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Ab initio and molecular modeling, 246–247
Abiotic/biotic interactions, 39
Abiotic processes, 38–39
Absolute solvation coefficient, 237
Absorption, versus adsorption, 527
Acidity constants, prediction of, 238
Acidophilic bacteria, 67–68
Acidophilic organisms, Fe(II) oxidation via, 342
Acid-soluble fractions, 474

trace-element, 481–482
Acid-soluble trace element form, 468
Adsorbate, 98

“islands” of, 20
Adsorbed radiation dose, 523
Adsorbents, 98

different adsorption models for, 250
Adsorption, 20, 98, 216

ionic strength dependence in, 245–246
versus absorption, 527

Adsorption–desorption reactions
influences on, 22
ionic composition affecting, 468
of radionuclides, 525–526

Adsorption isotherm equations, 216
Adsorption mechanisms, spectroscopic

techniques for evidence of, 241–245
Aerenchyma, 291–292
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Aerobic–anaerobic interface zones, 352
Aerobic lithotrophic FeOB, 346–347
Aerobic photoreduction, of Fe(III), 343
Aerobic respiration, 345
Aerobic rhizosphere processes, 344–345
Aerobic soils, heterogeneous nucleation

in, 23
110mAg, 541–542. See also Silver entries
Aggregates

“architecture” of, 15
formation of, 13–16

Agronomic stabilization, 568–569
Air-drying

of sediment samples, 471
of soil samples, 470

Al3+. See also Aluminum entries
hydrolysis constants for, 380
in the rhizosphere, 281–282

Al–citrate aqueous complexation, chemistry of,
410. See also Aluminum–citrate entries

Al–citrate species, disagreement concerning,
398–399

Al–citrate systems, chemical models and
conditional formation constants for,
386–387t

Al-containing species, distribution of, 388,
390, 394
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Al hydroxide precipitation products, 9t. See also
Metal–Al hydroxide precipitates

Aliphatic acids, leaching and removal
performance of, 581

Aliquot method, 110
Al–organic complexes, removal of, 482
Al–organic solution complexes, 191
Alpha particles, 523
Al precipitation products, sorption behavior of,

174. See also Metal–Al hydroxide
precipitates

Al reaction pathways, 7
AlTS concentrations, 406–407
Aluminum (Al). See also Al entries; Co–Al

hydroxide surface precipitates; Metal–Al
hydroxide precipitates

acid–base speciation of, 376
citric acid dissociation and hydrolysis of,

379–380
in mineral soils, 7
stable complex formation with, 8

Aluminum–citrate interactions, 384–398. See
also Al–citrate entries

Essington model of, 397–398, 406
Gregor and Powell model of, 389, 406
Harris model of, 391–393, 406
Lakatos model of, 393–397, 406
Motekaitis and Martell model of,

388–389, 406
Öhman model of, 385–388
spectroscopic studies related to, 393–397
Venturini and Berthon model of, 390–391

Aluminum–citrate models, summary of,
398–399. See also Aluminum–citrate
interactions

Amadori compound, formation of, 11
Ameliorants, soil, 38–39
Amino groups, 21
Anaerobic conditions, Tc reduction under,

539–540
Anaerobic FeOB, 347
Anaerobic metal-reducing bacteria, 70
Anaerobic subsurface environments, microbial

activities in, 76
Anaerobiosis, arsenic desorption on, 326–329
Anion-exchange capacity (AEC), 280
Anionic-form trace elements, 187–194
Anions, sorption of, 187–188
Anoxic conditions, Cs mobilization and, 547
Anthropogenic activities

effects of, 608
radiation exposure due to, 524

Anthropogenic non-point pollution, 566
Antimonate, 543

Antimony (Sb), concentration in soils, 543
Antimony-125, 542–543, 544
Antimony radioisotopes, sources and fate of,

542–544
Aqueous complexation, 373–416
Arabidopsis thaliana gene encoding PC synthase

