Analytical Study on certain food tainting
compounds

Thesis

Presented for the fulfillment of the degree of
Ph.D. In Pharmaceutical Sciences

(Analytical Chemistry)
By
Nermine Victor Fares

Department of Pharmaceutical Analytical Chemistry,
Faculty of Pharmacy, Ain Shams University

Under Supervision of

Prof. Dr. Amira Mabrouk El-Kosasy

Professor of Pharmaceutical Analytical Chemistry
and Vice Dean for Education and Student Affairs,
Faculty of Pharmacy, Ain Shams University

Associate Prof. Dr. Lobna Abdel Aziz Hussein

Associate Professor of Pharmaceutical Analytical Chemistry,
Faculty of Pharmacy, Ain Shams University

Associate Prof. Dr. Miriam Farid Ayad

Associate Professor of Pharmaceutical Analytical Chemistry,
Faculty of Pharmacy, Ain Shams University

Pharmaceutical Analytical Chemistry, Faculty of Pharmacy, Ain Shams University

2016



ABDroyal sheey

T“‘IE al 1h
C P, Thgy, 0 Pl pceteq| Selences

{Phar Macentical gy uly ticu) Chemisiry §:

Analytical 5
nalyvtical Sty g Cerimm Fogpg Ethinting L0 P s
Name of the candidate:
Nermine Victor Fares Ishak
Submitred to:

Department of Pharmacentical Analytical Chemisiry,
Taculty of Pharmacy, Aig Shams University, 2016,

Committee in Chy rge:

1= Prof. Dr. Laily El-Sayed Ahd El-Fattah

Professor of Analytical Chienistry . Faculty of Wi

Fharmacy. Caira | miversity and Viee Dean of
Faculty of Phurmacy - Nlise University. fior Sulenie
& [ehnology

2- Dr. Medhat Ahmed Al-Ghobashy
Associate Professor of Analvtical Chemistry
Faculty of Pharmacy, Caire Lniversity

I- Prof Dr. Amira Mabrouk Fl-hosass

Professor ol Pharmaceutical Analviical Uhemisin

and Vice Dean tor Education and Student Afflars ,

Faculty of Pharmacy. A Shams niversaty

4= Dr.Lobma Abdel Aziz Hussein
A csociaie Prolessor of Phanpaceutical Analstical

Chemistey . Faculiy of Phammacy . Ain Shams

Limiversiy

A -

by




Acknowledgement

| would like to express my deepest gratitude and sincere appreciation to
Prof. Dr. Amira Mabrouk EIl-Kosasy , Professor of Pharmaceutical
Analytical Chemistry and Vice Dean for education and student affairs,
Faculty of Pharmacy, Ain Shams University, for her unlimited support,
generous assistance ,and for the extensive effort ,time and energy invested in
supervising my work

| wish to express my grateful appreciation to Dr. Lobna Abdel Aziz
Hussein, Associate Professor of Pharmaceutical Analytical Chemistry,
Faculty of Pharmacy, Ain Shams University, for the faithful support,
beneficial advice and continuous encouragement that gave this work a push
forward.

My grateful appreciation to Dr. Miriam Farid Ayad , Associate Professor
of Pharmaceutical Analytical Chemistry, Faculty of Pharmacy, Ain Shams
University, for her valuable advices , her beneficial suggestions and constant
support she offered me .

| am greatly indebted to Dr. Ayman Helmy Kamel , Associate Professor of
Analytical Chemistry, Faculty of Science, Ain Shams University, for his
kind guidance and sincere help.

| was very grateful to my parents for standing by me in every step, all the
way through , and giving me all the strength and faith that | needed.

Last but not least, | am thankful to all the staff members and my collegues
for their helpful advice and friendly cooperation.

