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Index

Absorption, solid-phase microextraction, 90
Accelerated solvent extraction, 163
solid environmental samples, 261
Acceptor phase pH, liquid-phase microextraction, 139
Acceptor phase volume, liquid-phase microextraction, 140
Acceptor solution, liquid-phase microextraction, 126
Acid digestion of biota samples, environmental analysis, 262
Acid herbicide analysis, pressurized fluid extraction, 174
Acidic drug analysis, liquid-phase microextraction, 142
Acrydite, biosensors, 395
Acrylate, sol-gel, 427
Active ingredients, pharmaceuticals, 289
Active samplers vs. passive samplers, 343
Active sampling, air analysis, 254
Acylation, derivatization, steroid analysis by GC, 231
Adsorption, solid-phase microextraction, 90
Affinity chromatography, biosensor sample preparation, 395
Affinity dialysis prior to MS, microdialysis, 118
Affinity ligands, biosensors, 396
Affinity-based solid-phase extraction, 445
Agitation
liquid-phase microextraction, 131, 137
solid-phase microextraction, 92
Air analysis, 251
active sampling, 254
cryogenic collection, 254
derivatization, 255
direct, 254
dynamic headspace254
environmental samples, 251
headspace sampling, 254
membrane introduction mass spectrometry, 153
passive sampling, 254
pre-concentration, 254
purge-and-trap, 254
sorbent sampling, 254
static headspace, 254
Air humidity, calibration, membrane introduction mass
spectrometry, 154
Air pressure, calibration, membrane introduction mass
spectrometry, 154

Air samples, quantification, membrane introduction mass
spectrometry, 154
Air temperature, calibration, membrane introduction mass
spectrometry, 154
Alcohols, derivatization, 230
Aldehyde analysis
derivatization, 235
derivatization, hydrazine reagents, 236
in food, 278
pentafluorobenzyloximes, derivatization, GC, 235
Algal toxin analysis, passive sampling, 354
n-Alkane analysis, superheated water extraction, 185
Alkylation, derivatization, phosphonic acid analysis by GC,
230
Alkylbenzene sulfonate analysis, superheated water extraction,
185
Alumina-based polydimethylsiloxane, sol-gel, 422
Amine analysis
derivatization, 232
derivatization, fluorenylmethyl chloroformate (FMOC), 233
derivatization, succinimides, 234
fluorescent derivatives, 234
Amino-functionalized polydimethylsiloxane, sol-gel, 424
Aminopropylsilica/polydimethylsiloxane, sol-gel, 423
3-Aminopropyltriethoxysilane/polydimethylsiloxane, sol-gel,
424
Amphiphilic monomers, molecularly imprinted polymers, 450
Analyte adsorption mode, solid-phase extraction, 60
Analyte concentration, solid-phase extraction, 54
Analyte elution, solid-phase extraction, 62
Analyte flux, microdialysis, 109
Analyte recoveries, aqueous environmental samples, 255
Analytical derivatization, 225
Analytical process
integration, 20
miniaturization, 20
steps in, 3
Anilinemethyltriethoxysilane/polydimethylsiloxane, sol-gel, 423
Aniline analysis, superheated water extraction, 184
Aquatic environments, residence times of organic compounds,
passive sampling, 352
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Aqueous environmental samples
analyte recoveries, 255
direct immersion solid-phase microextraction, 259
filtration, 255
liquid-liquid extraction and microextraction, 255
solid-phase extraction, 256
solid-phase microextraction, 259
Aqueous sample analysis, environmental samples, 255
Aroma perception, flavor analysis, 270
Aroma values, flavor analysis, 268
Automated-microsystems, DNA purification, biosensors, 403
Automation
derivatization and analysis, fluorenylmethyl chloroformate
(FMOC),233
equilibrium partitioning, molecularly imprinted polymers, 455
liquid-liquid extraction, clinical samples, 296
liquid-phase microextraction, 131, 141
pressurized fluid extraction vs. other methods, 177
solid-phase extraction, 77
Automation, solid-phase microextraction by GC, 87
derivatization, 88
equilibrium extraction, 88
internal standard loading, 88
pre-equilibrium extraction, 89
Automation, solid-phase microextraction by LC
high throughput, 97
in-tube, 96
off-line desorption, 96
Basal experiment, microdialysis, 106
Basic drug analysis, liquid-phase microextraction, 136, 142
Batch extraction techniques, 12
Batch vs. continuous flow design, calibration of passive
sampling, 346
Benthic sediments, 343
Beverages flavor analysis, 278
Bias, statistics, 313
Bind-elute mode, solid-phase extraction, 60
Binding affinity determination, solid-phase microextraction, 376
Binding site affinity, molecularly imprinted polymers, 446, 450,
464
Binding of flavor compounds, reversible vs. irreversible, 269
Bioanalysis, molecularly imprinted polymers, 458
Bioavailability, soil samples, 330
Biocide analysis, passive sampling, 353
Biocompatible solid-phase microextraction, 86
Biocompatible sorbents, clinical samples, 298
Biofouling, 346
Biological fluid analysis, protein precipitation vs. solid-phase
extraction, 72
Biological matrix, clinical sample analysis, 286
Biological sample analysis, membrane introduction mass
spectrometry, 157-158
Biological specimens, sampling and storage, 287
Biomimetic sampling, passive sampling, 349, 353
Biorector monitoring, microdialysis, 116
Biosensors, 385. See also Biosensor samples; Biosensors,
microchips; Biosensors, sample preparation
Acrydite, 395
affinity ligands, 396
automated-microsystems, DNA purification, 403

carbon nanotubes, 388
complementary metal-oxide semiconductor (CMOS), 406
DNA dendrimers, 388
immunoaffinity ligands, 396
immunomagnetic beads, 406
labeled oligonucleotides, 388
magnetic beads, 388, 405
magnetic particle technology, 397
nanoparticles, 388
oligonucleotide probes, 395-396, 398
peptide nucleic acids, 395
porous monolith, 405
signal amplification, 387
silica-based microstructures, 405
Biosensor samples
biological targets, direct extraction vs. indirect extraction,
392
cell lysis, 394, 402
centrifugation, 393
chemical lysis, 394
DNA denaturation and fragmentation, 399
extraction, 389
filtration, 393, 401
homogenization, 391
immunomagnetic separation, 394
mechanical lysis, 394
nanoporous membrane, 401
pretreatment, 389
purification, 389
ultrasonication, 399
volume reduction, 390
Biosensors, microchips
microfluidic device, glass-based, 404
polycarbonate-based, 405
polydimethylsiloxane-based,400
Biosensors, sample preparation
affinity chromatography, 395
ion-exchange chromatography, 395
size exclusion chromatography, 395
solid-phase extraction, 397, 404
Biota samples, 261
acid digestion, 262
centrifugation, 262
freeze drying, 262
homogenization, 261
hydromatrix, 262
lipid content, 262
oven drying, 262
passive sampling, 343
sample preparation, 261
Blood analysis, 287
Blood brain barrier, microdialysis, 112
Blood gas analysis, membrane introduction mass spectrometry,
157
Boundary layer, 83
model, extraction theory, 12
Brain sampling, microdialysis applications, 112
Breath analysis, clinical samples, 299
Brominated flame retardant analysis
passive sampling, 354
superheated water extraction, 185

