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WEXAFS see micro-extended X-ray absorption
structure
WXANES see micro-X-ray absorption near
edge structure
1p-LSM see one-photon laser scanning
microscopy
2D imaging, LSM 475-476, 475
2p-LSM see two-photon laser scanning
microscopy
3D imaging, LSM 475, 476, 477, 491-493,
492, 493
4D imaging, LSM 476-477
aberrations, in optical laser-induced breakdown
detection 576, 578
absorption edges, in X-ray absorption
spectroscopy 617
accessory techniques, used with
TEM 348-349
ACEF see autocorrelation function
acid polysaccharides (APS) 124-125,
136-137, 136
acoustic signals 556, 557, 570-571, 571,
579-584, 592, 602
actinides 202-205, 203, 204, 587-590, 588
added mass method 433-434
adhesion forces, in AFM 428, 441-446, 442
adsorption
of humic substances at inorganic colloid
surfaces 109
of labels for FCS 518, 519, 520-521, 526,
527
of samples for AFM samples 413, 414
see also binding
adsorptive stripping voltammetry (AdSV) 120
AEM see analytical electron microscopy
aerosols 349-350, 352, 595
aFIFFF see asymmetric flow field-flow
fractionation
AFM see atomic force microscopy

agarose gels 531, 537-544, 538, 539, 540,
543
aggregation
AFM 420, 422, 425-426
colloid—trace element binding 101
electron microscopy 370, 372-373,
385-388
electrophoresis interference 282
exudate structure 106—107
FCS 514-515, 533-537, 534-535,
534-537, 536
field-flow fractionation 254
of humic substances 254, 425-426,
534-537, 536
of organic matter in lake water 385-388
process analysis 370, 372-373, 420, 422
of schizophyllan 533-535, 534-535
aggregation artefacts, in AFM samples 415
alginate, AFM 424, 424
aluminium 196, 197—-199, 533, 534-535, 650
aluminosilicate colloids, LIBD 587-588, 588
americium 203-205, 204
amplitude, of extended X-ray absorption
structure signal 619, 619
analytical electron microscopy (AEM)
applications of 378-390
combined with X-ray absorption
spectroscopy 638
correlative procedures 365
techniques 347-349, 349-350
antibody fluorophore conjugates 474
apparent electrophoretic mobility 294
apparent surface complexation constants /8
APS see acid polysaccharides
aquatic colloids
AFM 422-428
definitions 162, 163, 164
FCS 516-517
field-flow fractionation 223-269
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aquatic colloids (continued)
LIBD 588-592, 589, 590-592, 591, 592
mass concentrations /60
sampling techniques for electron
microscopy 353-354
trace element interactions 95-140,
588-592, 589, 590-592, 591, 592
ultrafiltration 159-206, 165-167
see also natural waters
archaea 486, 486
arsenic 641
artefacts
in AFM 414, 415
in electron microscopy 357, 364
in FCS 523-525
filtration 97
secondary X-rays from AEM 355
Aspd Hard Rock Laboratory project 559,
590-592, 591, 592
asymmetric flow field-flow fractionation
(aFIFFF) 235-238, 235-238, 243
atmospheric colloids 349-350, 352
atomic force microscopy (AFM) 405-451
aquatic colloids 163, 164, 422-428
basic principles of 407-411, 408, 409, 410
cantilever spring constant 433-435
colloidal probe technique 428, 432-433,
432
correlative use of TEM with AFM and
STXM 383-385
instrumentation for 407-408, 408, 429-430
natural samples 11, 422-428
particle size distribution 5-6, 8
quantitative determination of colloid
dimensions 416-422
sample preparation for 411-416, 413, 414
surface force measurement 428-450
autocorrelation function (ACF), for FCS 511,
512-513, 514, 515, 516
autofluorescence 486
avalanche ionisation see cascade
multiplication

bacteria
adhesion force measurements 446, 447
colloid—trace element interactions 107-108
cyanobacteria 385, 386, 477
electrophoresis of soft colloids 332-333,
333, 334
LSM 469-498, 486
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metabolic states 489-491
barium 177, 179
base microscopes, for LSM 472-473
BDP see breakdown probability
beam damage, in X-ray absorption
spectroscopy 627, 627
Beer’s law 240
bent Laue crystals 625, 629
bentonite 422, 588-590, 589, 592-594, 593
binding
freshwater colloid—metals binding
strength 112-113
of humic substances to inorganic colloid
surfaces 109
of organic colloids to metals 105-107
trace element fate and behaviour 100-102
trace element—colloid interactions 117-122
binding sites 107, 110-111, 124
binning multiple events, in XAS 628, 628
bioavailability, of trace elements 100
biofilms 125, 470, 477, 517
biomineralisation 385, 386
biopolymers
adhesion force study 442, 443-444
AFM 418-422, 421, 422, 424425, 424,
442, 443-444, 448-450, 450
aggregation study 533-537, 534-535
contour lengths 418-420, 421
extension measurements 448-450, 450
FCS 533-537, 534-535
boundary conditions, soft colloid electrokinetic
equations 323-324
breakdown events see laser-induced breakdown
detection
breakdown probability (BDP), LIBD 556,
558-559, 566-572, 571, 579, 581
breakthrough volume method, of field-flow
fractionation 245
Brownian mode separation principle 227, 228,
230, 231, 231, 232
bubble detection, in LIBD 573