(AtPCS), 76
Arbuscular mycorrhizal (AM) fungi (AMF),

26–27, 62–63, 576
Aromatic amino acid groups, as binding

sites, 134
arrA gene, 324
ArsC enzyme system, 325
Arsenate

adsorption of, 244
concentrations of, 315
displacement of, 322
precipitation of, 320–321
reduction of, 324–325, 325–326, 331, 332

Arsenate desorption. See also Arsenate
sorption–desorption

effect of residence time on, 202–203
versus arsenite desorption, 322–324

Arsenate-respiring bacteria, 71
Arsenate sorption, 188, 189, 191–194

effect of phosphate on, 197t
inhibition of, 195

Arsenate sorption–desorption, 194
Arsenate uptake, concentration-dependent

kinetics of, 294
Arsenic (As). See also As entries

adsorption processes of, 315–320
aqueous chemistry of, 314–315
binding of, 315
chemistry of, 18–19
contamination with, 292
detoxification of, 324–325
dissolved concentrations and migration

of, 332
fate and toxicity of, 116
fate under anaerobic conditions, 332–333
hyperaccumulators of, 577
leaching of, 486–487
methylation of, 72
monitoring the fate of, 502–503
oxidation states of, 314
release of, 321
risk imposed by, 314
sorption–desorption of, 194
TCLP-leachable, 584
uptake of, 293

Arsenic contamination, 314
Arsenic cycling, biogeochemical processes

controlling, 313–338
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Arsenic desorption
on anaerobiosis, 326–329
on iron and arsenic reduction, 327–329
on metal reduction, 326–327
in soils and sediments, 321–324

Arsenic partitioning, pathways and changes
in, 330

Arsenic phases, precipitation of, 320–321
Arsenic reduction, 324, 330–331

arsenic desorption on, 327–329
Arsenic release, 327, 328

via ion displacement, 321–322
Arsenic resistance, bacterial, 58
Arsenic retention, 322–323

maximum on solids, 316–317t
in soils and sediments, 315–321

Arsenite
adsorption of, 320
inner-sphere complexes of, 322
precipitation of, 321
sorption of, 188, 189, 191–194

Arsenite desorption, versus arsenate desorption,
322–324

As(III), 314, 315
adsorption envelopes for, 318–319t
desorption of, 330
precipitation of, 320–321
sorption of, 193t
transport of, 329

As(V), 314, 315
adsorption envelopes for, 318–319t
dissimilatory reduction of, 328–329
precipitation of, 320–321
sorption of, 101, 191

As(V)-reducing organisms, 325
As(V) reduction, 331–332

implications of, 330
As(V)-respiring microorganisms, 325
Atomic absorption spectrometry (AAS),

487
Atomic fluorescence spectrometry (AFS),

487
ATR-Fourier transform infrared (FTIR)

technique, 115, 116. See also Fourier
transform infrared (FTIR) spectroscopy;
Time-resolved attenuated total reflectance
(ATR) Fourier transform infrared (FTIR)
spectra

Attenuated total reflectance (ATR) technique, 115
Attenuation mechanisms/processes, 526

natural, 581–582
Australia, remediation in, 591
Automated fractionation studies, 507
Autotrophic leaching, 74

Auxin production, by bacterial isolates, 59
Availability index, 36
A|| values, correlation with g|| values, 142
Average concentration quotient, 129
Average conditional concentration quotient, 130
Average stability constant, 129

Background electrolytes,
protonation–dissociation constants and
surface complexation constants for, 235

Bacteria. See also Geobacteraceae; Microbes;
Microbial entries; Microorganisms

aerobic rhizosphere, 344
arsenic-resistant, 325
As(V)-respiring, 325
denitrifying, 345
distribution of, 57
element uptake by, 26
metal resistance in, 61
nickel-resistant, 60
trace element sorption onto, 176