Nermine



Table of Contents

Part I - INtroduCtioN ............cooooiiiiic e 1
LANEFOAUCTION ..o 2
1.1, DEFINITIONS ..o 2
1.2. The origin of fo0d taiNtS..........c.cccoviiiriiieee e, 2
1.2.1. Internal deterioration of food components................cccccceeeeieveccnnen, 3
[.2.1.1. MICroDIal SOUICES.........ocoiviieieieieieiieeeecee e 3
1.2.1.2. Taints due to chemical changes in the food.............c.ccccccoeiririinnen. 4
1.2.1.2.1. Enzymatic flavor changes............cccocoviiiicniicccceeee 4
1.2.1.2.2. Non enzymatic Browning............cccocoovviiiieeisiicecceeee e 5
1.2.1.2.3. Photo-induced taintS ............ccooeoeiiiiiececceceeee e 5
1.2.1.2.4. Lipid OXIAALION ......c.cooveeiecececeeeeeeecee e 6
1.2.2. Direct external contamination.............ccccoeeeeoieiieiiccee e, 6
[.2.2.1. AIrDOIMNE SOUICES ... 6
1.2.2.2. WaaLerbOrne SOUICES .........c.coeueiiiieieieeeiesee e 7
1.2.2.3. Disinfectants, pesticides, and detergents............cccccoeeeeeerevececnnen, 8
1.2.2.4. PaCKaQING SOUICES..........oouiueueeeieieieeeeeeeeeceete et 8
1.3. Chemicals causing taints in food...............ccccceveiiiiiiiiccccee e, 9
Part 11 Litterature REVIEW ..........ccccoooviriiieeceeeeee e 13
L LANAOIE <o 14
11,1 SEPUCTUIE ..o 14
11,2 PTOPEITIES. ..., 14
11.1.3.Methods of analysis of indole as food taint in food samples........... 14
11.1.3.1.Titrimetric Methods...........ccocveiiiiiiiicccce e, 14
11.1.3.2. SpectroscopiCc MEthods............ccovvviiieieieccceee e, 14
11.1.3.2.1.Colorimetric Methods............ccccevviiiviiiiiccieeceee e 14
11.1.3.2.2. U.V.Spectrophotometric methods ............c.cccccovvviiiieicicee, 15
11.1.3.2.3. Infra Red spectroscopic methods............cccccoevvivieiicccccce, 15
11.1.3.2.4.Spectrofluorimetric Methods ..........ccooceeeeecicicicccece 15
I1. 1.3.2.5. Flow injection analysis..........c.c.cccoooiriinniinncnceeee 15
11.1.3.3.Electrochemical methods...............ccoooviviiiiiiicce e, 15
11.1.3.4.Chromatographic methods..............ccccccoviiriiiisiccececece, 15
I1. 1.3.4.1. Thin Layer Chromatography ...........cccccoeceviieviiineiciecccn, 15
1. 1.3.4.2. Gas Chromatographny ...........cccccooveeiiiieiiiiesceeeee e 16
I1. 1.3.4.3. High Performance Liquid Chromatography............ccccccccou...... 19



Table of Contents

[1.2. 2,4-Dichlorophenol ... 24
12,1, STFUCTUIE ..o 24
1. 2.2.PTOPEITIES ...t 24
11.2.3.Methods of analysis of DCP as food taint in food matrices ........... 24
11.2.3.1. SpectroscopiCc Methods............cccoovviceeceeeceeeeeee e, 24
11.2.3.1.1.Colorimetric Methods............cccoovieeiie e 24
11.2.3.1.2. U.V.Spectrophotometric methods ............c.cccccooevevviicieice. 25
I1. 2.3.1.3.Spectrofluorimetric Methods...........c.cccceeeeicceceeicccece 25
11.2.3.1.4. Nuclear magnetic resonance spectrometry ...........cccccccecevevennee. 25
I1. 2.3.1.5. Flow injection analysis..............cccccoovieieeiieeceececcee e 25
11.2.3.2. Electrochemical methods..............cccooviiiiniiiccee e, 26
11.2.3.3.Capillary electrophoretic methods .............cccocovvviiiicccccice, 26
11.2.3.4. Chromatographic methods..............cccoeviiiiiiiccccec e, 26
11.2.3.4.1. Thin Layer Chromatography ...........ccccocoeieeiiciiiccecee, 26
[1. 2.3.4.2. Gas Chromatographiy ..........cccccoeviviriiieeeeeeeeeeeeeee e 26
I1. 2.3.4.3. High Performance Liquid Chromatography..........ccccccccceevnn.. 36