cadmium
in aquatic colloids 196, 197—-199
bacterial surfaces 107, 108
distribution coefficients 114-115
goethite surface complexes 104, 105
humic substances interaction with 632
marine colloid pools 132, 133
mussel uptake studies 101
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particle concentration effect 774
ultrafiltration permeation behaviour of 177,
178, 179
XAS 632
calcite precipitation by cyanobacteria 385, 386
calcium
concentration calculations for colloidal
fraction 116
marine colloids 124
size distributions in river water 258
ultrafiltration permeation behaviour
of 181-183, 182
Caldwell, Karin 225
calibration
AFM 407, 417
field flow fractionation channel
dimensions 244-245
ultrafiltration membranes 169, 171
cantilevers, AFM 407-411, 408
cantilever spring constants 407, 433-435
capillary electrophoresis (CE)
electroosmotic flow 289, 289
history of 281, 285, 287
literature survey 292-294
natural organic matter 291-298
sample plug volumes 288, 288
simple set-up 288
structural information 294-298
technique 287-291, 288
capillary gel electrophoresis (CGE) 298, 299,
300
capillary isoelectric focusing (CIEF) 298, 299,
300, 300, 301, 301, 302
capillary zone electrophoresis (CZE)
combined off-line with ESI-MS 303, 305
CZE-UV profile comparison with
FFE-TOC 304
ionic strength effects 295-298
natural organic matter 300, 301
pH effects 295-298
polyelectrolytes/charged particles 289-291
soil fulvic acid 302
technique 294-298
carbon-based colloid size distributions 257
carbon—iron mass ratio, of Pacific Ocean
waters 134
carrier phases 132-137, 250, 252
CARS see coherent anti-Stokes Raman
scattering microscopy
cascade multiplication, in LIBD 560-562,
560, 561, 567, 603
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cathodic stripping voltammetry 120
CCD cameras, in LIBD 557, 559, 569,
574-575
CE see capillary electrophoresis
cells
accumulation of nanoparticles 378
debris contamination study by electron
microscopy 381
identity analysis by LSM 485-486, 485,
486
nanoscale mineral agglomerates studied by
electron microscopy 381-382
surface biopolymer extension measurements
by AFM 449-450
trace element—colloid binding 107-108
zinc complexes, X-ray absorption near edge
structure 621, 622
see also bacteria
centrifugation
for AFM 413, 414
for electron microscopy 354, 358, 359, 360,
361
CF see concentration factor
CFF see cross-flow filtration
CFM see chemical force microscopy
CFUF see cross-flow ultrafiltration
CGE see capillary gel electrophoresis
channel cross-flow see flow field-flow
fractionation
charged particles 289-291, 3716, 319-321
chemcentric perspective 124, 162
chemical force microscopy (CFM) 407, 411,
445-446
chlorides 181-183, 182
chlorophyll 478, 478
chromium 196, 197—-199
CIEF see capillary isoelectric focusing
classical electrophoretic separations
281-287
classification of natural organic matter 109
Cleveland method 433-434
CLSM see confocal laser scanning
microscopy
clustered targets, for LIBD 568-569
C/N molar ratios 193, 194
coagulation 370
cobalt 177, 179, 196, 197—-199, 199, 632
COC see colloidal organic carbon
coherent anti-Stokes Raman scattering (CARS)
microscopy 489
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colloidal fraction concentration
calculations 116, 116
colloidal organic carbon (COC) 160, 185,
186-189, 190-192, 192
colloidal organic matter (COM) 160, 193-195,
193, 195, 426-428, 427
see also macromolecules; organic colloids
colloidal pools 96-99, 124
colloidal probe technique, in AFM 428,
432-433, 432, 437-440, 438, 439
colloidal pumping concept 101
colloid—ion comparison, LIBD 595
colloid—solution partitioning 133
COM see colloidal organic matter
computerised image analysis 367, 369-373
concentration factor (CF)
macromolecular permeation
behaviour 173-178, 179, 180, 181
optimum 183-185
trace metals and radionuclides 177, 178,
180
ultrafiltration permeation models 172-173
variable 171
confocal laser scanning microscopy (CLSM)
in correlated multi-method approaches 348,
383, 384-385
fluorescence recovery after
photobleaching 479
instrumentation for 473-474
microbiological samples 471
see also one-photon laser scanning
microscopy
confocal optics, FCS 510, 510, 511
confocal reflection contrast imaging 481, 481
confocal reflection imaging, LSM 480-481,
481
‘constant compliance region’, displacement
curve in AFM 409
constant field runs, FFF 246
contact mode, of AFM 410, 410
contaminant localisation in biofilms, LSM 489,
489
contaminant transport, electron
microscopy 378-380
contamination of samples, LIBD 596-597
continuous energy scanning methods, in
XAS 628, 628
continuous molecular weight-specific NIC
analysis (NIC.) 250
coordination environment
determination 618—-620, 619, 636
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copper
in aquatic colloids 196, 197-199, 199
distribution coefficients 114-115
humic substances interaction with 632
marine colloid interaction with 131-132,
133
roof runoff scavenging study by electron
microscopy 388, 389
size distributions in soil using
FIFFF-ICP-MS 257, 259
ultrafiltration permeation behaviour of 177,
178, 179
XAS 632
correlative methods, in electron
microscopy 347-348, 365, 383-385
covalent bonds
immobilisation techniques in AFM 416
labelling methods for FCS 518, 519,
521-525, 522, 526, 527
Craspedostauros australis 450, 450
cross correlation, in FCS 545
cross-flow filtration (CFF) 20, 121
cross-flow ratios 171, 183
cross-flow ultrafiltration (CFUF) 164,
165-167, 183-185, 248-249
crosstalk, in LIBD 584, 602
cryotechniques 361-362, 416, 631-632
cyanobacteria 385, 386, 477
CZE see capillary zone electrophoresis

damping factors, in extended X-ray absorption
structure 620
Darling River 265
Debye—Hiickel limit 290, 317
deconvolution, of LSM images 492-493
deep underground aquatic colloids 590-592,
591, 592
definitions
apparent/effective electrophoretic
mobility 294
aquatic colloids 162, 163, 164
colloidal dispersions 18
colloids 224
environmental colloids 1-3
IUPAC definitions 2, 19
particles 226
soft colloids 316, 316
dehydration see drying
Derjaguin/Miiller/Toporov (DMT)
model 442-443
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desorption of train-like polymer
conformations 442, 444
detection limits 580, 580, 640
detection systems, for FFF 240-244, 241, 242,
261
devices
for ultrafiltration 164, 165-167, 168
see also instrumentation
dextran—fluorophore conjugates 474, 482, 482
Df see fractal dimension
DGT see diffusive gradients in thin films
DIA see digital image analysis
diameter see particle size
diatoms 450, 450
diffusion, FCS 537-540, 538, 539, 540-544,
540, 543
diffusion coefficients
FCS 513, 515
fulvic acids, technique
comparison 530-531, 531
humic substances, FCS 528-531, 530, 531
importance of 9-10
Suwannee River 10, 11, 531
diffusion times, FCS 513, 515, 516
diffusive gradients in thin films (DGT) 9, 120,
121, 122123
digital image analysis (DIA) 496-497
digital micrographs from electron
microscopy 367, 369-373, 371
dimensionless electrophoretic
mobility 325-328, 325, 334
direct photo-ionisation, LIBD 559-560
disaggregation, of humic substances 534-537,
536
dispersive extended X-ray absorption
structure 625
dissolution, of inorganic colloids 423, 423
dissolved organic carbon (DOC) 7174, 185,
187, 188, 189
dissolved organic matter (DOM) 164, 193-195
dissolved phase comparison with colloids 99
distribution coefficients (Kp) 113-115
distribution function 329-330, 332-333, 333
DLS see dynamic light scattering
DLVO forces 435-440, 439
DMT see Derjaguin/Miiller/Toporov model
DNA
AFM 417, 418-422
see also nucleic acids
DOC see dissolved organic carbon
DOM see dissolved organic matter
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drinking water colloids 585, 585
drop deposition, of AFM samples 413, 414
drying

of AFM samples 412, 414, 415

of electron microscopy specimens 355, 357,

364
dual channel imaging, in LSM 480-481, 480,
481, 482

dyes see fluorophores; labelling; staining
dynamic light scattering (DLS) 646—647
dynamic processes