Bacteria diversity index, 59
Bacterial arsenate reduction, 330
Bacterial cell surfaces, highly reactive, 72
Bacterial communities

development of tolerance in, 57–58
serpentine, 60

Bacterial diversity, impact of metals on, 56
Bacterial Fe(III) reduction, 67
Bacterial surfaces, metal sorption and

precipitation on, 23
Barber–Cushman model, 276, 277
Batch macroscopic experiments, 110–111
Batchwise kinetic leaching, 501–503
Batchwise sequential extraction schemes, 476
Becquerel (Bq), 523
“Best-fit” surface complexes, 226–227
Beta radiation, 523
Bidentate binuclear bridging complex, 244–245
Bidentate binuclear complexes, arsenite, 320
Bidentate surface complexes, 243

inner-sphere, 244
Binding mechanisms, multiple, 322
Binding site, steric microenvironment of, 127
Bioassays

using microbes, 620
using worms, 619–620

Bioavailability. See also Metal bioavailability;
Phytoavailability; Trace element
bioavailability

assessing, 450
defined, 270–271
elemental speciation and, 430
lack of information on, 451
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Bioavailability (continued )
of radionuclides, 525–529
sequential extraction and, 444–448
toxicity and, 55
of trace elements, 204

Bioavailable trace metal fraction, 278
Biodiversity, terrestrial ecosystem stability and,

32–33
Biofilm bacteria, 69
Biogenic Mn oxides, 28–29
Biogeochemical gradients, in the

rhizosphere, 269
Biogeochemical processes

in arsenic cycling control, 313–338
in natural remediation, 36
rhizospheric, 37

“Bio-influenced” zone, 270
Biological cycling, 422
Biological Fe(III) reduction, 343

importance of, 352
rates of, 351

Biological metal precipitation, 76
Biological radiation dose, 523
Biological remediation technologies, 573–577
Biological systems

modifications by, 528–529
radionuclide uptake/assimilation

by, 527–529
Biomass, 24

incinerated, 592
soil microbial, 57
use in biosorption and chelation, 75

BIOMET biosensor, 620
Biomethylation, of selenium, 533
Biomineralization, 68, 72–74

of metals and metalloids, 27–29
microbial, 27

Biomolecules
complexing, 16–17
effect on metal/metalloid dynamics, 22
metal oxide transformation and, 7

Biophysico-chemical processes, in soil
environments, xiii

Biophysico-Chemical Processes in Environmental
Systems series, xv

Bioremediation, 573–574, 593–594
technology for, 38

Biosensors, bacterial, 270
Biosorbents, microbial, 75–76
Biosorption, 68
Biosurfactants, plant and microbially

derived, 588
Bond relaxation, 238
Borda, Michael J., ix, 97

Borderline metals, 16
Born solvation coefficient, 237
Born solvation free energies, 241

Cadmium (Cd). See also Cd entries
bioavailability of, 431
concentrations extracted from soils, 439t
influence on Chlorococcum, 433t
release of, 22
solid-phase speciation of, 482–483
sorption of, 176
toxicity of, 431

Cadmium-113 NMR (113Cd-NMR), 150
Cadmium availability index (CAI) values,

17, 444
Calcite, formation of, 73–74
Calcium (Ca). See also Cs–Ca selectivity;

PbCa–HA solid phase
role in Pb immobilization, 626
role in PR solubility, 613–614

Calcium oxalate crystals, influence on
biogeochemical processes, 73

Capacitances, 233–235
CaPbHA intermediary phase, 614. See also

Calcium entries; Hydroxyapatite (HA);
Lead entries

Capillary break layers, 590
Capillary electrophoresis (CE), 159
Capping, in situ, 588–590
Carbon (C), rhizodeposition of, 295. See also

13C-NMR entries; Dissolved organic carbon
(DOC); Organic carbon

Carbonated fluoropyromorphite, 621
Carbon dioxide, see pCO2 gradients
Carboxylate groups. See also COO- entries

role in Eu3+ binding to HS, 151
role in metal ion complexation, 136–138

Cation exchange, with synthetic resins, 159
Cation-exchange capacity (CEC), 280
Cationic contaminants, 243
Cationic element sorption, foreign ligands

and, 172
Cationic metal species, 68
Cation sorption versus pH plot, 174
Cd2+ complexes, sorbed on iron oxyhydroxide

minerals, 243. See also Cadmium entries
Cd2+ –HA complexes, stability constant of, 151.