PART (111):Extraction and HPLC determination of food tainting
compounds in different food matrices and kinetic study of formation
/ uptake of these COMPOUNTS ...........coooviiiiieeeeeeeeecee e 43

Section (A): HPLC method for determination of Indole and 2,4

Dichlorophenol as food tainting compounds............cccccceeveveveveccceceennnn 44
AL INTrOQUCTION ..o 45
HELA.2. EXPerimental ..o, 46
TTLA2. L. APPAFALUS ... 46
HEA.2.2. MAErTalS ... 46
HELA.2.2.1. PUIe SAMPIES........oooieeeeceeeeeeeeeeeeeee e 46
[T1LA.2.2.2. REAGENITS ... 46
[11.LA.2.2.3. Standard preparations..............cccooveveeeeeeerieeeeeeeee e 46
I11.LA.2.2.3.1. Stock standard SOIULIONS ............cccoeeeeiiiicicicccce 46
111.A.2.2.3.2. Working standard SOIUtiONS ............cccccoviirninricr, 47
L A.2.3. PrOCEAUIES ... 47
111.A.2.3.1. Chromatographic conditions............cccccocoeirniinnniirn, 47
11.LA.2.3.2. Method validation ...............cccccovvivieiiiiciecceece e 47
HEA2.3.2.L.LINCAIMTY ... 48
TTTA.2.3.2.2. ACCUTACY ...t 48
HTEA.2.3.2.3. PTECISION ... 48



Table of Contents

111LA.2.3.2.3.1. Repeatability............ccoooooiiicceceeeee e 48
111LA.2.3.2.3.2. Intermediate PreciSION ...........cccovvueuevevevereieeeeeecceeee e 48
[1LA.2.3.2.4. SPECITICILY ... 49
[11LA.2.3.2.5. RODUSENESS........coooiiiiccice e 49
I11.A.3.Results and diSCUSSION............cccoeririirniiieeces e 49
I11.A.3.1. Optimization of chromatographic conditions...................c.......... 49
11.LA.3.2. Method validation.............c.cccooviiiiiiiceee e, 50
HELA.3.2.1. LINGAIEY ..o 50
[T1A.3.2.2. ACCUIACY ...ttt 50
1 A.3.2.3. PIECISION ...t 50
HLLA.3.2.4. SPECITICITY ..o 51
I11.LA.3.2.5. System suitability teSting............cccooovviieeeiccceeecece e 51
T1.A.3.2.6. RODUSINESS ..ot 51
H1LA.3.2.7. LOD and LOQ .......ccooiiiieiiiieeieece e 51
111.A.3.3. Statistical analysis of the reSultS .............cccccoeveoiceeecceeeee, 51

Section (B): Optimization and comparison of sample preparation
methods for analysis of Indole and 2,4- Dichlorophenol as food