FCS 511

LSM 482-485, 484, 489-491, 497-498

EDXA see energy-dispersive X-ray analysis
EELS see electron energy-loss spectroscopy
EFM see electrical force microscopy
EF-TEM see energy-filtered transmission
electron microscopy
Elbe River flocs 492, 493
electrical field-flow fractionation (electrical
FFF) 225
electrical force microscopy (EFM) 407, 411
electrokinetics 292, 316, 317, 321-328, 325
electron diffraction 366, 367
see also selected-area electron diffraction
electron energy-loss spectroscopy (EELS)
electron microscopy 347, 348, 349-350
element analysis 373, 375, 377, 378, 379
electron microscopy (EM) 345-390
applications of 378-390
development 346-347
element analysis 373-377, 374, 375, 376,
378, 379
instrumentation for 349-350
physicochemical characterisation
techniques 357
qualitative observations 365-367
quantitative analysis 367-369, 368
sampling techniques 350, 352-354
specimen preparation for 354-364, 373
see also analytical electron microscopy;
environmental scanning electron
microscopy; photoemission electron
microscopes; scanning electron
microscopy; transmission electron
microscopy
electron number calculations, in
LIBD 566-572
electron-opaque selective probes 348
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electron spectroscopic imaging (ESI) 377
electron/X-ray interactions 615
electroosmotic flow (EOF) 289, 289
electrophoresis
bacterial soft colloids 332-333, 333, 334
capillary electrophoresis 287-294
capillary IEF 299, 300, 300, 301, 301
capillary zone electrophoresis 294—298,
302-303, 302, 304, 305
classical separations 281-287
free-flow electrophoresis 302-303, 303,
304, 305
history of 279-287
humic substances 334-337, 335
natural organic matter
characterisation 277-306
NOM preparative techniques 298-305
soft colloids 315-338
soft particles 319-328
Tiselius U-tube 280, 280
electrophoretic mobility
apparent/effective 294
humic substances 334-337, 335
scaling 295, 296
soft particles 317-319, 324, 325-328, 325
electrospray ionisation mass spectrometry
(ESI-MS) 303, 305
electrostatic forces 436-440, 537-540, 538
element analysis
by electron microscopy 373-377, 374, 375,
376, 378, 379
by FFF 247
by XAS 617, 619
element atomic ratio distributions 247
element-based size distributions 264
element molar ratio 265
ELNES see energy-loss near-edge structure
elution modes, in FFF 228, 230, 231, 231
EM see electron microscopy
embedding media 357, 359, 361, 472
energy-dispersive spectroscopy see X-ray
energy-dispersive spectroscopy
energy-dispersive X-ray analysis (EDXA) 225
energy-filtered transmission electron
microscopy (EF-TEM) 348, 377
energy-loss near-edge structure (ELNES) 377,
378
environmental scanning electron microscopy
(ESEM) 6, 7, 11
atmospheric samples 352
development 347
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particle size distributions 5-6
qualitative observations 365-366
specimen preparation for 355
enzyme activities 491
EOF see electroosmotic flow
epifluorescence 472
EPS see extracellular polymeric substances
equilibrium adsorption of fluorophores 518,
519, 520-521
equivalent diameter measurements 265
ESEM see environmental scanning electron
microscopy
ESI see electron spectroscopic imaging
ESI-MS see electrospray ionisation mass
spectrometry
estuarine waters 122—138, 163, 164, 165—166,
188
europium 557, 595
EXAFS see extended X-ray absorption
structure
exopolymeric substances see extracellular
polymeric substances
experimental error propagation 637-638, 638,
639
extended X-ray absorption structure (EXAFS)
data analysis 622-624
principles of 617, 617, 618—620, 619
spectral decompositions 636
trace element sorption 630, 631, 632
X-ray spectro-microscopy 640
extension behaviour of polymers 446-450,
450
extracellular polymeric substances
(EPS) 124-125, 381-382, 383385, 487
exudates, role in aggregation of
colloids 106—107

FA see fulvic acids
Faraday, Michael 279
FCS see fluorescence correlation spectroscopy
FEFF codes 623-624
FFE see free-flow electrophoresis
FFF see field-flow fractionation
FFFF see flow field-flow fractionation
FFM see friction force microscopy
FIB see focused ion beam
fibrillar biopolymers

AFM 424-425, 424, 427

electron microscopy 380

FCS 532, 533
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Gram-positive bacteria 332-333, 333, 334
polysaccharides 380, 424-425, 424, 532,
533
field-flow fractionation (FFF) 223-269
back calculation using standard of known
size 245
breakthrough volume method of 245
calibration of channel dimensions 244-245
colloidal size effects on 4, 6
constant field runs 246
detection systems for 240-244, 241, 242
element-based size distributions 264
element content distributions 247
FIFFF-ICP-MS method 254, 256, 257,
258, 259, 260
inorganic particles 261-267
membrane operating conditions for 250-252
NOM macromolecules size fractionation
by 247-260
non-spherical particles 264—-265, 265
operating conditions for 250-252
prefractionation of steric particles 239-240
retention modes 230-233, 231, 232, 233
retention theory 228-230, 228, 230
sample recovery 247
separation principle 226-228, 227
subtechniques in 233-239
validation of 253-254
void volume 245
field studies 185-205
filtration
colloid size measurement 99—100
inappropriateness of 140
nanofiltration membrane adhesion force
measurements 446
phase definition 3
of submicron particles 18
of trace elements in colloidal pools 97-98
see also ultrafiltration
fingerprinting 284, 293, 293, 294
FISH see fluorescent in situ hybridisation
FIC see freely jointed chain
FIFFF see flow field-flow fractionation
FLIM see fluorescence lifetime imaging
microscopy
flocculation of schizophyllan 533-535,
534-535
flocs
aluminium in NOM by small-angle X-ray
scattering 650
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LSM 469-498, 475, 485, 486, 490, 492,
493
river water study 492, 493
sample preparation 471-472
waste water treatment studies 485-486,
485, 486, 490
flow field-flow fractionation (FIFFF) 6, 10, 11
FCS comparison 530-531, 531
fields applied 227
FIFFF-ICP-MS method 254, 256, 257,
258, 259, 260
history of 225
LIBD 242
metal speciation studies 121
molar mass/size distributions 249-250
operating conditions 250-252
separation principle 226-227
size studies in trace element
complexation 100
technique 233-238
flow through measurements, LIBD 597, 597,
598
fluorescence, of X-rays 615, 616
fluorescence correlation spectroscopy (FCS) 6,
10, 11, 507-545
basic applications of 513-516, 516
environmental applications of 516-518,
519, 528-537
gel diffusion 537-544, 538, 539, 540, 543
high molecular weight polysaccharides 532,
533
humic substances (HS) 509-510, 518, 519,
528-531, 530, 531
labelling for 517, 518-528, 522, 523, 524,
527,532
principles of 510-513, 510, 511, 514
technique comparisons 508, 517, 530-531,
531, 540-541
fluorescence lifetime imaging microscopy
(FLIM) 473-474, 483, 484, 545
fluorescence mode
of XAS 624, 624, 625-626
of X-ray computed microtomography 645,
645
of X-ray spectro-microscopy 640
fluorescence recovery after photobleaching
(FRAP) 478-479, 479, 482-483, 517
fluorescence resonance energy transfer
(FRET) 483, 485
fluorescent in situ hybridisation (FISH) 486,
487, 494, 495
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fluorescent materials
for FCS 518, 519-525, 522, 524
for LSM 470-471, 474, 482, 482, 486488,
488, 494—495
fluoride 181-183, 182
flux density distribution in laser
focus 562-566, 564, 565, 566, 603
focal volume, in LIBD 562-567, 564, 603
focused ion beam (FIB) 362-363, 362
force measurements 405-407, 428—-450
force microscopy see AFM
force spectroscopy 446-448
force—distance curves 409, 410, 430-431, 431
Fourier transformations (FT) 620, 622, 623,
651
fractal dimension (Df) from electron
microscopy 370, 387-388, 387
fractionation artefacts, in electron microscopy
specimens 364
fractograms 246-247, 259, 260, 262
FRAP see fluorescence recovery after
photobleaching
free electron lasers 625
free-flow electrophoresis (FFE) 302-303, 303,
305
freely jointed chain (FJC) model 448
free molecular gases, transition to colloids in
water 568—-569
free solution electrophoresis 281-282
freeze-dried samples, for XAS 631-632
freeze etching, for TEM 361
freezing samples, for AFM 416
frequency of extended X-ray absorption
structure signal 619, 679
fresh waters
aggregation and sedimentation of organic
matter 385-388
colloidal actinides in 202-205, 203, 204
colloid-trace element binding in 110-122
electron microscopy 385-388
element molar ratio versus particle
diameter 264, 265
lake contamination studies 121, 121,
122-123, 379-380
molecular distribution of DOC 185-186,
187, 188
particle diameter versus element molar
ratio 265
river floc images from LSM 492, 493
size distributions of colloids in 257, 257,
258, 258, 259
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see also Suwannee River
Fresnel zone plates (FZP) 640
FRET see fluorescence resonance energy
transfer
friction coefficients, for FCS 514
friction force microscopy (FFM) 407
frit-outlet system 244
FT see Fourier transformations
full width at half-maximum (FWHM) 576,
577
fulvic acids (FA)
electrophoresis 293, 293, 302, 334, 335
FCS 516-517, 518, 528-531, 530, 531
LIBD 594
membrane adsorption 251
FWHM see full width at half-maximum
FZP see Fresnel zone plates