Index
Calibration, 14-16, 19
curve, headspace GC, spiked standards, 30
diffusion-based, 14,331,338
direct extraction, solid-phase microextraction by GC, 89
gas samples, membrane introduction mass spectrometry, 157
headspace extraction, solid-phase microextraction by GC, 89
kinetic, solid-phase microextraction, 333
kinetic, solid-phase microextraction, standards in the extraction
phase, 15
linearity with solid sorbents, solid-phase microextraction, 368
liquid injection, solid-phase microextraction, 337
microwave-assisted extraction, 206
passive sampling, 345
pre-equilibrium extraction, solid-phase microextraction, 89,
326, 334, 338
Calixarene, sol-gel, 425
Capillary electrochromatography, sol-gel sample
preconcentration, 434, 437
Capillary microextraction, sol-gel, 420, 429
cavity ligands, 424, 431
electrically charged sol-gel, 432
germania-based sol-gel, 435
mercaptopropyltrimethoxysilane modified silica. 434
titania-based sol-gel, 429, 434
zirconia-based sol-gel, 429, 434
Carbamate pesticide analysis, liquid-liquid extraction, 42
Carbohydrates, binding of flavor compounds, flavor analysis, 270
Carbon nanotubes, biosensors. 388
Carbonyl analysis, derivatization, 235
hydrazine reagents, 236
quatemized ammonium reagents, pre-charged derivatives, 236
Carboxylic acid analysis, derivatization, 226
diazo, fluorescence detection, 229
Cation exchange, solid-phase extraction sorbents, 65
Cavity ligands, sol-gel, capillary microextraction, 424, 431
Cavity, optimization, microwave-assisted extraction, 207
Cell lysis, biosensor samples, 394, 402
Centrifugation
biosensor samples, 393
biota samples, environmental analysis, 262
Certified reference materials, pressurized fluid extraction, 170
Characterization, sol-gel materials, 419
Chelating agents, supercritical fluid extraction, 194
Chemcatcher. passive sampling, 346
Chemical ionization, membrane introduction mass spectrometry,
154
Chemical lysis, biosensor samples, 394
Chemistry, sol-gel, 419
Chemometrics, flavor analysis, 280
Chiral character, flavor analysis, 268
Chiral selectors, supercritical fluid extraction, 195
Chloroacetanilide herbicide analysis, liquid-liquid extraction, 43
Chloroformates, derivatization, organic acid analysis, 229
Chlorophenol analysis, superheated water extraction, 185
Class-specific solid-phase extraction, 71
Cleanup of extract, pressurized fluid extraction, 173
Cleanup, environmental samples, 262
Clinical analysis, restricted access materials, 298, 300
Clinical samples
analysis, 285
automation, 296, 297
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biocompatible sorbents, 298
biological matrix, 286
breath analysis, 299
column switching sample preparation, 295, 297
deproteinization procedures, limitations, 295
drugs of abuse, 289
immunoaffinity sorbents, 286, 298
liquid-liquid extraction, 286, 296
liquid-phase microextraction, 296
microextraction in a packed syringe, 298, 301
microextraction techniques, 298
molecularly imprinted sorbents, 286, 298, 300
preparation, 289
protein removal, 289
selective sorbents, 298
solid-phase dynamic extraction, 298, 301
solid-phase extraction, 297
solid-phase microextraction, 298, 299
solid-phase microextraction, in-tube, 300
sorbent selection, 297
specific sorbents, 298
stir-bar sorptive extraction. 298, 301
supercritical fluid extraction, 286
Closed-vessel, microwave-assisted extraction, 207
Coextraction, supercritical fluid extraction, 192
Cold fiber solid-phase microextraction, 83
Column switching
online, 71
sample preparation for clinical samples, 295, 297
Complementary metal-oxide semiconductor (CMOS), biosensors,
406
Composite samples, statistics, 320
Concentric cannula, microdialysis, 105
Contamination control, environmental samples, 262, 264
Continuous flow vs. batch design, calibration of passive
sampling, 346
Continuous sampling, 325
Copper powder, pressurized fluid extraction, 170
Correction factors, validity of, environmental samples, 251
Coupled extraction systems, superheated water extraction,
183
Critical point, supercritical fluid extraction, 191-192
Cross-flow model, mass uptake to sorbent, 331
Cross-linking monomer, ethylenglycoldimethacrylate,
molecularly imprinted polymers, 446
Cross-reactivity, molecularly imprinted polymer, 447
Crown ether, sol-gel, 424
Crown ethers. solid-phase extraction sorbents, 71
Cryogenic collection, air analysis, 254
Cuprophan, microdialysis membrane, 104
P-Cyclodextrin, sol-gel, 426, 437, 439
Dairy product volatiles analysis, 278
Dansylation. see Derivatization, dansylation
Data Quality Objectives, environmental analysis, 249, 263
DDT, DOE analysis, pressurized fluid extraction, 171
Dehydration reactions, derivatization, fatty acid analysis,
fluorescence detection, 229
Dendrimer. sol-gel, 433
Deproteinization procedures, limitations for clinical samples,
295
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Derivatization, 225. See also Derivatization, dansylation
2,4-dinitrophenylhydrazine, volatile acid analysis, UV
detection, 229
acylation, steroid analysis, GC, 231
air analysis, 255
alcohols, 230
aldehyde analysis. 235
alkylation, phosphonic acid analysis, GC, 230
amines, 232
analysis, microwave-assisted extraction, 210
automation, solid-phase microextraction, GC, 88
carbonyl analysis, 235
carboxylic acid analysis, 226
chloroformates, organic acid analysis, 229
dehydration reactions, fatty acid analysis, fluorescence
detection, 229
diazo, carboxylic acid analysis, fluorescence detection, 229
drug analysis, solid-phase microextraction, 373
extraction enhancement, superheated water extraction, 183
fatty acid methyl esters, 226
fatty acid analysis, 226-227
fluorenylmethyl chloroformate (FMOC), amine analysis, 233
fluorescent derivatives, amine analysis, 234
hydrazine reagents, aldehyde, carbonyl, and ketone analysis,
236
injector port, 227
matrix effects, 227
metal chelators, thiol stabilization, 236
methylation, thermally assisted hydrolysis, 227
microwave irradiation, increased reaction rate, 230
oligosaccharide analysis, 234
o-phthalaldehyde-thioIlFMOC combination, primary and
secondary amine analysis, 233
organic acid analysis, 226
ortho dialdehyde, primary amine analysis, 233
pentafluorobenzyloximes, aldehyde analysis, GC, 235
pentaflurobenzyl bromide, organic phosphate analysis, GC,
230
phase transfer catalysis, GC, 231
phenols, 230
polyunsaturated fatty acid analysis, 226
quaternized ammonium reagents, carbonyl analysis, precharged derivatives, 236
removal of excess reagent, 234
sample clean-up, liquid and solid phase microextraction, 231
silylation, free carboxylic acid analysis, 228
silylation, phenol analysis, GC, 231
solid-phase microextraction, 92
succinimides, amine analysis, 234
sulfhydryl analysis, 236
sulphonate displacement, fatty acid analysis, fluorescence
detection, 229
thiol reactivity, 236
thiol analysis, chromophoric and fluorescence detection, 237
tosylation, phenol analysis, GC, 231
ultrasonic mixing, 227
yield increase, 228
Derivatization, dansylation .
carbonyI analysis, fluorescence detection, 236
hydroxyl analysis by HPLC, 232
nucleic acid and phosphate analysis by GC, 230

Derivatization extraction, 17
Dermal tissue, microdialysis, 114
Desalting, solid-phase extraction, 57
Design-based sampling, statistics, 319
Desorption
of analytes, solid-phase microextraction, 90, 97
efficiency, solid-phase microextraction by GC, 86
from matrix, pressurized fluid extraction, 165
solid-phase microextraction by LC, 98
Detection threshold, flavor analysis, 268
Determinate error, statistics, 313
Dialysis, 103
Diazo, derivatization, carboxylic acid analysis, fluorescence
detection, 229
Dielectric constant, microwave-assisted extraction, 205, 214
Dielectric properties, microwave-assisted extraction, 203
Dielectrophoresis, 402, 406, 408
Diffusion coefficient
microdialysis, 104
solid-phase microextraction, 94
Diffusion rates, elevated solvent temperatures and enhanced
extraction, 165
Diffusion through solvent, pressurized fluid extraction, 165
Diffusion-based calibration, 14, 331, 338
Diffusive gradients in thin films, 347
2,4-DinitrophenyIhydrazine, derivatization, volatile acid analysis,
UV detection, 229
Direct air analysis, 254
Direct distillation, flavor analysis, 271
Direct extraction, biological targets, biosensor samples, 392
Direct immersion solid-phase microextraction, aqueous
environmental samples, 259
Direct thermal desorption, comparison to superheated water
extraction, 186
Direct-extraction device, flavor analysis, 274
Dispersing agent, pressurized fluid extraction, 170
Dispersive solid-phase extraction, 69, 75
Disruption of surface equilibria, pressurized fluid extraction, 165
Dissolution testing, microdialysis, 116
Dissolved organic material, 347
Distribution coefficient
determination of, 326
solid-phase extraction, 61
Distribution constant, 6
definition, 39
solid-phase microextraction, 82, 94
Distribution equilibrium, definition, 39
Distribution ratio, definition, 39
DNA denaturation, biosensor samples, 399
DNA dendrimers, biosensors, 388
DNA fragmentation, biosensor samples, 399
Drinking water, volatile organic compounds, 36
Drug analysis. 285
ionizable groups, solid-phase microextraction, 369
liquid-phase microextraction, 142
metabolite analysis, solid-phase microextraction, 370
passive sampling, 353
pharmaceutical analysis, liquid-phase microextraction, 140
protein precipitation vs. solid-phase extraction, 72
solid-phase microextraction, 365, 369
Drug protein binding determination, microdialysis, 118