taiNting COMPOUNGS..........c.oviviiiieiieeeccce e 62
[11.B.1. Overview on sample preparation..............c.cccccoeevevccueueeerevereneneecnne, 63
HHEB. 1.2, INErOTUCTION ... 63
111.B.1.2. Extraction techniques to be studied..............cccooovieeiiiiiiennen, 65
111.B.1.2.1.Solid-liquid (maceration) extraction .............cccccccceceveveveverecnnee, 65
[11.B.1.2.2. Ultrasound-assisted exXtraCtion ...........ccooooeoeeeoeeoeeeeeeeeeeeeeeen 66
[11.B.1.2.3.Solid phase extraction ...............cccccooveiooioieeeeceeeeeeeeces 67
[11.B.1.2.4. Matrix solid phase diSpersion ............cccccocoeveveveeeeccccceceeeeans 68
H1.B.2. EXPErIMENTAl .......c.oooieeeeeeeeeee e, 70
[H1.B.2.1. APPAIALUS.......c.ooiiviiiiieicccee et 70
HHEB.2.2. IMALEIIAIS ... 70
[11.B.2.2.1. PUre SAMPIES........ooiiiiiiieieceeee e, 70
[11.B.2.2.2. REAGENTS ... 70
111.B.2.2.3. Standard preparations ...........ccocoerrrnicsnieeeeeeessece e, 70
111.B.2.2.3.1. Stock standard SOIULIONS ..........cooveoeeee e, 70
111.B.2.2.3.2. working standard SOIUtiONS.............cccoorviirniincc 71
111.B.2.2.4. Food and fish farms water samples ..., 71
H1.B.2.3. PrOCEAUIES ...ttt ettt 71
111.B.2.3.1.Sample handling..........ccoooiiiic e, 71



Table of Contents

111.B.2.3.2.Sample extraction methods............ccccccoeveveeieiccccceee, 71
111.B.2.3.2.1.S0lid— liquid eXtraction ..............cccccocoeeeeereieiciceccceee e 72
111.B.2.3.2.2. Ultrasonic-assisted extraction .............c.ccocovvvvrivieiseennnn, 72
111.B.2.3.2.3. Matrix solid phase diSpersion ............cccocevvivireeeeseeenn, 73
111.B.2.3.2.4. Solid phase extraction ..............cccooeeeireeiiieeeeeeee 73
11.B.2.3.3. HPLC @nalysSiS.........ccoiiiiiiiiiccece e, 74
111.B.3. Results and diSCUSSION...........c.coeriiirriiieecsee e 74
111.B.3.1.0ptimization of extraction procedures of different matrices.....74
HEB.3. 1L SLE ... 74
HEB.3.1.2. UAE ..o 76
HHEB.3.1.3. MSPD ... 77
HHEB.3. 14, SPE ..o 78
111.B.3.2. Comparison of sample preparation methods...................c.c.......... 79
111.B.3.2.1. Comparison of SLE , UAE and MSPD for catfish and

POLALO SAMPIES ..o, 79
111.B.3.2.2. Comparison of SPE and DI for fish farms water samples....80
HHEB.4. CONCIUSTION ..o 81

Section (C): Application of MSPD and SPE extraction methods for
the HPL.C determination of Indole , 2,4 Dichlorophenol and for the
Kinetic study of formation / uptake of these compounds in different

MAETICES ... 91
HELC.L EXPEriMENtal ..........oooeeeeeceeeeeeeee e, 92
THLC.L. L. APPAIALUS. ...t 92
HE.C.1.2. MAtErIialS ... 92
HL.C.1.2.1. PUre SAMPIES ..o, 92
H1.C.1.2.2. REAGENTS ...t 92
111.C.1.2.3. Standard preparations ..............ccccocoeeeeeiriiineiiceee e, 92
[11.C.1.2.3.1. Stock standard SOIUtiONS ...........ccooeeeeiiiiicciccccec 92
111.C.1.2.3.2. working standard SOIUtiONS...............ccccceeeiiviiiiiiccece, 92
111.C.1.2.4. Food and fish farms water samples.............ccccccoveeeeerererecnnee, 93
HHL.C.L.3. PTrOCEAUIES ... 93
1.C.1.3.1.Sample handling..........cccoooviiriiiieiiceecee e, 93
111.C.1.3.2.Sample preparation Methods ............cccooverviiieciciicecceee, 93
HE.C.1L.3.2.1. MSPD ..o 93
HHE.C.1.3.2.2. SPE ... 94
11.C.1.3.3. HPLC @NalySIS.......ccccoviuiiiiiiieiiciesiceee e 94