gases transition to colloids in water 568—-569
Gaussian functions 563, 564, 567, 570, 572,
605
gels
diffusion of ions in 537-540, 538, 539, 540
diffusion of macromolecules/colloids
in 540-544, 543
electric focusing, colloidal binding phases
evaluation 119, 119
electrostatic effects on ion
diffusion 537-540, 538
FCS 537-544, 538, 539, 540, 543
gelling properties of polymers 424-425,
424
geometric factors
in AFM 417, 417, 432-433, 432
in FFF 264-265, 265
in XAS 620, 621, 621, 632
geometry-sensitive crystal-field splitting 621
GFP see green fluorescent proteins
Giddings, Calvin 225
glass substrates 412-413, 413
global properties of submicron particles
21-37
goethite surface complexes 103, 104, 104, 105
gold substrates 413, 413, 416
gold—lectin conjugate markers 363, 364
Gopperet-Mayer, Maria 470
green algae 477
green fluorescent proteins (GFP) 524
grid types for TEM 355, 356
Grimsel test site (GTS) 559, 588-590, 589
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HA see humic acids
hard X-ray spectro-microscopy 639, 640—-641
Hauser, W. 559, 589
hectorite 423, 423, 630, 631
Helmholtz—Smoluchowski limit 317
Henry’s model 290
highly oriented pyrolitic graphite
(HOPG) 412-413, 413, 414
high molecular weight (HMW)
colloidal thorium-234 201
definition 161
polysaccharides 532, 533-535, 533,
534-535
see also fibrillar polysaccharides
ultrafiltration permeation
behaviour 173-176
history
capillary electrophoresis 281, 285, 287
electron microscopy 346-—347
electrophoresis of NOM 279-287
environmental scanning electron
microscopy 347
FFF 225-226
isoelectric focusing 280, 283-285
LIBD 556-559
polyacrylamide gel electrophoresis 282, 283
scanning tunnelling microscopy 407
TEM 346
HMW see high molecular weight
Hooke’s law in AFM 407
HOPG see highly oriented pyrolitic graphite
HS see humic substances
Hiickel-Onsager limit 317
humic acids (HA)
FCS 528-530, 534-537, 536
hydrodynamic diameter distributions 255
hydrodynamic radii 336
LIBD 594
membrane adsorption 251
permeability 336, 336, 337
humic substances (HS)
AFM 412, 414, 425-426, 426
aggregation study 254
for analysis of colloids 11
contamination study 379, 380
diffusion coefficients of 528-531, 530, 531
disaggregation study 534-537, 536
electron microscopy 379, 380
electrophoretic behaviour of 293-294, 293,
302, 334-337, 335

675

FCS 509-510, 518, 519, 528-531, 530,
531, 534-537, 536
field flow fractionation 254
FIFFF-ICP-MS 257
Humic Ion Binding Model VI 105, 106, 107
laboratory metal-binding studies 105-107,
106, 107
laboratory trace element binding studies
102
metal binding studies 105, 106, 107,
630-633
organic—inorganic interaction
studies 108—-109, 109
size distributions in soil 257
small-angle X-ray scattering 650
Suwannee River 529-531, 530, 531
XAS 630-633
X-ray spectro-microscopy 641-642, 643
Hutter—Bechhoefer method 434-435
hydrated environmental matter, for electron
microscopy 347, 349, 353
hydrodynamic aspects
diameter in humic acids 255
model parameters in soft colloids 328-332
radii in humic acids 336
sample injection for CE 287-289
hydrolysis-resistant covalent labelling 521
hydromorphic soils 352
hydrophilic media 357, 359, 361, 412-413,
413,472
hydrophobic forces 440
hydrophobic media 357, 412-413, 413
hydrophobic soil contaminants 445, 445

ICP-MS elemental analyser 225-226, 243
IEF see isoelectric focusing
ignition length 576, 577, 603
IHSS see International Humic Substance
Society
image analysis
AFM 417-418
electron microscopy 369-373, 371
LSM 491-493, 492, 493, 495-497
particle size distribution measurements 367
imaging techniques 474-477, 639-646
inner/outer sphere complexes 630
inorganic colloids
AFM 422-424, 423
FCS 509, 526, 527
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inorganic particles
FFF 261-267
laboratory trace element binding
studies 102-105
organic—inorganic interaction
studies 108-110, 109
instrumentation
AFM 407-408, 408, 429-430
asymmetric FIFFF 236
confocal LSM 473-474
electron microscopy 349-350
FFF 226-228, 227
LSM 472-474
sedimentation FFF 239
symmetrical FIFFF 235, 236, 237
interaction forces between environmental
surfaces 435-437
interdisciplinary multi-method
approaches 347-348
intermittent mode, of AFM 410, 410
International Humic Substance Society
(IHSS) 426
see also Suwannee River
International Union of Pure and Applied
Chemistry (IUPAC) definitions 2, 19
intramolecular suprastructures, extension force
measurements 449
intrinsic equilibrium constants 103
inverse bremsstrahlung 560-562, 560, 561,
567, 603
inverted microscopes 472
ionic substances
average concentrations in marine
colloids 126, 127, 127
diffusion in gels 537-540, 538, 539, 540
ionic strength effects 252, 295-298, 297
LIBD 557, 595
ultrafiltration permeation behaviour
of 181-183, 182
ionisation, LIBD 559-562
iron
in aquatic colloids 196, 197—-199
electron microscopy 380, 381, 382
humic substances interaction with 632
hydrolysis 633-635
in lake water 121, 121, 122-123
marine colloid interactions 130-131
partitioning in NOM 255
pH effects on oxides 104
phosphorus association with 374
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size distributions in iron-based colloids 257,
257, 258, 259
TEM-X-EDS analysis 374
ultrafiltration permeation behaviour of 779
XAS 621, 632, 633-635
X-ray spectro-microscopy 641
isoelectric focusing (IEF)
colloidal binding phases evaluation by 119,
119
development of 180, 283-285
preparative versus capillary 298, 299, 300,
300, 301, 301, 302
zone electrophoretic simulation of 286
isoelectric points 135
isoflux regions, in LIBD 565, 566
TUPAC definitions 2, 19

Johnson/Kendall/Robertson (JKR) model of
adhesion forces 442-443

karstic aquifers 379
KB see Kirkpatrick—Baez
Kp see distribution coefficients
kinetics
electrokinetics 292, 316, 317, 321-328, 325
of inorganic colloids from AFM 423-424,
423
of metal—colloid reactions 111-112, 171,
112
removal rate constants for surface-active
colloidal ligands 137-138
thorium-234 removal rate constants 138
zinc sorption on gibbsite/amorphous
silica 111, 712
Kirkpatrick—Baez (KB) focusing mirrors 640

labelling
for FCS 517, 518-528, 522, 523, 524, 527,
532
for TEM 363-364, 363
laboratory studies 101-111
lake waters
aggregation of organic matter 385-388
metal contamination studies 121, 121,
122-123, 379-380
studies by electron microscopy 379-380,
385-388
lambda scans from LSM 476, 477, 486
laponite clay colloids 422
laser-induced breakdown detection
(LIBD) 555-599
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applications of 584-595
development 556-559
experimental approaches in 573-584
FFF 241, 241, 242, 242, 261, 269
physics of 559-572
practical issues in 595-598
laser-induced breakdown spectroscopy
(LIBS) 557, 557, 578, 595, 603
laser-induced photoacoustic spectroscopy
(LPAS) 556, 603—-604
laser scanning microscopy (LSM) 469-498
applications of 485-491
future directions in 497-498
image analysis 495-497
image processing 491-493, 492, 493
imaging techniques 474-477
instrumentation for 472-474
microorganisms 469-498
quantitative imaging 481-485, 484
sample preparation for 471-472
selective treatment of subregions 478-479
sequential and simultaneous
imaging 477-478, 478
laser sources, for FCS 523
lateral colloid dimensions, from
AFM 416-418, 417
latex—schizophyllan aggregation
study 533-535, 534-535
Laue crystals 625, 629
lead
in aquatic colloids 196, 197-199
contamination study by electron
microscopy 379-380
cycling in Paul Lake 121, 121
distribution coefficients 114-115
humic substances interaction by XAS 632
marine colloid pools 132, 133
particle concentration effect /74
size distributions in soil using
FIFFF-ICP-MS 257, 259
ultrafiltration permeation behaviour of 177,
178
lectin—fluorophore conjugates 474, 486
lectin—gold conjugates 363, 364
Lennard Jones potential 409
LIBD see laser-induced breakdown detection
LIBS see laser-induced breakdown
spectroscopy
lift/hyperlayer mode 230, 23/
light scattering
dynamic 646-—-647
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FFF detection systems 240
LIBD 598
multi-angle 266-267, 266, 268
static 646—647
limit of detection (LOD) 580, 580, 640
lipids, staining for LSM 487, 487
liquid cells, for AFM 411-412
Live/Dead viability kit 490, 490, 495
LMW see low molecular weight
LOD see limit of detection
log-spiral bent Laue crystals 625, 629
low molecular weight (LMW)
materials 173-177
LPAS see laser-induced photoacoustic
spectroscopy
LSM see laser scanning microscopy

