiiiieiie i 48
2.2.7.3. Fenton and photo-FENTON.........c.cccviieiieiecic e 55
2.2.7.4. Photocatalytic degradation ..o 58
2.2.7.5. Electrocoagulation method............cccooovriiiii i 60
2 B O 14 0o 111 o SO SRPRPRR 62
2.3.1. Environmental levels of carbofuran ..o 62
2 T T L | TSSO 62
2.3.1.2. SO @NU WALET ......eiveeiieiie ettt steeneenres 63
G T T T To SRS 63
2.3.2. ToxXicCity Of CArbOTUIAN..........cviiiiiiieec e 64
2.3.3. Effect of carbOfuran ..........cocco o 64
2.3.4. Guideline value of CarbOfUraNn..........cccooi i 65
2.3.5. USES OF CArDOTUIAN .....oveeieeie et nnes 65
2.3.6. Reaction pathway of carbofuran ... 66
2.3.7. Technologies used for carbofuran degradation.............ccccoeeveveiieii e e 68
2.3.7. 1. AUSOIPLION ...ttt 68
2.3.7.2. Photocatalytic degradation ............ccccoeeiiiiie e 73
2.3.7.3. Fenton oxidation and photo-Fenton............ccccceeveieeiv e 78
2.3.7.4. Other tECANIGUES ........ooveiitiiiee ettt 79

CHAPTER - 11l : TREATMENT PROCESS

3.1. Coagulation-floCCUIAtION ..........cciiiiiiieiee e 81
3.1.1. Background of coagulation-flocculation process..........ccccevveveieeiecviesieesieenens 81
3.1.2. Hydrolysis of AI(IT) and FE(I) ... 82
3.1.3. Coagulation MECHANISMS ......cceiiiiieiiie e 83
TN o - To [0 = ] TSSO PRRN 85

3.2 FENTON OXIAALION ...ttt ettt sneenne e 86
3.2.1. Fenton reaction MeChaNISIM..........coviiiiie e 86
3.2.2.1ron as Fenton CatalySt ..........ccccveeiieiieic e 89

CHAPTER - IV : PROCESS OPTIMIZATION TECHNIQUES

4.1. Response surface Methodology ........covvveireiiiieiice e 90
4.1.1. Central COMPOSIE AESIGN .....veeivieiiieiiie ittt 91
4.1.2. ANAlYSIS OF VAIIANCE .......ccuviiieeie et 92



Contents

4.2. Modeling uses adaptive neuro-fuzzy inference SyStem.........ccoccevveevvniniinns vveenns .93
4.2.1. ANFIS ArChiteCIUIE ......viiiiieiciecee e 94
4.2.2. TNE INUBX c.eetieiteee ettt sttt sttt st et e st s be e be e b e sreesreenteennens 97

CHAPTER -V : EXPERIMENTATION

5.1. EXperimental ProgramiMe ........c.coueieaieieenieaiesiee e e e sae e sae s sreeneeenes 98
5.2. Preparation of simulated WaSteWaLer..............c.ccevveieiiieiicsece e 98
5.3. ChemiCalS USEU........ciuieieiiiesieee ettt e e sne e e sre e 99
5.4. Coagulation-flocculation StUAY ..........ccceeiieiiieiiiiie e 101
5.4.1. EXperimental Programme .........ccoviiereenieiieeseeseeeesree e seesree e seessae e eneesnens 101
5.4.2. EXPerimental SEL-UD .......ccoruiiiriieeiieseesie sttt 102
5.4.2. 1 EffeCt OF PH..ooviiiiice e 103
5.4.2.2. Effect of coagulant doSe..........cccveueiieiiiiiiieese e 103
5.4.2.3. Effect operating time and initial pesticide concentration............c......... ... 103

5.5. Fenton oXidation StUAY .........ccciiieiiiieicsece et 104
5.5.1. Experimental programime ..........cocoveieieneneneniseseeeee e 104
5.5.2. Experimental ProCeAUIE..........civiiiiiiiie et 105
5.5.2.1. EFfeCt OF PH ..oocvieece e 106
5.5.2.2. Effect of HyO5 CONCENLIAtION ..ot 107
5.5.2.3. Effect of ferrous iron doSage .........cccveveeriiieeieece e 107
5.5.2.4. Effect of pesticide CONCENTIAtION .........cccceviriiieiiieese e 107
5.5.2.5. Effect OF tEMPEratUre ......ccoiiiiiieee e 107
5.5.4. KINEIC MOUBIS .....ccviiiiiiiie ettt 107
5.6. Coupled Fenton and coagulation STUAY ...........cceveiiieniieninesceeeee e 108
5.7, TOXICITY SEUAY ..cuviiiieiiieee ettt st sbe e sne e 109
5.7.1. Cell lines and Cell CUITUIE .........cooiiiiiiieec e 109
5.7.2. Cell Proliferation @SSAY ...........cccuririeierieriene st 110
5.7.3. IN-VItro CYLOTOXICILY SSAY ....vveivvierieiiiieiiieiieestieeie e st e s reeste e ae e sreeereesraeenree s 110
5.7.4. Cell VIahIIty @SSAY.......ccveiiiieiierieiieseese e se e te e seeste e e e sneesaeeeenneas 111
5.7.5. HEMOIYSIS @SSAY ....veevveuienieieiiiiesiesii ettt 111
5.7.6. Statistical analysiS.........ccueiiiiiiiiiiiicceece e 112
5.8. Analysis and iNStrUMENTALION ...........coeiiiiiiieieee e 113
5.8 1. PH MELET .t 113
5.8.2. Determination of pesticide concentration............c.cccccvevveveiievecie e 113