See also Humic acids (HAs)
Cd2+ –HS complexes, 113Cd-NMR of, 150. See

also Humic substances (HSs)
Cd2+ ion concentration, in soil solutions,

431
Cd2+ speciation, 424–425. See also

Cd speciation
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Cd desorption
kinetics of, 200–201t
by phosphate, 202

Cd–ligand ion complexation, 187
Cd mobility, in phosphorus-amended soil, 186
Cd–organic associations, in soil solutions,

186–187
Cd–organic complexes, bioavailability of, 172
Cd–phosphate complexes, 186
Cd sorption, Ca concentration and, 177
Cd speciation, 299, 428, 432t. See also

Cd species
in soil solutions, 424–425
solid-phase, 444

Cd species
metal–organic complex-bound, 444
particulate-bound, 443, 482

CEEM soil project, 469
Cement-based S/S, 583–584
CEN standards, 469
Cesium (Cs). See also Cs entries; K–Cs

discrimination
adsorption properties of, 545–546
concentration dependence of, 547
fixation with time, 548
uptake by plants, 548–549

Cesium-135, 544
Cesium-137, 523, 524, 544–545, 546
Cesium radioisotopes, sources and fate of,

544–549
Charge balance, 230
Charge distribution multisite complexation

(CD-MUSIC) model, 221, 228–230,
248

capacitance values for, 235
surface functional group intrinsic constant

for, 236
Chelant extractors, 587
Chelate-assisted phytoextraction, 77
Chelated micronutrients, 434–435
Chelating agents, 576–577. See also Chelators
Chelators, concentration of, 586
Chemical equilibrium models, computer-based,

423
Chemical exchange rate, 150–151
Chemical extraction, 435
Chemical Fe(II) oxidation, versus microbial

Fe(II) oxidation, 347–349
Chemical Fe(III) reduction, versus microbial

Fe(III) reduction, 350–352
Chemical fractionation, 623–624
Chemical gradients

development of, 301
at the soil–root interface, 277

Chemical models, 451
of metal–citrate aqueous complexation,

382–406
Chemical reaction (CR) sorption rates, 99
Chemical reagents, modeling of kinetic curves

for, 502
Chemical remediation technologies, 577–588
Chemical speciation. See also Chemical species

models of, 130–131
using the MINTEQA2 model, 426–429

Chemical species, 420
Chemical surface complexation models, 220–247
Chemolithotrophic (autotrophic) leaching, 67–68
Chernobyl incident, 524
Chloride ions (Cl-)

complexes with trace elements, 180
effect on Cd uptake, 430

Chloropyromorphite, 609–610
Pb bioavailability and, 621

Chromate sorption, 191; 188–189, 190. See also
Cr entries

rate and quantity of, 192t
Chromatographic methods, disadvantages of, 159
Chromophores, 132
Citrate. See also Al–citrate entries;

Aluminum–citrate entries; Citric acid
entries; Iron(III)–citrate entries;
Metal–citrate entries

acid–base speciation of, 376
power to complex metals, 379
predicting the influence of, 410

Citrate ligand, 374–375
Citrate/metal ratios, 383
Citric acid, dissociation and hydrolysis of

iron(III) and aluminum, 375–382. See also
Citrate entries

Citric acid ionization constants, 378t
Citric acid moieties, ionization of, 377
Classical flow method, 111
Classical (solution) speciation, 420–421,

422–435. See also Solution speciation
Clay–humic interactions, 12
Clay minerals, sorption reactions on, 99
Clean cover barrier methods, 590
Clean surface covers, 589
Closed-loop leaching agent reutilization,

495–496
13C-NMR, 151. See also Carbon (C); Nuclear

magnetic resonance (NMR) spectroscopy
studies using, 389

13C-NMR resonance lines, chemical shifts
in, 392

60Co, solid–liquid distribution coefficients for,
532. See also Cobalt entries
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Co2+ adsorption, 243–244
Co–Al hydroxide surface precipitates, 106
Cobalt (Co). See also Co entries

adsorption of, 243–244
complexes with, 156–157

Cobalt-60, solid–liquid distribution coefficients
for, 532

Cobalt radioisotopes, sources and fate of,
530–532

Collaborative research, importance of, 119
Colloid surfaces, 425
Columbium (Cb), 537. See also Niobium entries
Column experiments, 491–492
Column leaching experiments, 491, 492
Common thermodynamic database project