macromolecules
diffusion in gels 540-544, 543
FCS 540-544, 543
FFF 247-260, 262-263, 262
inorganic particle differentiation 262-263,
262
LSM 486-487
trace element associations 254-260
ultrafiltration permeation behaviour
of 173-176
see also organic molecules; polymers
magnesium 181-183, 182
magnetic force microscopy (MFM) 407, 411
M/Al atomic ratios 7128
MALLS see multi-angle laser light scattering
manganese 122-123, 177, 178, 179, 196,
197-199
manganese oxide 376, 379, 627, 627
marine waters
colloidal pool constituents 124
colloid—trace metal interactions 122—138
DOC size distribution 789, 191-192, 192
estuarine waters 122—138, 163, 164,
165-166, 188
organic gels under AFM 425
thorium isotopes colloidal residence
times 200-205, 200
ultrafiltration applications 165-166, 189,
191-192, 192
ultrafiltration behaviour 173, 174, 175, 176
mass balance of ultrafiltration membranes 171,
183, 184
mass concentrations of aquatic colloids 160
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mass distribution measurements 9
maximum intensity projection (MIP) 491
M/C atomic ratios 129
membranes 439-440, 439, 446
see also FFF membranes; ultrafiltration
membranes
mercury 196, 197-199, 199
metabolic states of microbial samples 489—-491
metal/aluminium atomic ratios 728
metal/organic carbon atomic ratios /29
metals
colloid interactions
binding reaction kinetics 111-112, /71,
112
binding strength in natural
systems 112-113
carrier phases 132—137
electron microscopy 349
in estuarine waters 122—138
in natural waters 98, 98
XAS 638-639
LIBD 558
oxides
adsorption of organic acids 71/
electron microscopic analysis 376, 379,
380, 381, 382
FCS 521, 526
mixed oxide future study directions 139
pH as important variable 104
XAS 627, 627, 633-635
X-ray computed microtomography 646,
646
sorption on environmental
particles 629-630
speciation study 120-122, 629-639
substrates for AFM 413, 413, 416
see also individual metals; trace elements
MFM see magnetic force microscopy
mica, AFM substrate 412-413, 413
microbiological particles, LSM 469-498
micro-extended X-ray absorption structure
(LEXAFS) 640
microorganisms see bacteria; biofilms; cells;
flocs
microparticles, as nanoparticle
aggregates 382-383
micro-X-ray absorption near edge structure
(WXANES) 640
migration see transport
MIP see maximum intensity projection
mixed oxides, future study of 139

INDEX

mobile apparatus, for LIBD 559, 576
mobility equation, for zone electrophoresis 290
mobility scaling, for electrophoresis 295, 296
‘model’ phases, in trace element binding
studies 101-110
model polymers, for FCS 527-528, 527
Model V/VI 105, 106, 107, 139
molar mass
calibration for FFF 252-253, 253
of colloidal organic matter used in
FIFFF 249-250, 251
equations 8
molar mass cutoff see molecular weight cutoff
molecular conformations
AFM 418-422, 421
train-like polymer desorption 442, 444
worm-like chain model 418-419, 448—-449
molecular integrity preservation, in FCS 524
molecular probes, for LSM 486
molecular weight cutoff (MWCO)
optimum concentration factor 184—185
preconcentration of organic matter for
FFF 248
ultrafiltration membranes 164, 168—169,
168, 169, 170
molecular weight (MW)
optimum concentration factor 183-185
ultrafiltration permeation
behaviour 168-169, 169, 173-176
see also particle size
Monte Carlo calculations 637-638, 638, 639
MPI see ultiphoton ionisation
MS see multiple scattering
multi-angle laser light scattering
(MALLS) 266-267, 266, 268
multi-labelling, for FCS 519-520
multi-method interdisciplinary
approaches 347-348
multiphoton ionisation (MPI) 559-562, 567,
604
multiple scattering (MS), in extended X-ray
absorption structure 623
multivariate analysis, in XAS 637
mussels, Cd/Zn uptake study in 101
MW see molecular weight
MWCO see molecular weight cutoff
Myers, Marcus 225

nanofiltration membranes, adhesion force
measurements of 446
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nanoparticles, aggregation to
microparticles 382-383
nanophases 254-260
Nanoplast resin 357, 359, 361
nanoscale mineral agglomerates 381-382
nanosecond laser-induced plasma
formation 560-562, 560, 561, 567
natural organic matter (NOM)
aggregation and sedimentation 385-388
capillary electrophoresis 291-298, 299
classical electrophoretic
separations 281-287
electrokinetic model 292
electron microscopy study 385-388
electrophoretic preparative
techniques 298-305
electrophoretic separation
techniques 277-306
FFF for size fractionation 247-260, 267
organic—inorganic interactions in 108—109
preconcentration of 248-249
size distribution in 185-192
submicron particles in 19
ultrafiltration use in field studies 185-195
natural waters
colloids in 18, 20, 422-428
percentage of colloidally bound metals in 98
submicron particles in 17-93
ultrafiltration applications to 165-167
see also estuarine waters; fresh waters;
marine waters
Navier—Stokes equation 321
near-edge X-ray absorption structure
(NEXAFS) 617
Newport Green stain, for LSM 489, 489, 495
NEXAFS see near-edge X-ray absorption
structure
NIC see normalised intensity comparison
NIC, see continuous molecular weight-specific
NIC analysis
NICCA model 105, 106, 107, 139
nickel 177, 178, 196, 197—-199, 199, 632
NMWCO see nominal molecular weight
cutoff
NOM see natural organic matter
nominal molecular weight cutoff
(NMWCO) 168-169
non-contact mode, for AFM 410
non-DLVO forces, in AFM 437, 440—-441
non-invasiveness, of LIBD 556, 597
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non-linear laser scanning microscopy see
two-photon laser scanning microscopy
normalised intensity comparison (NIC) 249,
250
nuclear waste
colloid associations with 587-588, 590,
592
see also radionuclides
nucleic acids
AFM of 417, 418-422
LSM of 475, 475, 487, 487, 494
number density of ionised molecules,
LIBD 569, 570

objective lenses, for LSM 472-473, 498
OECs see organic environmental colloids
Offord model 290
Ohshima’s model 317-318, 327
on-channel preconcentration approach, for
FFF 243, 244
one-photon FCS 511-512, 511
one-photon laser scanning microscopy
(1p-LSM) 470, 473-474, 480-481
see also confocal laser scanning
microscopy
on-line DOC detectors, for FFF 242, 249
optical microscopy, electron microscopy
comparison with 349
optical signals, LIBD by 574-578, 575, 576,
577, 578, 580-581
optical tweezers 429
optimum concentration factor, in
ultrafiltration 183—185
organic environmental colloids (OECs) 278
organic molecules
acids adsorption by oxides 771
carbon-based colloid size distributions 257
correlative use of TEM with AFM and
STXM 383-385
dissolved organic matter 164, 185, 187, 188,
189, 193-195
inorganic differentiation in FIFFF 262-263,
262
inorganic interactions in surface
studies 108—110, 109
particulate organic matter /60, 185
persistent organic pollutant ultrafiltration
studies 205
see also colloidal organic carbon; colloidal
organic matter; natural organic matter
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organic-rich colloids
AFM of 424-428, 424, 427
appearance under electron microscopy 349
LIBD of 594
staining and labelling for TEM 363-364,
363
trace element binding to 105-107
oxidation states, determination of 620—-621,
621
oxygen isotopes 183, 184