Contents

5.8.3. COD @NAIYSIS ...vvevieiiiecie et 113
5.8.4. FTIR @NAIYSIS ....vvevieiieiieeie e esie ettt te e esne e nnee s 115
5.8.5. SEM/EDX analysis Of TIOCS .........cccoriiiiiiiiiiiecee s 115
5.8.6. TGA/DTA analysis Of flOCS .......ccccveiiiiiiiiieece e 115
R A PO TN [ (=T 0 01T L[ I 116

CHAPTER - VI : RESULTS AND DISCUSSIONS

6.1. Coagulation-floCCUIAtION ............ccoiiiiiiiii e, 118
6.1.1. Analysis of results of eXPerimentS ........cccccveiieiiie i 118
6.1.2. Data analysis and experimental deSign .........cccccveverieneeiesieseere e 118
6.1.3. Analysis of variance for CPF reductionl............cccoooiiiiiiiiice e 120
6.1.4. Response surface and contour PIOtS .........ccevveieieeie e 124
6.1.5. Effect of pH on treatment of MP, CPFand CF...........ccccco e 125
6.1.6. Effect of coagulant dose on treatment of MP, CPFand CF..............ccccceenee, 131
6.1.7. Effect of operating time and initial pesticide concentration .................c......... 136
6.1.8. AdSOrption ISOtNEIM ......c.oiiiiiiiicee s 139
6.1.9. Settling characteristic of the flOCS.........cccoveiiiiiii e, 144
6.1.10. FTIR spectroscopic analysis of SIUAQe.........cceiveveiii e 152
6.1.11. Microstructural and EDX analysisS .........c.covriririiiineienenisesesee e 158
6.1.12. Thermal analysis of residue (TGA-DTA) .....ccccoveieeie i 161

6.2 FENTON OXIATION .. .eevveiicieee ettt e e sae e nre e 165
6.2.1. Analysis of results of eXPeriments ..........coovvirieiereie s 165
6.2.2. Data analysis and experimental design...............coiiieeiiiiiiiiiieenen. 165
6.2.3. ANOVA regression analySiS .........couiiiiiiiiiiiie st 167
6.2.4. Response surface and coNtoUr PIOLS ........cccveviiieiieniiie e 170
6.2.5. Test OFf ANFIS MOUEL.......ccoiiiiiiiiee s 172
6.2.6. Effect of initial pH on treatment of MP, CPFand CF............cccooevveiiienienne 176
6.2.7. Effect of hydrogen peroxide dosage on treatment of MP, CPF and CF ......... 179
6.2.8. Hydrogen peroxide CONSUMPLION ........couveieiieriesieseesie e 181
6.2.9. Effect of ferrous iron dosage on treatment of MP, CPFand CF..................... 184
6.2.10. Effect of initial concentration on treatment of MP, CPF and CF.................. 187
6.2.11. Effect of temperature on treatment of MP, CPF and CF..........c.cccccccevvennne. 189
6.2.12. Degradation kinetics of MP, CPFand CF...........ccccoov i, 191

6.3. Coupled Fenton and coagulation PrOCESS ..........cccecveeeeieieeseeieeie s e 195

xi



Contents

6.4. Toxicity analysis of pre- and post-Fenton oxidation.............cccccoeveviiviiieiieennennn, 197
6.4.1. Improved proliferation of U-87 cells following Fenton oxidation.................. 197
6.4.2. Tolerance DC and LYMPROCYLES ........cccoiiiiiiiiiiesie e 199
6.4.3. TOXICILY tO RBC ... oot 199

CHAPTER - VII : CONCLUSIONS AND RECOMMENDATIONS

8 R 0 o] 1115 o] o SRR 202

7.2. Suggestions fOr fULUIE WOTK ..........ccceiiiiiiiee e 206

REFERENGES. ........c oottt e e snae e na e e e nnaeeannnas 207

APPENDIX ..ottt bbbttt et n et e et 228

PUBLICATIONS ...ttt st e e e nee e e na e e s e e 251

Xii



	4 Table of Contents
	Contents