Index
Drugs of abuse
clinical sample analysis, 289
impurity profiling, 289. See also Illicit drug impurity profiling
Dual probe, microdialysis
blood brain barrier, 112
calibration, 108
Dummy template, molecularly imprinted polymers, 447
Dynamic extraction, supercritical fluid extraction, 193
Dynamic flow injection analysis, quantification, membrane
introduction mass spectrometry, 152
Dynamic headspace
air analysis, 254
extraction, 25
flavor analysis, 273
membrane inlet method, 156
process, microwave-assisted extraction, 205
Dynamic liquid-phase microextraction, 137, 141
Dynamic no-net-flux calibration, microdialysis, 107
Dynamic superheated water extraction, 182
Economic factors vs. sample quality, statistics, 319
EDTA disodium salt, chelating complexes, environmental
samples, 255
Electrical impedance, microwave-assisted extraction, 207
Electrically charged sol-gel, capillary microextraction, 432
Electrophoresis, 408
Electroporation, 402
Elevated membrane temperature, membrane introduction mass
spectrometry, 154
Elevated solvent temperatures, enhanced extraction, 165
Enantiomeric differentiation, solid-phase microextraction, 378
Endocrine disrupting chemical analysis
liquid-liquid extraction, 42. 44
passive sampling, 353
Endosulfan analysis, pressurized fluid extraction, 171
Enrichment factor, liquid-phase microextraction, 127-128
Enrichment
liquid-phase microextraction, 143
techniques, immunoaffinity, 445
, Environmental analysis
analysis, liquid-phase microextraction, 140
Data Quality Objectives, 249, 263
isotope dilution, 250
liquid-liquid extraction, 39,42
molecularly imprinted polymers, 459
solvent extraction, 39
Environmental samples
aqueous sample analysis, 255
cleanup, 262
contamination control, 262, 264
correction factors, validity of, 251
EDTA disodium salt, chelating complexes, 255
extraction recoveries, matrix considerations, 250
method development, 263
method validation, 263
microdialysis, 114
quantitative analysis processes, validity, 251
spiking procedures, 250
Enzymatic deconjugation of drug metabolites, solid-phase
microextraction, 370
Enzyme linked immunosorbent assay, 387
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Epitope imprinting, molecularly imprinted polymers, 450
Equilibration time
considerations for determining, solid-phase microextraction,
366
headspace Gc, 28
solid-phase microextraction, 92
Equilibrium extraction, 5
Equilibrium extraction, solid-phase microextraction
automation, GC, 88
calibration, 326
Equilibrium partitioning, molecularly imprinted polymers, 455
Equilibrium passive sampling, 345
Equilibrium sampling through membrane, 130
Equipment cost, pressurized fluid extraction vs. other methods,
177
Essential oil analysis, 278
Ethylenglycoldimethacrylate, cross-linking monomer, 446
Excipients, pharmaceuticals, 289
solid-phase microextraction, 377
Exhaustive extraction, 4
liquid-phase microextraction, 129
Experimental design, pressurized fluid extraction, 172
External standard quantification, membrane introduction mass
spectrometry, 152
Extracellular fluid, microdialysis, 103-104
Extract cleanup and fractionation, flavor analysis, 275
Extracted amount, solid-phase microextraction, thermodynamic
principles, 83
Extraction
biosensor samples, 389
derivatization, 17
dynamic headspace, 25
membrane, 18
purge-and-trap, 25
sample recovery, superheated water extraction, 183
static headspace, 25
Extraction cell, supercritical fluid extraction, 193
Extraction chamber, microwave-assisted extraction, 206
Extraction efficiency
microwave-assisted extraction, 213
pressurized fluid extraction, 170
solid-phase microextraction, 90
solid-phase microextraction, with ion-pairing reagent, 369
Extraction kinetics, 8
superheated water extraction, 185
Extraction method, pressurized fluid extraction vs. other
methods, 175
Extraction mode
liquid-phase microextraction, 136-137
solid-phase microextraction, 91
Extraction pH, solid-phase microextraction, 368
Extraction phase, characteristics, 8
Extraction rate constant, liquid-phase microextraction, 128
Extraction rate with solid-phase microextraction, kinetic
principles, 83
Extraction techniques, batch vs. flow-through, 12
Extraction temperature, solid-phase microextraction, 94
Extraction theory
boundary layer model, 12
liquid-liquid extraction, 39
Extraction thermodynamics, 6
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Extraction time
liquid-phase microextraction, 138
pressurized fluid extraction vs. other methods, 175
solid-phase microextraction, 94
Fat extraction, foods, microwave-assisted extraction, 212
Fatty acid analysis, derivatization, 226-227, 229
Fatty acid methyl esters, derivatization, 226
Fermentation processes monitoring, membrane introduction mass
spectrometry, 151
Fiber coating selection, solid-phase microextraction, 90, 97
Fiber preconditioning, solid-phase microextraction by LC, 98
Fiber rinsing, solid-phase microextraction, 98
Fick's first law of diffusion, 326, 331, 333
Field amplified stacking, 410
Field blank, 262
Field samplers, solid-phase microextraction, 83
Field sampling, 325, 327
Filtration
aqueous environmental samples, 255
biosensor samples, 393, 40 I
Flavor analysis, 267
analyte hydrophobicity, 269
aroma perception, 270
aroma values, 268
binding of flavor compounds to carbohydrates, lipids, and
proteins, 269-270
chemometrics, 280
chiral character, 268
detection threshold, 268
direct distillation, 271
direct-extraction device, 274
dynamic headspace, 273
extract cleanup and fractionation, 275
food, 267, 270
GC-olfactometry, 268
headspace techniques, 270, 272, 276
headspace volatiles analysis, 268
high vacuum distillation, 271
inclusion complexes, 270
indirect distillation, 271
Likens-Nickerson apparatus, 271, 276
liquid-liquid extraction, 271
liquid-phase microextraction, 271
Maillard reaction product analysis, 275
matrix partitioning, 269
multivariate statistics, 280
non-equilibrium mass transport, 269
odor threshold, 268
off-flavor analysis, 268
phase equilibria, 269
recognition threshold, 268
short path thermal desorption, 275
solid-phase aroma concentrate extraction, 275
solid-phase microextraction, 273
solvent assisted flavor evaporation, 272
solvent extraction, 270-271, 276
sorption techniques, 270, 272
static headspace, 272
steam distillation and extraction, 270, 271
supercritical fluid extraction, 271

thin layer high vacuum distillation, 272
total volatiles analysis, 267, 280
vapor pressure, 268
Flavor compounds, reversible vs. irreversible binding, 269
Florisil
pressurized fluid extraction, 171, 173
solid-phase extraction sorbents, 65
Flow injection analysis, quantification in membrane introduction
mass spectrometry, 152
Flow-through extraction techniques, 12
Fluorenylmethyl chloroformate (FMOC), derivatization, amine
analysis, 233
Fluorinated surfactant analysis, passive sampling, 354
Flux of analyte, microdialysis, 109
Food
analysis, molecularly imprinted polymers, 461
aroma analysis, 267
and beverage analysis, liquid-phase microextraction, 140, 142
and fragrance, lipophilic compound analysis, supercritical fluid
extraction, 194
macroconstituents and aroma compounds, interactions, 268
Forensic analysis
molecularly imprinted polymers, 458
solid-phase microextraction, 374
Fouling, molecularly imprinted polymers, 457
Fragment imprinting, molecularly imprinted polymers, 449
Free carboxylic acid analysis, derivatization, silylation, 228
Freeze drying, biota samples, environmental analysis, 262
Fruits and vegetables, multiresidue extraction, solid-phase
extraction, 69
Full evaporative technique, headspace GC, 31
Functional monomer
methacrylic acid, 446
molecularly imprinted polymers, 446, 450
Fused silica fiber, sol-gel, solid-phase microextraction, 420
Gas-phase extraction, microwave-assisted extraction, 205, 214
Gas-purging process, pressurized fluid extraction, 168
GC-olfactometry, flavor analysis, 268
Gerrnania-based sol-gel, capillary microextraction, 435
Glass-based microfluidic device, biosensors, 404
Glassware silanization, 255
Grab sampling, 325
Graphitized carbon, solid-phase extraction sorbents, 65
Green chemistry, 182
liquid-phase microextraction, 143
solid-phase extraction, 76
supercritical fluid extraction, 191
Group selective molecularly imprinted polymers, 447
Hair analysis, 288
Handling of samples, statistics, 320
Hazard analysis critical control point (HACCP), 385
Headspace extraction. 16
solid-phase microextraction by GC, calibration, 89
Headspace GC, 25
automated analysis, hardware, 32
calibration curve, spiked standards, 30
equilibration time, 28
full evaporative technique, 31
injection volume, 28