Pacific Ocean 134
PAGE see polyacrylamide gel electrophoresis
PAHs see polycyclic aromatic hydrocarbons
pair distribution function (PDF) 651-652, 652
paper electrophoresis 281-282
Pareto distribution 6, 8, 368, 372
particle concentration effect (p.c.e.) 113, 114,
115
particles
particulate phases—colloid comparison 99
rigid/soft distinctions 316-317
suspended particulate matter 117-118, 118,
160
use of term 226
particle size
AFM 416-422, 417, 419
characteristic for soft particles 330
Darling River colloids 265
diameter calculations 8, 264, 265, 265
differentiation of particles from colloids by
size 100-101
FCS 514, 517-518, 532, 533
flow-field fractionation 247-260, 265
fractionation of air samples for electron
microscopy 352
global properties 21-22
importance of 3-9, 99-100
LIBD 557, 558, 579, 580, 581-584
limits for colloids 2
in trace element complexation 99-100
particle size distributions (PSDs) 3-8, 4-5
acoustic LIBD 581-584, 583, 605
in carbon-based colloids 257
chemical species in aquatic systems 162,
163
colloidal radionuclides in natural
waters 203, 204
colloids in natural waters 20
DOC in estuarine environments /88

INDEX

electron microscopic quantitative
analysis 367-369, 368
element-based in FFF 264
FFF fractogram conversion 246-247
of iron-based colloids 257, 257, 258, 259
of natural organic matter 185-192
organic carbon in freshwater system /87
in Skagerrak sediment sample 268
particle—water partition coefficients 137-138
particulate organic carbon (POC) 185
particulate organic matter (POM) 160
partitioning
importance of the colloidal phase 115-116
metal-selective organic ligands 733
organic and iron-rich phases 255
particle—water partition
coefficients 137-138
thorium-234 in dissolved/colloidal/particulate
phases 202
thorium to marine colloids 730
see also distribution coefficients
passive electron reduction factors 620
Paul Lake, USA 121, 121
P. see permeation coefficients
PCBs see polychlorinated biphenyls
p.c.e. see particle concentration effect
PDF see pair distribution function
peak deconvolution method 255, 257
peat humic acids (PHA) 334, 336, 337, 337,
534-537, 536
PEEM see photoemission electron
microscopes
permeation
of dissolved organic carbon 169
of radionuclides 177, 179, 180, 181
of trace metals 177, 178, 181
in ultrafiltration 172-173
permeation coefficients (P.) 169, 172-173
persistence lengths, of biopolymers 418-420
persistent organic pollutants (POPs) 205
perturbation minimisation, in FCS 519, 524
PFG-NMR, FCS comparison with 530-531,
531
PHA see peat humic acids
phase, of extended X-ray absorption structure
signal 619, 619
phase definition, filtration steps 3
phase imaging, AFM 410-411
pH effects
capillary zone electrophoresis of
NOM 295-298, 296
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on colloid formation, LIBD 585-586, 586
distribution coefficient trends 115
FCS labels 523
metal binding to biological cells 108
on surface complexes 104-105
pH gradients 283-285, 488—-489
phosphorescence 513
phosphorus 374
photoelectric effects, of X-rays 615-616, 616,
617, 618
photoemission electron microscopes
(PEEM) 641, 642
photo-ionisation, LIBD 559-562, 604
photon flux density, in LIBD 563, 565,
574-578, 575, 604
photophysical properties, of fluorescent
dyes 523, 524, 525-527
physicochemical parameters
electron microscopy determination 351
of marine colloidal organic matter 135
physicochemical pathways, EM and AEM
applications 378-388
pK. values, of marine colloidal matter 135
planapochromatic lenses 472
plasma, in LIBD 556-557, 557, 604
plutonium 203-205, 204, 641
PMB see poly(methacryloyloxyethyldimethyl-
benzylammonium chloride)
POC see particulate organic carbon
Poisson—Boltzmann equation 291, 292, 321,
331
polyacrylamide gel electrophoresis
(PAGE) 282, 283
polychlorinated biphenyls (PCBs) 380
polycyclic aromatic hydrocarbons
(PAHs) 378-379, 380
polydentate anchoring moieties 521
polyelectrolytes
in zone electrophoresis 289-291
see also natural organic matter
polymers
adhesion force study of 442, 443-444
AFM 418-422, 424-425, 424, 442,
443-444, 448-450, 450
aggregation study 418-422, 533-537,
534-535
desorption in train-like conformations 442,
444
extension behaviour of 446-450, 450
FCS 527-528, 527, 533-537, 534-535
force spectroscopy 446-448
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gels, AFM 424-425, 424
molecular conformations 418—-420
shells on charged soft particles 316,
319-321, 328, 329-330
poly(methacryloyloxyethyldimethylbenzyl-
ammonium chloride) (PMB) 420, 421
polysaccharides
acid 124-125, 136-137, 136
contamination study by electron
microscopy 380
extension behaviour study by AFM 449
FCS 509, 522, 524-525, 526, 527
fibrillar 380, 424-425, 424, 532, 533
gels for FCS 537-544, 538, 539, 540, 543
high molecular weight study by FCS 532,
533-535, 533, 534-535
imaging by AFM 414, 416
labelling for FCS 522, 524-525, 526, 527,
532
staining for LSM 487, 487
staining for TEM 363, 363, 364
thorium-234/POC ratio carbohydrate
correlation 136-137, 136
polystyrene particles
in LIBD 558, 598, 599
in LSM 487, 488, 488
polystyrene sulfonate (PSS)
capillary gel electrophoresis 299
FFF 252-253, 253
POM see particulate organic matter
POPs see persistent organic pollutants
porous media 537-540, 538, 646, 646
see also gels
potassium 181-183, 182
power density, in LIBD 563, 565, 566, 567
power laws, of particle size distribution 368,
372
precipitate formation 633-635
see also aggregation; sedimentation
preconcentration of colloidal organic matter,
for FFF 248-249, 263, 263, 264
preparative electrophoretic
techniques 298-305
principal component analysis 637-638
probes, for LSM 470-471, 486, 494
propagation of experimental errors 637-638,
638, 639
proteins 486-487, 522-523, 524, 527
PSDs see particle size distributions
PSS see polystyrene sulfonate
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pure phases, relevance to colloidal
systems 110-113

purified peat humic substances see peat humic
acid

pyrolysis—GC-MS 195, 195

QD see quantum dot
qualitative observations, by electron
microscopy 365-367

Quantifoil films 356
quantitative analysis

AFM 416-422, 428-450

electron microscopy 367-369, 368,

373-378

LSM 481-485, 495-497

surface force apparatus 428
quantum dot (QD) 485, 498
quenching, in FCS 517, 520, 525-526