Table of Contents

111.C.1.3.4.Application and validation of the MSPD-HPLC method in
catfish and potato SAMPIES ...........ccveveveiieieeeee e, 94
HLC. L34 L.LINGAMEY ..o 94
[11.C.1.3.4.2. ACCUIACY ..ottt 95
HH1.C.1.3.4.3. PrECISION. ..ot 95
[11.C.1.3.4.3.1. Repeatability ...........cccoooeeiiiiiiiiecceee e 95
111.C.1.3.4.3.2. Intermediate PreCiSioN...........cccoooveeeeeenieiieeeceeeeeee 95
111.C.1.3.5.Application of the SPE-HPLC method in fish farms water
SAMPIES ..., 96
[11.C.1.3.6. KINELIC STUAIES ... 96
111.C.1.3.6.1. Kinetics of IND production in catfish samples .................... 96
111.C.1.3.6.2. Kinetics of DCP uptake by tilapia fish exposed to
contaminated fish farms water samples...........cccccccoovvviiicciccceec, 96
[11.C.2. Results and diSCUSSION..........ccccviiiieieieieiecieeceeiee e, 96

111.C.2.1 Application and validation of the MSPD-HPLC method for
determination of IND and DCP in catfish and IND in potato samples..97

HELC.2. 1.1 LINGAIILY ..o 97
[T1.C.2.1.2. ACCUIACY ..ottt 97
HH1.C.2.1.3. PTECISION. ...t 98
1.C.2.1.4. LOD and LOQ .......oooiiieiiieeeecce e 98
111.C.2.2.Statistical comparison of the proposed MSPD-HPLC with the
PUblished MEtNOUS...........c.cucveecee e 98
111.C.2.3. Application of the SPE-HPLC method for determination of
DCP in fish farms water Samples ..o 99
111.C.2.4.Statistical comparison of the proposed SPE-HPLC with the
published MEthOUAS..............cooiieeeeeeeee e, 99
HT.C.2.5.KINELIC STUAIES ... 99
111.C.2.5.1. Assessment of decomposition kinetics in catfish and IND
PPOQUCTION ..., 99
111.C.2.5.2.Kinetic study of DCP uptake by tilapia fish exposed to
contaminated fish farms water samples............cccccocoviiiiicicccccee, 101
HHEL.C.3.CONCIUSION ... 102

PART (1V): Application of validated GC-MS methods for the
simultaneous determination of Indole and 2,4- Dichlorophenol in

bulk powder , in catfish and potato samples ............cccocovirninnne. 112
IV.1.INTrOAUCTION ..o 113
V. 2.EXPEriMENtal .......c.cooiviiieieicc e 114
[V.2.1. APPATALUS........oeiiieiieicicieeee et 114



Table of Contents

IV.2.2. MAEEITAIS ... 114
IV.2.2.1. PUIe SAMPIE.......coooieecceee e, 114
IV.2.2.2. REAGENTS ... s 114
1V.2.2.3. Standard preparations ...............ccocoveueeveeieieieeeeecceeee e, 115
1V.2.2.4. Catfish and potato Samples...........cccoeveeriiiiiccceceee, 115
[V.2.3.PTOCEAUIES ..ot 115
1V.2.3.1. Chromatographic CONitiONS ...........cccceerriviriiiccecee e, 115
1V.2.3.2. Method validation...............ccccoooiiiiieecccce e, 116
IV.2.3.2.1.LINCAILY ...t 116
[V.2.3.2.2. ACCUIACY ..o 117
[V.2.3.2.3. PIECISION .....oviiiiieeect e 117
1V.2.3.2.3.1. Repeatability ... 117
1V.2.3.2.3.2. Intermediate PreciSion .............cooeeeeeeeesiceceeee e 118
IV.2.3.2.4. SPECITICITY .......cvovviieeecceee e 118
1V.2.3.3. Sample handling and preparation Methods .................c.c............ 118
IV.2.3.4. Application and validation of the chromatographic method