Index
manual analysis, hardware, 32
matrix modification, 30
method optimization, 28
multiple headspace extraction, 30
partition coefficient, 25, 28
phase ratio, 25
pressure-balanced sampling, autosampler hardware, 32
quantification, 29
quantification, problems with, 32
standard addition, 30
syringe sampling, autosampler hardware, 32
thermodynamic constants, determination, 36
trapping, 29
valve and loop sampling, autosampler hardware, 32
vial size, 29
vs. purge-and-trap, 25, 36
Headspace liquid-phase microextraction, 137
Headspace membrane introduction mass spectrometry, 156
Headspace mode, microwave-assisted extraction, 215
Headspace sampling, air analysis, 254
Headspace solid-phase microextraction, aqueous environmental
samples, 259
Headspace techniques, flavor analysis, 270, 272, 276
Headspace volatiles analysis, flavor analysis, 268
Heavy metal analysis, passive sampling, 355
Herbal medicine analysis, superheated water extraction, 187
Herbicide analysis, liquid-liquid extraction, 43
High analyte enrichments, liquid-phase microextraction, 141
High throughput analysis, solid-phase microextraction by GC, 87
High vacuum distillation, flavor analysis, 271
Hollow fiber, liquid-phase microextraction, 126
Hollow fiber configurations, liquid-phase microextraction, 130
Homogenization
biosensor samples, 391
biota samples, environmental analysis, 261
Hormone analysis, passive sampling, 353
Hydrazine reagents, analysis of aldehydes, carbony1s, and
ketones, 236
Hydrodistillation, comparison to superheated water extraction,
186
Hydromatrix
biota samples, environmental analysis, 262
pressurized fluid extraction, 170
Hydrophobic membrane, supercritical fluid extraction, 194
Hydrophobic organic compound analysis, passive sampling, 351
Hydrophobicity, analyte, flavor analysis, 269
Hydroxyfullerene, sol-gel, 426
Hydroxyl analysis, derivatization, dansylation, HPLC, 232
Illicit drug impurity profiling, solid-phase microextraction, 374.
See also Drugs of abuse
Immersed liquid-phase microextraction, 137
Immobilized liquid extraction, 74
Immunoaffinity
enrichment techniques, 445
extraction, solid-phase extraction sorbents, 68
ligands, biosensors, 396
sorbents, clinical samples, 286, 298
Immunoaffinity sorbents
non-specific binding, solid-phase microextraction sorbents, 372
solid-phase microextraction sorbents, 372
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Immunomagnetic beads, biosensors, 406
Immunomagnetic separation, biosensor samples, 394
Immuno-polymerase chain reaction, 388
Impurity profiling, drugs of abuse, 289
In pairing, liquid-phase microextraction, 131
In situ derivatization, pressurized fluid extraction, 174
In situ membrane introduction mass spectrometry, 155
In situ simultaneous cleanup, pressurized fluid extraction, 173
In vivo analysis, 21
solid-phase microextraction, 85, 375
Inclusion complexes, flavor analysis, 270
Increment size, statistics, 316
Indeterminate error, statistics, 313
Indirect distillation, flavor analysis, 271
Indirect extraction of biological targets, biosensor samples, 392
In-fiber standardization, solid-phase microextraction, calibration,
326, 334
Injection volume, headspace Gc, 28
Injector optimization, solid-phase microextraction, GC, 86
Injector port derivatization, 227
In-line protocols, molecularly imprinted solid-phase extraction,
457
Inorganic anion analysis, passive sampling, 357
Inorganic pollutant analysis, passive sampling, 355
Instrument blanks, 262
Integration, analytical process, 20
Integrative sampling, 345
Interdigitated electrode, biosensor microchip, 406
Interface model, mass uptake to sorbent, 331
Interference removal, solid-phase extraction, 54, 60
Internal standard loading, automation, solid-phase
microextraction by GC, 88
Internal standards, 15
In-tube solid-phase microextraction, 81, 371, 373
automation, LC, 96
Ion removal by solid-phase extraction, 71
Ion-exchange chromatography, biosensor sample preparation,
395
Ionic compounds extraction, liquid-phase microextraction, 141
Ionic liquid, liquid-phase microextraction, 136
Ionic strength of sample, solid-phase microextraction, 93, 368
Ion-pairing reagent, solid-phase microextraction extraction
efficiency, 369
Isoelectric focusing, 410
Isotachophoresis, 410
Isotope dilution, environmental analysis, 250
Ketone analysis, derivatization, hydrazine reagents, 236
Kinetic calibration
solid-phase microextraction, calibration, 333
standard in the extraction phase, 15
standard-free, 16
Kinetic passive sampling, 345
Kinetic extraction, 8
liquid-phase microextraction, 129
solid-phase microextraction, 83
Labeled oligonucleotides, biosensors, 388
Large-volume injection GC, pressurized fluid extraction, 170
Likens-Nickerson apparatus, flavor analysis, 271, 276
Linear mass uptake, 331

482 Index
Linear probe, microdialysis, 105
Linkage, chemical and biological analysis, passive sampling,
354, 358
Lipid content of biota samples, effect on environmental analysis,
262
Lipids, binding of flavor compounds, flavor analysis, 269
Lipophilic compound analysis, food and fragrance, supercritical
fl uid extraction, 194
Liquid injection
calibration, solid-phase microextraction, 337
transfer efficiency in GC, 337
Liquid phase microextraction, derivatization, sample clean-up,
231
Liquid-gas-liquid microextraction, 141
Liquid-liquid extraction, 39
aqueous environmental samples, 255
clinical samples, 286, 296
comparison to solid-phase extraction, 53
continuous vs. countercurrent, 41
discontinuous, 40
environmental analysis, 39
extraction modes, 40
flavor analysis, 271
online, 42
sample recovery, superheated water extraction, 183
single-stage extraction, 40
solid-supported, 74
successive multiple extractions, 40
theory, 39
Liquid-liquid microextraction, 125
aqueous environmental samples, 255
Liquid-phase extraction, microwave-assisted extraction, 204
Liquid-phase microextraction, 125
acceptor phase pH, 139
acceptor phase volume, 140
acceptor solution, 126
agitation, 131, 137
applications, 140
automation, 131, 141
clinical samples, 296
dynamic, 137, 141
enrichment factor, 127-128
enrichment, 143
equipment and solvents, 130
exhaustive extraction, 129
extraction mode, 136-137
extraction rate constant, 128
extraction time, 138
flavor analysis, 271
headspace, 137
high analyte enrichments, 141
hollow fiber configurations, 130
hollow fiber materials, 125, 130
immersed, 137
ion pairing, 131
ionic liquid, 136
kinetic extraction, 129
method development, 136
microsyringe, 131
microwave-assisted extraction, combined, 141
non-depletive equilibrium extraction, 129

organic solvent selection, 131, 139
performance characterization, 143
porous hollow fiber, 125
recovery, 143
salt addition to sample, 139
sample clean-up, 143
sample pH, 137
sample volume, 137
specifications, 130
static, 137
two-phase vs. three-phase, 127
Local heterogeneity in particulate materials, statistics, 316
Long-chain fatty acid analysis, liquid-phase microextraction, 141
Low flow, microdialysis, 105, 108
Low-temperature glassy carbon, sol-gel, 428
Lung cancer, volatile biomarkers, 300
Lyophilization, sample recovery, superheated water extraction,
183
Magnesium silicate, activated, solid-phase extraction sorbents, 65
Magnetic beads, biosensors, 388, 405
Magnetic particle technology, biosensors, 397
Maillard reaction product analysis, flavor analysis, 275
Manual analysis, headspace GC, hardware, 32
Mass uptake to sorbent, cross-flow and interface models, 331
Matrix adsorption mode, solid-phase extraction, 60
Matrix characteristics, effect on pressurized fluid extraction, 172
Matrix effects, 7
derivatization, 227
microwave-assisted extraction, 206
solid-phase microextraction, 366
supercritical fluid extraction, 192
Matrix modification, headspace GC, 30
Matrix partitioning, flavor analysis, 269
Matrix solid-phase dispersion, 53, 69, 75
Mechanical lysis, biosensor samples, 394
Membrane
microdialysis, 104
samplers, 330, 335
sol-gel, 439
Membrane extraction, 18
sample recovery, superheated water extraction, 183
Membrane introduction mass spectrometry, 149
air analysis, 153
calibration, see Membrane introduction mass spectrometry,
calibration
chemical ionization, 154
dynamic headspace membrane inlet method, 156
elevated membrane temperature, 154
external standard quantification, 152
headspace, 156
in situ, 155
membrane inlet configurations, 149
membrane inlet, efficiency, 150
membrane materials, 158
membrane permeation studies, 159
memory effects, limitations, 151, 154
online, 155
on-site, 155
polar compounds, limitations, 151-152
polydimethylsiloxane, 154