R see retention ratio
radial distribution functions (RDFs) 620
radionuclides
147Sm FIFFF-HR-ICP—MS fractogram 260
LIBD 587-588, 590, 592
mobility in surface and subsurface
waters 101
plutonium 203-205, 204, 641
transport, LIBD 587-588, 590, 592
ultrafiltration permeation behaviour of 177,
179, 180, 181
ultrafiltration studies in aquatic
systems 200-205, 200
uranium 177, 180, 181, 202—-203, 203
XAS 633
ratiometric imaging, by LSM 481-482, 482
R. see retention coefficient
RDFs see radial distribution functions
reflection imaging, by LSM 480-481, 481
rejection rates, ultrafiltration membranes 169,
170
relative humidity (RH), AFM conditions 412,
414, 415-416
resin embedding media, for TEM 357
retention coefficient (R.) 169, 173
retention modes, FFF 230-233, 231, 232
retention ratio (R), FFF 229, 230-233, 230,
232
retention theory, FFF 228-230, 228, 230, 234
Reuss, Ferdinand Friedrich 279, 281
RH see relative humidity

INDEX

Rhodospirillum rubrum 108

rigid particles, soft particle
distinctions 316-317

river water 265, 492, 493

see also Suwannee River

RMS see root mean square

roof runoff, copper scavenging 388, 389

root mean square (RMS), particle radii
calculations 266-267, 266

Ruska, Ernst 346-347

Sadler’s method 435
SAED see selected-area electron diffraction
sample injection 236, 236, 237, 237, 287-289
sample preparation
for AFM 411-416, 413, 414
for electron microscopy 354-364
for LIBD 596-598
for LSM 471-472
for XAS 625-629, 627
sample recovery, for FFF 247
sampling
aquatic colloids 96, 159-206
for electron microscopy 350, 352-354
electrophoresis 277-306
FFF 223-269
preconcentration 263, 263, 264
ultrafiltration 159-207
SANS, combined with SAXS and X-ray
microscopy 650
saturation, LIBD 569-570, 570
SAXS see small-angle X-ray scattering
scanning, see also laser scanning microscopy
scanning electron microscopy (SEM)
correlative procedures 365
environmental samples 352-353
instrumentation for 349
particle size distributions 5-6
qualitative observations 365-366
specimen preparation for 354-355, 358, 373
Tamar estuary sample 7
scanning probe microscopy (SPM) 407
scanning transmission electron microscopy
(STEM) 366, 378-379, 380
scanning transmission X-ray microscopy
(STXM) 348, 383-385
scanning tunnelling microscopy 407
scattering elements, in extended X-ray
absorption structure signal 619, 619
Scheutjens—Fleer theory 329
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schizophyllan 532, 533-535, 533, 534-535
SCM see surface complexation model
s-curves, in acoustic LIBD 571, 572, 579, 579,
581-584
SdFFF see sedimentation field-flow
fractionation
SDS-PAGE electrophoresis 119, 1719
SEC see size exclusion chromatography
second harmonic imaging microscopy
(SHIM) 498
sedimentation 101, 354, 385-388
sedimentation field-flow fractionation (SdFFF)
detection systems 243-244
fields applied 227
history of 225
LIBD 242
particle shapes 266
retention modes in 232
separation principle of 226-227
technique 238-239, 239
sedimentation flow field-flow fractionation
(sFIFFF) 249
sediment samples 268, 352—-353, 638, 639
selected-area electron diffraction (SAED) 348,
349, 366, 367
selective treatment of subregions, in
LSM 478-479
selenium 641
self-focusing, in optical LIBD 576-578, 578
SEM see scanning electron microscopy
semi-quantitative investigations, by TEM 366
sequential imaging, in LSM 477-478, 478
SFA see surface force apparatus
SFIFFF see sedimentation flow field-flow
fractionation
shape factors (SFs)
electron microscopy 370, 372
FCS 514, 515
FFF measurements 264-265, 265, 266
SHIM see second harmonic imaging
microscopy
silicon wafer substrate, for AFM 412-413,
413
silver, in aquatic colloids 196, 197-199, 199
simultaneous imaging, by LSM 477-478
single molecule study, by AFM 429, 448-450,
450
sinks, marine metal-binding colloids 136—137,
136
size, see also particle size
size-based definitions 1-2
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size exclusion chromatography (SEC) 254
size fractionation 247-260, 352
Skagerrak sediment sample 268
SLS see static light scattering
small-angle X-ray scattering
(SAXS) 647-650, 648, 649
smart stream splitting, in asymmetric
FIFFF 237
S04, ultrafiltration permeation behaviour
of 182, 183
sodium, ultrafiltration permeation behaviour
of 181-183, 182
soft colloids
bacterial 332-333, 333
biologically relevant examples of 316, 319,
332-333
boundary conditions of electrokinetic
equations 323-324
characteristic electrokinetic features
of 325-328, 325, 326
characteristic particle size of 330
definition 316, 316
distribution function evaluation 329-330
electrokinetic equations 321-323
electrophoresis 315-338
electrostatic and hydrodynamic model
parameters 328-332
space charge density 330-332
surface structure modelling of 376, 319-321
softness parameter 326, 326
soft X-ray spectro-microscopy 639, 641-643,
642, 643, 644
soils
colloid sampling techniques for electron
microscopy 352-353, 354
copper bound to 257, 259
electrophoretic behaviour of 293-294, 293
fulvic acid CZE 302
humic substances 257
hydrophobic contaminants 445, 445
lead bound to 257, 259
particle size distributions using
FIFFF-ICP-MS 257, 259
qualitative observations by SEM/ESEM 366
zinc in 257, 641
solution-phase speciation, of colloidal trace
metals and ligands 125-132
sorption kinetics, of metal—colloid
reactions 111-112, 111, 112
space charge density 330-332
spacers, for FCS 521, 526
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spatial resolution, of FCS 516
speciation information, by electron
microscopy 347-348
specific surface area (SSA), in colloid—trace
element interactions 98-99
specific UV absorbance (SUVA) 249
specimen grid types, for TEM 355, 356
spectral decompositions, XAS 635-636
spectral lines, FCS 523, 524
spectroscopic properties, of fluorescent
dyes 524, 525-527
sphalerite 621, 622, 640, 652, 652
spin coating techniques, for AFM
samples 414, 414
split thin-flow fractionation (SPLITT) 100
SPM see scanning probe microscopy;
suspended particulate matter
spray deposition techniques, for AFM
samples 414, 414
SR see synchrotron radiation
SSA see specific surface area
stable isotopes, colloidal organic
matter 193-195, 193, 195
staining
for LSM 471, 472, 475, 475, 478, 478, 481,
481, 485, 486487, 487
for TEM 357, 363-364, 363
standards, for FFF calibration 245
standing acoustic plane waves 558
static light scattering (SLS) 646-647
static loading method 435
STEM see scanning transmission electron
microscopy
steric forces 440-441
steric/hyperlayer mode 228, 230, 231, 232
steric inversion diameter 233
steric inversion point 230, 231, 232, 233
steric particles, prefractionation of 239-240
sticking coefficients, in AFM 446
stoichiometry, of iron and phosphorus
associations 374
Stokes diameter 265
Stokes’ law 359
Stokes—FEinstein relationship 513, 531
Streptococcus salivarius 332
strong ligands 120, 127, 131
STXM see scanning transmission X-ray
microscopy
submicron particles, in natural waters 17-93
substrates, for AFM 412-413, 413, 416
sulphur/metal interactions 631, 633

INDEX

supporting media, for samples 280, 355
supramolecular physical properties, FCS 508
surface-active colloidal ligands 137-138
surface coatings, of humic substances 113
surface complexation constants /78
surface complexation model (SCM) 102-103,
103, 107-108, 111, 113
surface force apparatus (SFA) 428, 430
surface forces, AFM 428—-450
surface layer heterogeneity, of soft
particles 327, 327, 328, 329-330
surface sorption
of metals 629-630
of samples for LIBD 597, 597
surface structure modelling, of charged soft
particles 316, 319-321
suspended particulate matter (SPM) 117-118,
118, 160
SUVA see specific UV absorbance
Suwannee River
diffusion coefficients 10, 11
electrophoretic electrokinetic model 292
humic substances
AFM 426
diffusion coefficient measurement
techniques 530-531, 531
electrophoretic mobility 334, 335
FCS 529-531, 530, 531
soft X-ray spectro-microscopy 643
pH effects on CZE 296, 297
symmetrical flow FFF (sFIFFF) 234-235, 235
synchrotron radiation (SR) 614-616
imaging and spectro-microscopy 639-646
XAS 616-639
X-ray scattering 646—652
Synechococcus 385, 386
SYPRO staining 486-487
Syto 9 staining 475, 475, 478, 478, 481
SYTOX staining 485, 486