(CTDP), 240–241
Community Bureau of Reference (BCR)

Programme, 479
Community Bureau of Reference three-stage

extraction procedure, 451
Competitive Gaussian distribution model, 131
Competitive proton binding model, 131
Competitive sorption, 177–180, 189–190, 204

of Cu and Zn, 178–180
effect of time and surface coverage on,

194–195
phosphate–arsenate, 194

Complexation capacity (CC), of humic
substances, 127–128

Complexation reactions
aqueous, 373–416
of metals, 16–17
of trace elements in cationic form, 172

Complexing biomolecules, 16–17
Complexing extractants, 436
Complexing ligands, 181–183
Complexing reagents, nonoxidizing strong, 485
Complex systems, collaborative research on,

119
Component addition sequence, effect on trace

element sorption, 195–199
Component additivity (CA), in surface

complexation models, 249–250
Comprehensive Environmental Response,

Compensation, and Liability Act
(CERCLA), 569

Computer-based geochemical modeling, 423
Computerized speciation models, 424
Computer optimization, 235
Concentration gradients, 277, 279

decreasing, 296
Concentration quotient, 129
Conditional concentration quotient, 129
Conditional stability constant, 129

Constant-capacitance model, 221–223, 425–426
capacitance values for, 233, 234
predictive capability of, 251
surface complexation constant values in, 235

Contaminants
electrokinetic migration of, 579
transport to organisms, 36–37
upward migration of, 589–590

Contaminated areas
in situ capping of, 588–590
preparing for vitrification, 592–593

Contaminated land, treatment of, 74–78
Contaminated sites

urgency level of, 570t
versus polluted sites, 566–567

Contaminated soils. See also
Metal-contaminated soils

excavation of, 590–591
particle-size separation of, 585
phosphate-induced lead immobilization in,

607–629
Continuous-flow analysis, 491
Continuous-flow systems, with closed extraction

chambers, 494
Continuous-flow technique, 111
Continuous multiligand distribution models, 131
Continuous phytoextraction, 77
COO- stretching vibrations, 137. See also

Carboxylate groups
COO--to-COOH absorption ratio, 136–137
Copper (Cu), bioavailability of, 434. See also

Cu entries
Copper amendment, impact on bacterial

community, 58–59
Copper complexes

divalent, 141–143
study by XANES and EXAFS spectroscopies,

153–156
Coprecipitates, formation of, 102
Cordierite production study, 114–115
Coupled iron oxidation–reduction, effects of, 355
Courchesne, François, ix, 267
Cr(III) sorption, 102, 178, 179. See also

Chromate sorption
Cr(VI) migration, 579–580
Criscenti, Louise J., ix, 215
“Critical zone,” reactivity in, 119
CrO2-

4 , adsorption isotherm of, 118. See also
Chromate sorption

135Cs, 544. See also Cesium entries
137Cs, 523, 524, 544–545, 546. See also

Radiocesium
Cs+ adsorption, 244, 247
Cs–Ca selectivity, 545. See also Calcium entries
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Cs–Na selectivity, 545. See also Sodium entries
Cu2+, octahedral binding site of, 155. See also

Copper entries
Cu2+ adsorption, binding mechanisms related to,

133–134
Cu2+ ESR pattern, analysis of, 142
Cu2+ –FA complexing, 134. See also Fulvic

acids (FAs)
Cu2+ –HS complexes, 156. See also Humic

substances (HSs)
ESR parameters of, 142

Cu behavior, reactions governing, 187
Cu-contaminated soils, 282
Cu contamination, 287–288
Cu ion toxicity, 430–431
Culture-based technique, 79
Cu–O bond lengths, 155
Cytosolic metal ion concentrations, regulation

of, 63

Decontamination, via bioremediation, 38
Denaturing gradient gel electrophoresis (DGGE)

profiles, 60
Depletion gradient, 275
Desferrioxamine B (DFOB), 284. See also

DFOB complexes
influence on Cu, Zn, and Cd sorption, 181
sorption of, 182

Desorption
effect of residence time on, 202–203
of trace elements, 199–203

Desorption agents, acids and bases as, 586–587
Desorption kinetics, 199–202
Detoxification, arsenic, 324–325
DFOB complexes, 184. See also