Index
reversed-phase, 158
selectivity, 150, 154
sensitivity, 150
single-sided, 154
temperature-programmed desorption, 154
trap-and-release, 150
water analysis, 151
Membrane introduction mass spectrometry, calibration, 154
dynamic flow injection analysis, 152
flow injection analysis, 152
gas samples, 157
sample flow rate, 152
sample temperature, 152
steady-state analysis, 152
Membrane-assisted solvent extraction, 126
Mercaptopropyltrimethoxysilane modified silica, sol-gel capillary
microextraction, 434
Metal chelators, derivatization, thiol stabilization, 236
Metal analysis, passive sampling, 355
Methacrylic acid, functional monomer, 446
Method development
environmental samples, 263
headspace GC, 28
liquid-phase microextraction, 136
pressurized fluid extraction, 168
solid-phase extraction, 62, 66
solid-phase microextraction, GC, 90
solid-phase microextraction, LC, 97
supercritical fluid extraction, 195
time, pressurized fluid extraction vs. other methods, 175
Method validation
environmental samples, 263
natural-matrix reference materials, 264
Methyl tert-butyl ether analysis, passive sampling, 355
Methylation, derivatization, thermally assisted hydrolysis, 227
Methyltrimethoxysilane, sol-gel, 434
Methyltrimethoxysilaneln-octyltriethoxysilane, sol-gel, 428
Methyltrimethoxysilane/phenyltrimethoxysilane, sol-gel, 428
Microchip materials
glass-based microfluidic device, 404
polycarbonate-based, 405
polydimethylsiloxane-based, 400
Microdialysis, 103
affinity dialysis prior to MS, 118
applications, see Microdialysis, applications
basal experiment, 106
blood brain barrier, 112
calibration, 107-108
diffusion coefficient, 104
dissolution testing, 116
drug protein binding determination, 118
dual probe, blood brain barrier, 112
extracellular fluid, 103-104
flux of analyte, 109
low flow, 105, 108
membrane, 104
microdialysate, 104
perfusate, 103-104
probe design, 105
protein sample desalting prior to MS, 118
push-pull perfusion, 105
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quantification, 106
recovery, 104, 109
sampling process, 103
semipermeable membrane, 103
temporal resolution, 105, 111
tissue injury. 113
Microdialysis, applications
biorector monitoring, 116
brain sampling, 112
dermal tissue, 114
environmental samples, 114
muscle tissue, 114
ocular sampling, 113
Microextraction
in a packed syringe, clinical samples, 298, 301
techniques, clinical samples, 298
Microfluidic devices
glass-based, 404
interdigitated electrode, 406
micrototal analysis system, 400
polycarbonate-based, 405
polydimethylsiloxane-based, 400
sample preparation, 401
Micropipet tip, solid-phase extraction formats, 59, 76
Microporous membrane extraction, coupled systems, superheated
water extraction, 183
Microwave coupler, microwave-assisted extraction, 207
Microwave irradiation, derivatization, increased reaction rate, 230
Microwave susceptors, microwave-assisted extraction, 205, 213
Microwave-assisted extraction, 197
bulk heating, 197
calibration, 206
cavity optimization, 207
closed-vessel, 207
dielectric constant, 205. 214
dielectric properties, 203
dynamic headspace process, 205
electrical impedance, 207
environmental samples, solids, 261
extraction chamber, 206
extraction efficiency, 213
gas-phase extraction, 205, 214
headspace mode, 215
liquid-phase extraction, combined. 204
liquid-phase microextraction, combined, 141
matrix effects, 206
microwave coupler, 207
microwave susceptors, 205, 213
open-vessel, 207
purge-and-trap mode, 214
safety considerations, 214
selective heating, 204
vs. Soxhlet, 212-213
vs. supercritical fluid extraction, 212
Microwave-assisted process, 197
headspace, 205
Miniaturization of analytical process, 20
micropipet tip, solid-phase extraction, 59, 76
passive sampling, 357
pressurized fluid extraction, 174
reduced bed mass, solid-phase extraction, 76
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Mixed-phase extractions, solid-phase extraction, 67
Model-based sampling, statistics, 319
Molecular imprinting, 445
Molecular weight cutoff, microdialysis membrane, 104
Molecularly imprinted polymers, 445, 456
amphiphilic monomers, 450
automation, 455
binding site affinity, 446. 450, 464
bioanalysis, 458
clinical samples, 286, 298, 300
cross-linking monomer, 446
cross-reactivity, 447
environmental analysis, 459
epitope imprinting, 450
equilibrium partitioning, 455
food analysis, 461
forensic analysis, 458
fouling, 457
fragment imprinting, 449
functional monomer, 446, 450
group selective, 447
non-imprinted polymer, 457, 461
peptide and protein analysis, 462
pharmaceutical analysis, 458
recovery enhancement, sorbent drying, 459
restricted access materiaL 456
reusability, 457
selective, 446-447, 450, 455, 457, 461, 463
solid-phase extraction sorbents, see Solid-phase extraction
sorbents, molecularly imprinted polymers
solid-phase microextraction sorbents, see Solid-phase
microextraction sorbents, molecularly imprinted polymers
synthesis, 445
synthesis, aqueous medium, 449
water-compatibility, 457, 460
Molecularly imprinted polymers, template, 445
bleeding, 447, 455
dummy, 447
selection, 447
structural analog, 455
Monolithic beds, sol-gel, 419, 437
Monolithic extraction phases, solid-phase microextraction
sorbents, 371
Multimodal extractions, solid-phase extraction, 67
Multiple headspace extraction, headspace GC, 30
Multiresidue extraction, fruits and vegetables, solid-phase
extraction, 69
Multivariate statistics, flavor analysis, 280
Muscle tissue, microdialysis, 114
Nanoparticles, biosensors, 388
Nanoporous membrane, biosensor samples, 401
Natural-matrix reference materials, method validation,
264
Needle trap devices, 84
Negligible depletion, solid-phase microextraction, 366
96-well solid-phase extraction plate, solid-phase extraction
formats, 59
N-Nitrosamine analysis, liquid-liquid extraction, 44
N-Nitroso compound analysis, liquid-liquid extraction, 44
Nitrotoluene analysis, superheated water extraction, 184