in catfish and potato SAMPIES..........c.cceveveiiveieiecccee e 118
IV.2.3.4.1. LINCAILY ..o 119
IV.2.3.4.2. ACCUTACY ...ttt 119
[V.2.3.4.3. PIECISION .....oviiiiiiieecteee e 120
1V.2.3.4.3.1. Repeatability ... 120
1V.2.3.4.3.2. Intermediate PreciSion .............coceeeveeeeeeieceeeee e 120
IV.3.Results and diSCUSSION...........c.ccoviiiiriiiiecccee s 120
IV.3.1. Methods validation of DCP and IND in their bulk powder ........ 121
IV.3. 1.1, LINGANILY ..o 121
[V.3.1.2. ACCUTACY ...t 122
[V.3.1.3. PrECISION ...ttt 122
1V.3.1.4. LOD and LOQ .....cccoooviuiiiieiecee e 122
IV.3.1.5. SPECITICILY ..o 123
1V.3.1.6. System suitability teSting .............cooovovoieeeeeeeeeecceee e 123
IV.3.2. Validation of the GC-MS Methods in catfish and potato

SAMPIES ..., 125
IV.3.2.1. LINGANTLY ... 125
[V.3.2.2. ACCUTACY ..ot 126
[V.3.2.3. PrECISION ...ttt 126
1V.3.2.4. LOD and LOQ ........coovieiiceeeceeeeceeeee e, 126
1V.3.3.Statistical COMPAriSON ..........cccoviiiiiiieee s 127
V. 4. CONCIUSTON ... 127

Vi



Table of Contents

Part V: Host- tailored biomimetic potentiometric sensors for
selective assessment of 2,4-Dichlorophenol as a food taint................. 154

V.1.Introduction: molecular imprinted polymers as synthetic

FECEPTONS ...ttt ettt e et ereneenis 155
V.2, EXPerimental............cccooooiiiieeeeeeeeeee e 157
V2. L APPATALUS ...t 157
V.2.2. MAEEIIAIS ..ot 157
V.2.2.1. PUrE SAMPIE ......oiiie e 157
V.2.2.2. REAGENTS ... 158
V.2.2.3. Standard SOIULIONS.............c.coouiiicieeeeee e, 158
V.2.2.4. Catfish and fish farms water samples ..............cccocceeeverireeennee, 159
V. 2.3, PrOCEAUIES.........oeeeeeeeeceeeeeeeeee et 159
V.2.3.1. Preparation of molecularly imprinted polymers.......................... 159
V.2.3.2. Sensors construction and EMF measurements...............ccccevvenn. 159
V.2.3.3.Fourier-transform infra-red SPeCtroSCoOPY ........c.cccocovevevecerrererenenans 160
V.2.3.4. Scanning electron MICrOSCOPE ........ccovveeeecueuereierereeeeeeeeceeieie s 160
V.2.3.5. BINdiNg €XPEIIMENTS..........c.covmieerereieieieieeeeeeceeee s 160
V.2.3.6. Analytical applications..............cccceeveveieieiecccccee e 161
V.2.3.6.1. Determination of DCP infish ..., 161
V.2.3.6.2. Determination of DCP in fish farms water samples................ 161
V.2.3.7. Study of experimental conditions ...............cccccooveeeeesiiiiiiienene, 161
V.2.3.7.1. Identification of slope, response time and operative life

Of the StUTIEd SENSOIS...........coviiceeieeeee e 161
V.2.3.7.2.EffeCt Of PH ....ocooii e, 162
V.2.3.7.3.Effect of foreign compounds............cccocovvvvviiieeeesiceieeeee, 162
V.3. Results and diSCUSSION ..........c.cccovviuiieieieiciiieiecccee s 162
V.3.1.Characterization 0f MIPS ..........cccccooeiiiiiniiieccces s 163
V.3.1.1. Fourier-transform infra-red analysis ............ccccoooeeeeeieveveeecnne, 163
V.3.1.2.SEM @NAIYSIS ..o, 164
V.3.1.3.Binding isotherms and scatchard analyses..............c.ccccccovevenne.... 164
V.3.2.Sensor performance charaCteristiCs...........ooovoveeveeeevecececcceeie 166
V.3.3.Response time and lifetime...............c.ocoovoeeeeecciceeeeeeeeee 167
V.3 A EffeCt OF PH ..o 168
V.3.5. SeleCtiVity STUTIES............oooiice s 168
V.3.6. Figures of merits and analytical applications..............c.cccccoeoevinnn 170
VA CONCIUSION........oiiiiiiiieie s 171
General diSCUSSION.........c.covoiieeeeeeeeeeee e, 186
RETEIEINCES...... ..ot 196