10 see void time

Tamar Estuary 7

tapping mode, in AFM 410, 410

TEM see transmission electron microscopy

temporal resolution, of FCS 517

TEP see transparent exopolymeric particles

ternary interactions 108-110, 109

thermal noise method 434-435

thermodynamic equilibria, of colloid
formation 585-586, 586
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thickness of colloids, appearance under
electron microscopy 349
thiols, as marine metal-binding colloid
sinks 136-137, 136
Thompson scattering detection 573-574, 574,
605
thorium-234
carbohydrates/uronic acids percentage
calculations 136-137, 136
colloidal residence times in marine
waters 200-205, 200
kinetic removal rate constants 138
in marine colloids 125-126
partitioning in dissolved/colloidal/particulate
phases 202
ultrafiltration permeation behaviour of 177,
180, 181
thorium 127, 129, 130, 130, 131, 200-205,
200
threshold behaviour, LIBD 562, 602
time-lapse imaging, in LSM 476
Tiselius U-tube assembly 280, 280, 282
topographical imaging, by AFM 410, 416—428
total internal reflection microscopy 429
total particle scattering see pair distribution
function
trace elements
binding to biological cells 107-108
carrier phases 132—137
colloidal phase importance 115-116
colloid interactions 95-140
colloid size importance in
complexation 99-100
freshwater environments 110-122, 196,
197-199
laboratory binding studies 101-110
macromolecular organic matter
associations 254-260
marine environments 122-138, 196,
197-199
‘model’ phase binding studies 101-110
organic colloid interactions 105-107
reversibility/irreversibility of
interactions 134-135
solution-phase speciation 125-132
ultrafiltration permeation behaviour of 177,
179, 180, 181
XAS studies 629-630
transmission electron microscopy (TEM)
accessory techniques 348
applications of 378-388
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artefacts 357, 364
in correlated multi-method approaches 348,
365, 383-385
development 346
element analysis 373-378
environmental samples 352, 353
instrumentation for 349
particle size distribution
measurements 367-369, 368
physicochemical pathway analysis 378
qualitative observations 366—367
quantitative analysis 367-369, 368
specimen preparation for 354-364, 358,
360
value to water scientists 348—349
transmission imaging, by LSM 480, 480
transmission mode
of XAS 624, 624, 625-626
of X-ray computed microtomography 645,
645
transparent exopolymeric particles (TEP) 124,
125
transport
of contaminants studied by electron
microscopy 378-380
migration, of trace elements,
LIBD 588-590, 589
of radionuclides studied by LIBD 587-588,
590, 592
trace element uptake rates by aquatic
bacteria 108
Triticum vulgaris-TRITC lectin staining, for
LSM 478, 478, 494
two-dimensional PAGE 285
two-photon FCS 512
two-photon laser scanning microscopy
(2p-LSM) 470, 473-474

UDOM see ultrafiltered dissolved organic
matter
ultracentrifugation
for AFM 413, 414
for electron microscopy 354, 358, 359, 360,
361
ultrafiltered dissolved organic matter
(UDOM) 185
ultrafiltration
applications of 185-206
aquatic colloids in field studies 185-205
chemical species behaviour 172—185
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ultrafiltration (continued)
colloidal trace metals in natural waters 196,
197-199, 203, 204
devices 164, 165-167, 168
permeation models 172-173
persistent organic pollutants in natural
waters 205
radionuclides in aquatic colloids 200-205,
200, 203, 204
typical system 167
ultrafiltration membranes 168
adhesion force measurements 446
calibration 169, 171
integrity check 183
mass balance 171, 183, 184
MWCO 164, 168-169, 168, 169, 169, 170
permeation/retention coefficients 169
ultramicrotomy, for TEM 356-357, 358
ultra-small-angle X-ray scattering
(USAXS) 648
ultraspecific markers, for TEM 363, 364
ultrastructural characterisation, by
TEM 366-367
uranium-238 177, 180, 181
uranium 202-203, 203
uronic acids 136-137, 136
USAXS see ultra-small-angle X-ray scattering
uv
detectors for FFF 240, 241, 242
specific UV absorbance 249
UV-VIS detection for FFF 261, 262, 262

validation, of molar mass distribution by
FFF 253-254

vanadium 103, /104

van der Waals forces 437

vertical colloid dimensions, determination by
AFM 418, 419

viability of microbial cells, LSM 490-491,
490

viruses 381

vitrification, for TEM 361-362

void time (¢°), aFIFFF analysis 237

waste water treatment flocs, LSM 485-486,
485, 486, 490

water-immersible lenses, for LSM 473

water treatment problems, electron microscopy
study 383

wavelength-dispersive X-ray (WDX)
spectrometers 625, 640
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wavelength (lambda) scans, LSM 476, 477,
486
WAXS see wide-angle X-ray scattering
WDX see wavelength-dispersive X-ray
weighted average flux density, acoustic
LIBD 579
WHAM-V computer program 255
whole mounts, for TEM 357, 358, 373
wide-angle X-ray scattering
(WAXS) 647-650, 648, 649
worm-like chain (WLC) model 418-419,
448-449

XAFS see X-ray absorption fine structure
XANES see X-ray absorption near edge
structure
XAS see X-ray absorption spectroscopy
X-EDS see X-ray energy-dispersive
spectroscopy
X-ray absorption fine structure (XAFS) 617
X-ray absorption near edge structure
(XANES)
data analysis 622, 623
metal/humic substances interaction 632
principles of 617, 617, 620-621, 621,
622
spectral decompositions 636
X-ray spectro-microscopy 640, 641, 644
X-ray absorption spectroscopy
(XAS) 614-639
applications of 629-639
complementary methods 638
data analysis 621-624
experimental protocols 624-629, 624
principles of 615, 617-624, 617
sample preparation/stability 625-629, 627
sensitivity 636-637
soft X-ray spectro-microscopes 642—643
see also extended X-ray absorption structure;
X-ray absorption near edge structure
X-ray computed microtomography 640,
643-646, 645, 646
X-ray energy-dispersive spectroscopy
(X-EDS)
applications of 379
electron microscopy 347, 348, 349-350
element analysis 373-377, 374, 375, 376
secondary X-ray artefacts 355
X-rays
analysis techniques 613—-653
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interactions with matter 615-616, 616
synchrotron radiation 614-615
X-ray scattering 646—652, 648, 649
applications of 650
pair distribution function 651-652
small and wide angles 647-650, 648, 649
X-ray spectro-microscopy 639-646

Z-average, equations §

zinc
in aquatic colloids 196, 197-199, 199
bacterial surfaces 107, 108
distribution coefficients 114-115
FIFFF-ICP-MS 257
humic substances interaction with 632
mussel uptake studies 101
pair distribution function 652, 652
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sediment contamination 638, 639

in soil 257, 641

sorption on hectorite 630, 631

sorption kinetics on gibbsite/amorphous
silica 111, 112

sphalerite 177, 179, 640, 652, 652

ultrafiltration permeation behaviour of 177,
179

X-ray absorption near edge structure 621,
622

X-ray absorption spectroscopy 630, 631,
632, 638, 639

X-ray spectro-microscopy 640, 641

zirconium oxide 646, 646
zone electrophoresis see capillary zone
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