Non-depletive equilibrium extraction, liquid-phase
microextraction, 129
Non-equilibrium mass transport, flavor analysis, 269
No-net-flux calibration, microdialysis, 107
Non-exhaustive extraction, 5
Non-imprinted polymer, molecularly imprinted polymers, 457,
461
Nonsteroidal anti-inflammatory drug analysis, liquid-phase
microextraction, 141
Non-volatile drug analysis, solid-phase microextraction, 369
4-Nonylphenol analysis, pressurized fluid extraction, 171
Normal phase molecularly imprinted solid-phase extraction,
455
Nucleic acid analysis, derivatization, dansylation, GC, 230
Octadecylsilane monolith, sol-gel, 437
OctadecyI-silica
solid-phase extraction, 54
sorbent, solid-phase microextraction, 370
n-Octyltriethoxysilane/methyltrimethoxysilane, sol-gel, 428
Ocular sampling, microdialysis, 113
Odor analysis, 267
Odor threshold, flavor analysis, 268
Off-flavor analysis, flavor analysis. 268
Off-line desorption, solid-phase microextraction, LC, 96
Off-line protocols, molecularly imprinted solid-phase extraction,
455
Off-line supercritical fluid extraction, 193
Oligonucleotide probes, biosensors, 395-396, 398
Oligosaccharide analysis, derivatization, 234
Online column switching, 71
Online membrane introduction mass spectrometry, 155
Online protocols, molecularly imprinted solid-phase extraction,
456
Online vs off-line microdialysis, temporal resolution, 111
Online supercritical fluid extraction, 194
On-site analysis, 20, 325
On-site membrane introduction mass spectrometry, 155
On-site sampling, solid-phase microextraction, 83, 86
Open-vessel microwave-assisted extraction. 207
Operating parameters, pressurized fluid extraction, 170
Operator skill, pressurized fluid extraction vs. other methods, 175
Organic acid analysis, derivatization. 226
chloroformates, 229
Organic acid analysis, liquid-liquid extraction, 44
Organic compounds
aquatic environments, residence times, passive sampling. 352
large, analysis, membrane introduction mass spectrometry. 152
Organic contaminant analysis, quantitative analysis processes.
251
Organic phosphate analysis, derivatization, pentaflurobenzyl
bromide, GC, 230
Organic pollutant analysis
microwave-assisted extraction, 208, 209
pressurized fluid extraction, 163, 170
Organic-inorganic octyl hybrid monolith, sol-gel, 440
Organochlorine pesticide analysis
liquid-liquid extraction, 42-43
liquid-phase microextraction, 140
supercritical fluid extraction, 194
superheated water extraction, 186
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Organometallic analysis
passive sampling, 357
speciation, pressurized fluid extraction, 172
Organophosphorous pesticide analysis, liquid-liquid extraction,
42-43
Ortho dialdehyde, derivatization, primary amine analysis, 233
Oven drying, biota samples, environmental analysis, 262
Partition coefficient
headspace GC, 25, 28
solubility and temperature effects, 27
Partitioning of anlytes, solid-phase microextraction, 90
Passive sampling, 17, 343. See also Time-weighted average
sampling
active vs. passive samplers, 343
air analysis, 254
biota, 343
calibration, see Passive sampling, calibration
environmental factors, 346
equilibrium, 345
field validation, 347
kinetic, 345
linkage, chemical and biological analysis, 354, 358
miniaturization, 357
modeling, 345
personal care products, 352-353, 354
pesticide analysis, 353
polar organic compounds, 352
principles of operation, 344
quality control, 348
residence times, organic compounds, aquatic environments, 352
selectivity, 356
solid-phase adsorption toxin tracking, 354
speciation of metals, 356
validation, 347
wastewater, 353-354, 357
Passive sampling, calibration, 345
batch vs. continuous flow design, 346
PCB analysis, superheated water extraction, 184
Peat analysis, membrane introduction mass spectrometry,
155-156
Pentafluorobenzyl bromide, derivatization, organic phosphate
analysis, GC, 230
Pentafluorobenzyloximes, derivatization, aldehyde analysis, GC,
235
Peptide
analysis, liquid-phase microextraction, 140
and protein analysis, molecularly imprinted polymers, 462
Peptide nucleic acids, biosensors, 395
Performance characterization, liquid-phase microextraction, 143
Performance reference compounds, 346
Perfusate, microdialysis, 103-104
Permittivity, 181
Persistent organic pollutant analysis, pressurized fluid extraction,
163, 170
Personal care products, passive sampling, 352-354
Pesticide analysis, passive sampling, 353
Petroleum hydrocarbon analysis, supercritical fluid extraction, 194
Pharmaceutical product analysis, 285, 289
active ingredients, 289
molecularly imprinted polymers, 458
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passive sampling, 353
residual solvents, 300
solid-phase microextraction, 377
Pharmaceuticals, excipients, 289
Phase equilibria, flavor analysis, 269
Phase ratio, headspace GC, 25
Phase transfer catalysis, derivatization, GC, 231
Phenol analysis, derivatization, 230
silylation and tosylation, GC, 231
Phenol analysis, microwave-assisted extraction, 209
Phenoxyalkanoic acid herbicide analysis, liquid-liquid extraction,
43
Phenylboronic acid, solid-phase extraction sorbents, 71
Phenyltrimethoxysilane/methyltrimethoxysilane, sol-gel, 428
Phenylurea herbicide analysis, liquid-liquid extraction, 43
Phosphate analysis, derivatization, dansylation, GC, 230
Phosphonic acid analysis, derivatization, alkylation, GC, 230
Phosphorous anion analysis, passive sampling, 357
0- Phthalaldehyde-thiolJFMOC combination derivatization,
primary and secondary amine analysis, 233
Phthalate analysis, liquid-liquid extraction, 45
Polar analyte analysis, supercritical fluid extraction, 192
Polar organic chemical integrative sampler (POCIS), passive
sampling, 346
Polar organic compound analysis
membrane introduction mass spectrometry, 154
passive sampling, 351-352
Polyacrylate, solid-phase microextraction sorbent, 91
Polyacrylonitrile, microdialysis membrane, 104
Polybrominated diphenyl ether analysis, pressurized fluid
extraction, 174
Polycarbonate-based microchips, biosensors, 405
Polycarbonate-polyether, microdialysis membrane, 104
Polychlorinated biphenyl analysis
liquid-liquid extraction, 42-43
liquid-phase microextraction, 141
supercritical fluid extraction, 194
Polycyclic aromatic hydrocarbon, standard water generating
system, 326
Polycyclic aromatic hydrocarbon analysis
liquid-liquid extraction, 42, 44
liquid-phase microextraction, 140
supercritical fluid extraction, 194
superheated water extraction, 184-185
Polydimethylsiloxane
membrane introduction mass spectrometry, 154
microchips, biosensors, 400
sol-gel, 421
sol-gel, amino-functionalized, 424
solid-phase microextraction sorbent, 82, 86
Polydimethylsiloxane/aminopropylsilica, sol-gel, 423
Polydimethylsiloxane/3-aminopropyltriethoxysilane, sol-gel, 424
Polydimethylsiloxane/divinylbenzene, solid-phase
microextraction sorbent, 86, 91
Polydimethylsiloxane/poly(vinylalcohol), sol-gel, 422, 437
Polyethersulfone, microdialysis membrane, 104
Polyethylene glycol
sol-gel, 427, 433
solid-phase microextraction sorbent, 91
Polymerase chain reaction, 385, 399, 409
immuno,388
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Polymer-coated fibers, 59
Polymeric sorbents, solid-phase extraction, 54, 66
Polymethylphenylvinylsiloxane, sol-gel, 423
Polymethylphenylvinylsiloxane/titania-hydroxy-terminated
silicone oil, sol-gel, 423
Polypropylene hollow fiber, liquid-phase microextraction, 130
Polypyrrole, solid-phase microextraction sorbents, 371
Polysulfone hollow fiber, liquid-phase microextraction, 130
Poly(tetrahydrofuran), sol-gel, 434
Polyunsaturated fatty acid analysis, derivatization, 226
Polyvinyldene difluoride hollow fiber, liquid-phase
microextraction, 130
Porous hollow fiber, liquid-phase microextraction, 125, 130
Porous monolith, biosensors, 405
Positive-pressure manifold systems, solid-phase extraction, 59
Prandtl boundary layer, 83
Pre-concentration, air analysis, 254
Pre-equilibrium calibration, solid-phase microextraction,
calibration, 326, 334, 338
Pre-equilibrium extraction
automation, solid-phase microextraction by GC, 89
high sample concentration, solid-phase microextraction, 368
Pressure, extraction efficiency, pressurized fluid extraction,
171
Pressure-balanced sampling, headspace GC, autosampler
hardware, 32
Pressurized fluid extraction, 163, 181, 191, 197
applications, 170
certified reference materials, 170
cleanup of extract, 173
copper powder, 170
desorption from matrix, 165
diffusion through solvent, 165
dispersing agent, 170
disruption of surface equilibria, 165
environmental samples, solids, 261
experimental design, 172
extraction efficiency, 165, 170-172
extraction procedure, 167
Florisil, 171, 173
gas-purging process, 168
hydromatrix, 170
in situ derivatization, 174
in situ simultaneous cleanup, 173
instrumentation, 165
matrix characteristics, effect of, 172
method comparison, 174
method development, 168
miniaturization, 174
operating parameters, 170
parameter optimization, 170
pressure, extraction efficiency, 171
recovery, 172
response function, 172
sample cell, 168
sequential extraction, 173
solubility and mass transfer effects, 165
solvation by organic solvent, 165
solvent composition, 171-172
solvent consumption, 175
solvent solubility and mass transfer effects, 165