List of Figures

Figure 1. HPLC chromatogram of mixture solution containing pure
IND and DCP

Figure 2. Calibration curve correlating the peak area to the
corresponding concentration of pure IND at 280 nm using the
proposed HPLC method.

Figure 3. Calibration curve correlating the peak area to the
corresponding concentration of pure DCP at 280 nm using the
proposed HPLC method.

Figure 4. Simplified diagram of a chromatographic method of
analysis including sample preparation step .

Figure 5. Stages of operation of solid phase extraction.
Figure 6. Matrix solid-phase dispersion procedure

Figure 7. % Recovery of IND and DCP from catfish and potato
samples using SLE.

Figure 8. % Recovery of IND and DCP from catfish and potato
samples using UAE .

Figure 9. % Recovery of IND and DCP from catfish and potato
samples using MSPD .

Figure 10 . % Recovery of DCP from water using SPE.

Figure 11. Comparison of recoveries and standard deviations of
IND in catfish samples obtained from optimized SLE , UAE and
MSPD techniques.

Figure 12. Comparison of recoveries and standard deviations of DCP
in catfish samples obtained from optimized SLE , UAE and MSPD
techniques.

Figure 13 . Comparison of recoveries and standard deviations of
IND in potato samples obtained from optimized SLE , UAE and
MSPD techniques.

Figure 14. Comparison of recoveries and standard deviations of DCP
in fish farms water samples obtained from DI and optimized SPE
techniques.

Figure 15. HPLC Chromatograms of the extracts of the spiked
samples.

viii

53

54

54

82
82
83

84

85

86
87

88

88

89

89

103



List of Figures

Figure 16. Calibration curve correlating the peak area to the
corresponding spiked concentration of IND in catfish samples using
the proposed MSPD-HPLC method .

Figure 17. Calibration curve correlating the peak area to the
corresponding spiked concentration of DCP in catfish samples using
the proposed MSPD-HPLC method .

Figure 18. Calibration curve correlating the peak area to the
corresponding spiked concentration of IND in potato samples using
the proposed MSPD-HPLC method .

Figure 19. Curves representing the development of IND in spoiled
catfish samples.

Figure 20. Decline of DCP water concentration after tilapia uptake
over time using the proposed HPLC method .

Figure 21. Linear plot of logarithm of DCP water concentration with
time using the proposed HPLC method .

Figure 22. GC chromatogram of mixture solution containing pure
DCP and IND using GC-MS method 1

Figure 23. GC chromatogram of mixture solution containing pure
DCP and IND using GC-MS method 2

Figure 24. Mass spectrum of DCP
Figure 25. Mass spectrum of IND

Figure 26. Calibration curve correlating the peak area to the
corresponding concentration of pure DCP using the proposed GC-
MS method 1 .

Figure 27. Calibration curve correlating the peak area to the
corresponding concentration of pure IND using the proposed GC-
MS method 1 .

Figure 28. Calibration curve correlating the peak area to the
corresponding concentration of pure DCP using the proposed GC-
MS method 2 .

Figure 29. Calibration curve correlating the peak area to the
corresponding concentration of pure IND  using the proposed GC-
MS method 2 .

104

104

104

105

105

106

128

128
129
129

130

130

131

131



List of Figures

Figure 30. GC chromatogram of catfish sample spiked with DCP
and IND using GC-MS method 1

Figure 31. GC chromatogram of potato sample spiked with IND
using GC-MS method 1

Figure 32. GC chromatogram of catfish sample spiked with DCP
and IND using GC-MS method 2

Figure 33. GC chromatogram of potato sample spiked with IND
using GC-MS method 2

Figure 34. Calibration curve correlating the peak area to the
corresponding spiked concentration of DCP in catfish samples using
the proposed GC-MS method 1 .

Figure 35. Calibration curve correlating the peak area to the
corresponding spiked concentration of IND in catfish samples using
the proposed GC-MS method 1 .

Figure 36. Calibration curve correlating the peak area to the
corresponding spiked concentration of IND in potato samples using
the proposed GC-MS method 1 .

Figure 37. Calibration curve correlating the peak area to the
corresponding spiked concentration of DCP in catfish samples using
the proposed GC-MS method 2 .

Figure 38. Calibration curve correlating the peak area to the
corresponding spiked concentration of IND in catfish samples using
the proposed GC-MS method 2 .

Figure 39. Calibration curve correlating the peak area to the
corresponding spiked concentration of IND in potato samples using
the proposed GC-MS method 2 .

Figure 40. Schematic representation of the molecular imprinting
process.

Figure 41. FTIR spectra of DCP (a), MIP/AM/DVB before template
removal (b)and after template removal (c) , NIP/ AM/DVB(d)

Figure 42. FTIR spectra of MIP/MAA/DVB before template
removal (a) and after template removal (b) , NIP/MAA/DVB(c).

132

132

133

133

134

134

135

135

136

136

172

173

174



List of Figures

Figure 43. FTIR spectra of MIP/EMA/EGDMA before template
removal (a) and after template removal (b) and NIP/EMA/EGDMA

().
Figure 44. Scanning electron micrographs of the polymers

Figure 45. Binding isotherm (a) and scatchard plot (b) for MIPs and
NIPs(inset) .

Figure 46. Potentiometric response (EMF) of DCP membrane
sensors based on MIP/ AM/DVB(a) , MIP/MAA/DVB(b) |,
MIP/EMA/EGDMA(c) and aliquat (d) vs. log [DCP]

Figure 47. Response time of DCP sensors based on MIP/AM/DVB
(@), MIPIMAA/DVB(b) , MIP/EMA/EGDMA(c) and aliquat (d)

Figure 48. Effect of pH on the analytical signal of DCP sensors
based on MIP/AM/DVB , MIP/MAA/DVB , MIPIEMA/EGDMA
with and without aliquat and aliquat .

Figure 49. Potentiometric selectivity coefficients log K™°" of DCP
membrane based sensors

Xi

175
176

177

178

179

180

181



List of Tables

Table 1 : Examples of taints and their possible origins
Table 2 : GC analysis of IND

Table 3 : HPLC analysis of IND

Table 4: GC analysis of DCP

Table 5: HPLC analysis of DCP

Table 6: Accuracy results upon determination of pure IND using
the proposed HPLC method

Table 7: Accuracy results upon determination of pure DCP using
the proposed HPLC method

Table 8 : Determination of laboratory prepared mixtures of IND
and DCP Dby the proposed HPLC method

Table 9: System suitability parameters of the proposed HPLC
method for the determination of pure IND and DCP .

Table 10: Results of testing of the robustness of the proposed HPLC
method.

Table 11: Results of assay validation of the proposed HPLC method
for the determination of pure IND and DCP .

Table 12 : Statistical comparison between the proposed HPLC
method and the published HPLC methods for the determination of
pure IND and DCP .

Table 13: Additional factors consideration for the extraction of
catfish and potato samples by optimized SLE , UAE and MSPD
methods

Table 14: Results of assay validation of the HPLC method for the
determination of DCP and IND in fish samples and IND in potato
samples .

Table 15 : Accuracy results for IND in fish using the HPLC
method

Table 16 : Accuracy results for DCP in fish using the HPLC
method

Xii

10
16
19
27
37

55

56

S7

58

59

60

61

90

107

108

108