solvent type, 175
temperature, extraction efficiency, 171
ultrasound assisted, 173
validation, 170
vs. Soxhlet, 163, 174
vs. other methods, 175, 177
Pressurized liquid extraction, 163
Pressurized solvent extraction, 163
Pressurized water, 181
Pretreatment, biosensor samples, 389
Primary amine analysis, derivatization, ortho dialdehyde, 233
Primary and secondary amine analysis, o-phthalaldehyde-thiol/
FMOC combination derivatization, 233
Probability sampling, statistics, 314
Probes
design, microdialysis, 105
oligonucleotide, biosensors, 395-396, 398
Proteins
binding of flavor compounds, flavor analysis, 269
removal, clinical samples, 289
sample desalting prior to MS, microdialysis, 118
Protocol sampling, statistics, 315
Purge-and-membrane mass spectrometry, 156
Purge-and-trap, 25
air analysis, 254
mode, microwave-assisted extraction, 214
vs. headspace GC, 25, 36
Purification, biosensor samples, 389
Push-pull perfusion, microdialysis, 105
Pyrethroid analysis, superheated water extraction, 185
Qualitative sampling, statistics, 315
Quality assessment, statistics, 321
Quality assurance in sampling, statistics, 320
Quality control
passive sampling, 348
sampling, statistics, 320
Quantitative analysis processes, environmental samples, 251
Quatemized ammonium reagents, derivatization, carbonyl
analysis, pre-charged derivatives, 236
QuEChERS, solid-phase extraction, 69
Quercetin glycoside analysis, superheated water extraction, 186
Quinoxaline-bridged cavitand, sol-gel, 427
Radionuclide analysis, passive sampling, 356
Random error, statistics, 313
Random number generation, statistics, 314
Random sampling, statistics, 314
Recognition threshold, flavor analysis, 268
Recovery
additives for enhancing, microdialysis, 109
definition, 366
liquid-phase microextraction, 143
matrix considerations, environmental samples, 250
microdialysis, 104
molecularly imprinted polymers, effect of sorbent drying,
459
pressurized fluid extraction, 172
Reduced solvent consumption in analytical chemistry, 81, 98
Residence times, organic compounds, aquatic environments,
passive sampling, 352
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Residual solvents in pharmaceutical products, 300
headspace GC, 35
membrane introduction mass spectrometry, 159
Restricted access materials
clinical analysis, 298, 300
molecularly imprinted polymers, 456
solid-phase extraction sorbents, 67
solid-phase microextraction, 370
Retrodialysis calibration, microdialysis, 107
Reusability, molecularly imprinted polymers, 457
Reverse dialysis calibration, microdialysis, 107
Reversed phase
membrane introduction mass spectrometry, 158
molecularly imprinted solid-phase extraction, 455
solid-phase extraction, 53
Robotic systems, solid-phase extraction, 60
Saliva analysis, 288
Salt addition to sample, liquid-phase microextraction, 139
Sample cell, pressurized fluid extraction, 168
Sample clean-up, liquid-phase microextraction, 143
Sample composition vs. sample size, statistics, 317
Sample drying, environmental samples, solids, 260
Sample flow rate, quantification, membrane introduction mass
spectrometry, 152
Sample heterogeneity, solid-phase microextraction, 367
Sample increment size in segregated populations, statistics, 318
Sample ionic strength, solid-phase microextraction, 93
Sample loading, solid-phase extraction, 61
Sample mass, pressurized fluid extraction vs. other methods, 175
Sample organic solvent content, solid-phase microextraction, 94
Sample pH selection
liquid-phase microextraction, 137
solid-phase microextraction, 93
Sample preparation
blanks, 262
column switching, clinical samples, 295, 297
microfluidic devices, 401
Sample quality vs. economic factors, statistics, 319
Sample size
vs. sample composition, statistics, 317
vs. sampling uncertainty, statistics, 317
Sample storage and transport, solid-phase extraction, 57
Sample water content, solid-phase microextraction, 93
Samples, handling and storage, statistics, 320
Sampling
biological specimens, 287
biomimetic, passive sampling, 349, 353
continuous, 325
design-based, statistics, 319
designs, statistics, 314
equipment selection, statistics, 320
errors, statistics, 313
field sampling, 325, 327
grab, 325
integrative, 345
model-based, statistics, 319
passive, 17, 343
plans, statistics, 315
probability, statistics, 314
process, microdialysis, 103
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protocol, statistics, 315, 316
qualitative, statistics, 315
quality assurance, statistics, 320
quality control, statistics, 320
random, statistics, 314
sites, statistics, 319
spot, 325, 343
statistics, solids, 316
stratified, statistics, 315
systematic, random start point, statistics, 315
systematic, statistics, 314
time-weighted average, 15, 17
uncertainty vs. sample size, statistics, 317
Sediment analysis, membrane introduction mass spectrometry,
155-156
Selectivity
enhancement, membrane introduction mass spectrometry, 154
membrane introduction mass spectrometry, 150
molecularly imprinted polymers, 446,447,450,455,457,461,
463
passive sampling, 356
Semipermeable membrane, microdialysis, 103
Semipermeable membrane device, 344
Semivolatile drug analysis, solid-phase microextraction, 369
Semivolatile organic compound analysis, membrane introduction
mass spectrometry, 154
Sensitivity, membrane introduction mass spectrometry, 150
Sequential extraction, pressurized fluid extraction, 173
Sequential vs. simultaneous analysis, pressurized fluid extraction
vs. other methods, 175
Short path thermal desorption, flavor analysis, 275
Shunt probe, microdialysis, 105
Signal amplification, biosensors, 387
Silanization of glassware, 255
Silica-based microstructures, biosensors, 405
Silicone-divinylbenzene co-polymer, sol-gel, 423
Silylation, derivatization
free carboxylic acid analysis, 228
phenol analysis, GC, 231
Single-drop microextraction, 73
Single-sided membrane introduction mass spectrometry, 154
Size exclusion chromatography, biosensor sample preparation,
395
Soil analysis
persistent organic pollutants, pressurized fluid extraction, 168
volatile organic compound, microwave-assisted extraction, 215
Soil gas analysis, membrane introduction mass spectrometry,
155-156
Soil samples
bioavailability, 330
organic compound analysis, membrane introduction mass
spectrometry, 155
Sol-gels, 419
capillary electrochromatography, 434, 437
capillary microextraction, 420, 429
solid-phase microextraction, 419
stir bar sorptive extraction, 419,435
Sol-gels, materials, 419
acrylate, 427
alumina-based polydimethylsiloxane, 422
aminopropylsilicalpolydimethylsiloxane, 423
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Sol-gels (cant'd)
3-aminopropyltriethoxysilane/polydimethylsiloxane, 424
anilinemethyltriethoxysilane/polydimethylsiloxane, 423
calixarene, 425
cavity ligands, 424, 431
characterization, 4 I9
chemistry, 419
crown ether, 424
~-cyclodextrin, 426, 437, 439
dendrimer, 433
electrically charged sol-gel, 432
germania-based sol-gel, 435
glassy carbon, low-temperature, 428
hydroxyfullerene, 426
membrane, 439
mercaptopropyltrimethoxysilane modified silica, 434
methyltrimethoxysilane/phenyltrimethoxysilane, 428
monolithic beds, 4 I 9, 437
octadecylsilane monolith, 437
n-octy1triethoxysilane/methyltrimethoxysilane, 428
organic-inorganic octyl hybrid monolith, 440
poly(tetrahydrofuran), 434
po1ydimethylsiloxane, 42 I
polydimethylsiloxane, amino-functionalized, 424
po1ydimethylsiloxane/poly(vinylalcohol), 422,437
polyethylene glycol, 427, 433
polymethylphenylvinylsiloxane,423
polymethylphenylvinylsi1oxane/titania-hydroxy-terminated
silicone oil, 423
quinoxaline-bridged cavitand, 427
silicone-divinylbenzene co-polymer, 423
solid-phase microextraction sorbents, 370
sorbent preparation, 420
surface coatings, 419
titania-based sol-gel, 429, 434
titania-hydroxy-terminated silicone oil/
polymethylphenylvinylsiloxane, 423
zirconia-based sol-gel, 429, 434
Solid environmental samples, 260-261
Solid samples, subsampling. statistics, 320
Solid-phase adsorption toxin tracking, passive sampling,
354
Solid-phase analytical derivatization, 230, 232, 235, 236,
237
Solid-phase aroma concentrate extraction, flavor analysis,
275
Solid-phase dynamic extraction. clinical samples, 298, 301
Solid-phase extraction, 53
analyte adsorption mode, 60
analyte concentration, 54
analyte elution, 62
apparatus, 59
aqueous environmental samples, 256
automation, 77
bind-elute mode, 60
biosensor sample preparation, 397, 404
clinical samples, 297
column switching, online, 71
derivatization, sample clean-up, 231
desalting, 57
dispersive, 69, 75

distribution coefficient, 61
formats, see Solid-phase extraction, formats
interference removal, 54, 60
ion removal, 71
matrix adsorption mode, 60
method development, 62, 66
micropipet tip, 59, 76
multimodal extractions, 67
positive-pressure manifold systems. 59
protocol development, molecularly imprinted polymer, 463
pulsed elution, molecularly imprinted, 458
QuEChERS, 69
reduced bed mass, 76
reversed phase, 53
robotic systems, 60
sample loading, 61
sample recovery, superheated water extraction, 183
sample storage and transport, 57
solvent exchange, 57
sorbents, see Solid-phase extraction, sorbents; Solid-phase
extraction sorbents, molecularly imprinted polymers
theory, 60
trace enrichment, 57
vacuum-manifold system, 59
vs. HPLC, 54
vs. liquid-liquid extraction, 53
xyz liquid-handling systems, 60
Solid-phase extraction, formats
cartridge, 57
disk,57
micropipette tip, 59
96-well solid-phase extraction plate, 59
Solid-phase extraction, sorbents, 65
activated magnesium silicate, 65
affinity-based, 445
cation exchange, 65
class-specific, 7 I
conditioning. 61
crown ethers, 7 I
Florisil, 65
graphitized carbon, 65
immunoaffinity, 68
mixed-phase, 67
octadecyl-silica, 54
pheny1boronic acid, 71
polymeric sorbents, 54, 66
restricted access materials, 67
rinsing/washing, 62
types A and B silica, 54
Solid-phase extraction sorbents, molecularly imprinted polymers,
68,445,450
in-line protocols, 457
normal phase, 455
off-line protocols, 455
on-line protocols, 456
protocol development, 463
with pulsed elution, 458
reversed-phase, 455
Solid-phase microextraction, 59, 73,81, 125, 197
absorption, 90
adsorption, 90
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agitation, 92
amount extracted, thermodynamic principles, 83
aqueous environmental samples, 259
automation, see Automation, solid-phase microextraction
binding affinity determination, 376
biocompatible, 86
calibration, see Solid-phase microextraction, calibration
clinical samples, 298, 299
cold fiber, 83
derivatization, 92
derivatization, drug analysis, 373
desorption of anlytes, 90, 97
diffusion coefficient, 94
distribution constant, 82, 94
drug analysis, see Solid-phase microextraction, drug analysis
enantiomeric differentiation, 378
equilibration time, 92, 366
extraction efficiency, 90
extraction efficiency, ion-pairing reagent, 369
extraction mode optimization, 91
extraction pH, 368
extraction rate, kinetic principles, 83
extraction temperature, 94
extraction time, 94
fibre rinsing, 98
field samplers, 83
flavor analysis, 273
forensics, analysis, 374
by GC, see Solid-phase microextraction, by GC
illicit drug impurity profiling, 374
in-tube, see Solid-phase microextraction, in-tube
in vivo, 85, 375
ionic strength, samples, 368
by LC, see Solid-phase microextraction, by LC
matrix effect, 366
method development, 90
negligible depletion extraction, 366
non-volatile drug analysis, 369
on-site sampling, 83, 86
partitioning of anlytes, 90
pre-equilibrium extraction, high sample concentration, 368
restricted access materials, 370
samples, see Solid-phase microextraction, samples
semivolatile drug analysis, 369
sol-gel,419-420
sorbents, see Solid-phase microextraction, sorbents
spot sampling, 84
superheated water extraction, 183
theory, 82
therapeutic drug monitoring, 375
time-weighted average sampling, 84-85
toxicology analysis, 374
volatile drug analysis, 369
Solid-phase microextraction, calibration
direct extraction, 89
equilibrium extraction, 326
headspace extraction, 89
in-fiber standardization, 326, 334
kinetic. 333
kinetic, standard-free, 326, 335
linearity, solid sorbents, 368

liquid injection, 337
pre-equilibrium, 89, 326, 334, 338
standard in the extraction phase, 333
Solid-phase microextraction, drug analysis, 365
derivatization, 373
drug metabolite analysis, 370
excipients, impact on extraction, 377
ionizable groups, 369
method development, 369
pharmaceutical product analysis, 377
Solid-phase microextraction, by GC, 86
automation, 87-89
desorption efficiency, 86
high throughput analysis, 87
injection, transfer efficiency, 337
injector optimization, 86
split/splitless injector, 86
interfaces, 86-97
rapid injection, 86, 88
Solid-phase microextraction, in-tube, 81, 371, 373
clinical samples, 300
sol-gel, 419
Solid-phase microextraction, by LC, 95
automation, 96-97
desorption, 98
fibre preconditioning, 98
high throughput, 97
interfaces, 95
manual interface, 95
method development, 97
off-line desorption, 96
Solid-phase microextraction, samples
heterogeneity, 367
ionic strength, 93
organic solvent content, 94
pH selection, 93
temperature, 94
volume selection, 93, 365
water content, 93
Solid-phase microextraction, sorbents
biocompatibility, 370---371, 373. 376
coating selection, 90, 97
immunoaffinity, 372
molecularly imprinted polymers, 372, 455
monolithic extraction phases, 371
octadecyl-silica, 370
polyacrylate,91
polydimethylsiloxane, 82, 86
polydimethylsiloxane/divinylbenzene, 86, 91
polyethylene glycol, 91
polypyrrole, 371
sol-gel, 370
Solids, sampling statistics, 316
Solid-supported liquid-liquid extraction. 74
Solubility, effect on partition coefficient, 27
Solvent assisted flavor evaporation. 272
Solvent exchange, with solid-phase extraction. 57
Solvent extraction
environmental analysis, 39
flavor analysis, 270-271, 276
Solvent miscibility chart, 41
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Sorbents
biocompatible, clinical samples, 298
liquid, definition, 13
selective, clinical samples, 298
solid, definition, 13
solid vs. liquid, 13
specificity, clinical samples, 298
Sorption techniques, flavor analysis, 270, 272
Soxhlet extraction
environmental samples, solids, 260
vs. microwave-assisted extraction. 212-213
vs. pressurized fluid extraction, 163, 174
vs. supercritical fluid extraction, 191
vs. superheated water extraction, 185
Speciation of metals, passive sampling, 356
Spiking procedures, environmental samples, 250
Split/splitless GC injector, solid-phase microextraction, 86
Spot sampling, 325. 343
solid-phase microextraction, 84
Standard addition, 15
headspace GC. 30
Standard in the extraction phase, solid-phase microextraction,
calibration, 333
Standard water generating system, 326, 335
Standard-free kinetic calibration, solid-phase microextraction,
326, 335
Static headspace extraction, 25
air analysis, 254
flavor analysis, 272
Static liquid-phase microextraction, 137
Static superheated water extraction, 182
Statistics, 313
bias, 313
composite samples, 320
determinate error, 313
economic factors vs. sample quality. 319
increment size, 316
indeterminate error, 313
local heterogeneity in particulate materials, 316
quality assessment, 321
random error, 313
random number generation, 314
sample handling, 320
sample increment size in segregated populations, 318
sample increment size, 316
sample preparation, 313
sample size vs. sample composition, 317
sample size vs. sampling uncertainty, 317
sample storage, 320
subsampling of solid samples, 320
systematic error, 313
systematic sampling with random start point, 315
Statistics, sampling
design-based, 319
designs, 314
equipment selection, 320
errors, 313
model-based, 319
plans, 315
probability, 314
protocol,315-316

qualitative, 315
quality assurance, 320
quality control, 320
random, 314
sites, 319
solids, 316
stratified, 315
systematic, 314
Steady state conditions, 345
Steam distillation and extraction, flavor analysis, 270-271
Likens-Nickerson apparatus. 271, 276
Steroid analysis, derivatization. acylation, GC, 231
Stir bar sorptive extraction, 59
clinical samples, 298, 301
sol-gel. 419, 435
Storage of samples
biological specimens, 287
statistics, 320
Stratified sampling, 315
Subcritical water, 181
Subsampling of solid samples, 320
Succinimides, derivatization, amine analysis, 234
Sulfhydryl analysis, derivatization, 236
Sulfide analysis, passive sampling, 357
Sulfur compound analysis, in food, 279
Sulphonate displacement, derivatization, fatty acid analysis,
fluorescence detection, 229
Summa canisters, 254
Sunscreen analysis, passive sampling, 354
Supercritical fluid extraction, 191
chelating agents, 194
chiral selectors, 195
clinical samples, 286
coextraction, 192
coupled to capillary GC, 194
coupled to supercritical fluid chromatography, 194
critical point, 191-192
dynamic extraction, 193
extraction cell, 193
flavor analysis, 271
hydrophobic membrane, 194
lipophilic compound analysis, food and fragrance, 194
matrix effects, 192
method development, 195
off-line, 193
on-line, 194
polar analytes, 192
selection of supercritical fluids, 191, 192
static extraction, 193
vs. microwave-assisted extraction, 212
vs. Soxhlet, 191
Superheated water extraction, 181, 191
coupled extraction systems, 183
derivatization, extraction enhancement, 183
dynamic, 182
extraction kinetics, 185
microporous membrane extraction, coupled systems,
183
sample recovery, 183
static, 182
vs. direct thermal desorption, 186

Index
vs. hydrodistillation. 186
vs. Soxhlet, 185
vs. water distillation, 186
Supported liquid membrane. 125, 127
Surface equilibria, elevated solvent temperatures, enhanced
extraction, 165
Surfactant analysis, liquid-liquid extraction, 45
Susceptors, microwave-assisted extraction, 205, 213
Syringe sampling, headspace GC, autosampler hardware, 32
Systematic error, statistics, 313
Systematic sampling, 314-315
Tedlar bags, 254
Temperature. effect on partition coefficient, 27
Temperature-programmed desorption membrane introduction
mass spectrometry, 154
Template, molecularly imprinted polymers, 445
Temporal resolution, microdialysis, 105, 111
Therapeutic drug monitoring, 285
solid-phase microextraction, 375
Thermally assisted hydrolysis, derivatization, methylation,
227
Thermodynamic constants, determination. headspace GC, 36
Thermodynamics, extraction, 6
Thin film microextraction. 83
Thin films. diffusive gradients, 347
Thin layer high vacuum distillation, flavor analysis, 272
Thiol analysis, derivatization
chromophoric detection, 237
fluorescence detection, 237
thiol reactivity, 236
thiol stabilization, metal chelators. 236
Time-weighted average concentration, 325, 343
Time-weighted average sampling, 15, 17. See also Passive
sampling
solid-phase microextraction, 84-85
Tissue injury, microdialysis, 113
Titania-based sol-gel, capillary microextraction, 429, 434
Titania-hydroxy-terminated silicone oiU
polymethylphenylvinylsiloxane, sol-gel, 423
Tosylation, derivatization, phenol analysis. GC, 231
Total volatiles analysis, flavor analysis, 267, 280
Toxicology analysis, solid-phase microextraction. 374
Trace enrichment, solid-phase extraction, 57
Transfer efficiency, GC
liquid injection, 337
solid-phase microextraction injection. 337
Trap-and-release membrane introduction mass spectrometry,
150
Trapping
headspace GC, 29
superheated water extraction sample recovery, 183

491

Triazine analysis
liquid-liquid extraction, 43
superheated water extraction, 184
Type A and type B silicas, solid-phase extraction, 54
Ultrasonic mixing, derivatization, 227
Ultrasonication, biosensor samples, 399
Ultrasound assisted pressurized fluid extraction, 173
Ultra-violet filters, analysis, passive sampling, 354
Urine analysis, 288
Vacuum distillation, flavor analysis, 271
Vacuum-manifold system, solid-phase extraction, 59
Valve-and-Ioop sampling, headspace GC, autosampler hardware,
32
van der Waals forces, 269
Vapor pressure, flavor analysis, 268
Vegetable oils aroma analysis, 278
Vial size, headspace GC, 29
Volatile acid analysis, derivatization, 2,4-dinitrophenylhydrazine,
UV detection, 229
Volatile biomarkers of lung cancer, 300
Volatile drugs, analysis, solid-phase microextraction, 369
Volatile organic compound analysis
drinking water, 36
headspace GC, 36
membrane introduction mass spectrometry, 149, 151, 153
passive sampling, 355
purge-and-trap, 36
water and soil, microwave-assisted extraction, 215
wastewater, 36
Volatile pyrolysis product analysis, membrane introduction mass
spectrometry, 159
Volatiles analysis, headspace GC
in biological fluids, 34
in high-boiling oils, 36
Volume reduction, biosensor samples, 390
Wastewater analysis
passive sampling, 353-354. 357
volatile organic compounds, 36
Water analysis
membrane introduction mass spectrometry, 151-152
volatile organic compound, microwave-assisted extraction. 215
Water distillation, comparison to superheated water extraction,
186
Wine volatiles analysis, 276
xyz liquid-handling systems, solid-phase extraction, 60
Zero sink sorbent, 326
Zirconia-based sol-gel, capillary microextraction, 429, 434