Desferrioxamine B (DFOB)
Dialysis, disadvantages of, 159
Diethylenetriaminepentaacetic acid (DTPA),

438, 436
leaching and removal performance of, 581

Differential pulse anodic stripping voltammetry
(DPASV) polarograms, 299

Diffuse double-layer model (DDLM), 221,
223–225, 425

Diffuse layer model
metal surface complexation constants in, 239
standardized database for, 239

Diffuse reflectance Fourier transform infrared
(DRIFT) spectroscopy, 138

Diffuse reflectance spectroscopy (DRS), 106
Diffusion-controlled passive sampler, 474
Diffusive gradients in thin film (DGT)

technique, 473
Dilution techniques, 591

Dimethylarsenic acid (DMAA), 314
Dipolar dephasing CPMAS 13C-NMR, 151.

See also Carbon (C); Nuclear magnetic
resonance (NMR) spectroscopy

Direct enzymatic reduction, 540
Discrete ligand approach, 130–131
Dissimilatory Fe(III) reduction, 342
Dissociation constants, 235–238
Dissolution agents, acids and bases as, 586–587
Dissolved metals/metalloids, gradients in,

281–283
Dissolved organic carbon (DOC), 283, 622

dependence on TE release rates, 494–495
Dissolved organic matter–solution speciation,

424–429
Distortion enhancement by polarization transfer

(DEPT) 13C-NMR, 151. See also Carbon
(C); Nuclear magnetic resonance (NMR)
spectroscopy

Distribution coefficient, 216–217, 525–526
Disulfide/disulfane S, 158
Dithionite salts, 484–485
Divalent copper complexes, 141–143
Divalent manganese complexes, 143–145
Dose equivalent, 523
Dynamic column extraction experiments, 491
Dynamic fractionation systems, 501

continuous-flow, 493
Dynamic metal/metalloid fractionation,

techniques for, 498–500t

Easily oxidizable fractions, 474
Easily reducible fractions, 474
ECOSAT program, 230, 236, 238, 424
Ecosystem, metal/metalloid impacts on, 29–39
Ecotoxicology, 30–32
Ectoenzyme gradients, 296–297
Ectomycorrhizal fungi (EcM), 286

metal-binding effect of, 63
Ectomycorrhizal infection, Cs uptake and,

549
EDTA extractrograms, comparison of, 507. See

also Ethylenediaminetetraacetic
acid (EDTA)

EDTA–ferrihydrite system, 195
EDTA–kinetic procedure, 502–503
EDTA wastewater, recycling, 587
Effective electrostatic radius, 237
Electrokinetic extrapolation, 234
Electrokinetic remediation, 577–580

success of, 579
Electrolyte system, effect of, 614
Electrolyte types, capacitance values for, 234
Electron-accepting processes, 345–346
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Electron–nuclear double resonance (ENDOR)
spectroscopy, 146

Electron paramagnetic resonance (EPR)
spectroscopy, 112. See also Electron spin
resonance (ESR) spectroscopy

Electron-spin echo envelope modulation
(ESEEM) spectroscopy, 146

Electron spin resonance (ESR) spectroscopy,
139–146, 140, 242. See also ESR entries

advantages of, 145–146
limitations of, 146
for studying VO2+ complexes, 143

Electron Zeeman effect, 139
Electrophoretic mobility, 245
Electrostatic component additivity approach, 250
Electrostatic effects, influence on complex

stability, 127
Electrothermal atomic absorption spectrometry

(ETAAS), 509
Elements

bioavailability parameters of, 421
influence of form on, 420
leaching kinetics for, 501
speciation of, 271

Emerson, David, ix, 339
Emission spectrum, 132
Empirical models, 216–220

limitations of, 219–220
Enclosed column systems, 491–492
End-over-end extraction procedures, 476
Energy-dispersive EXAFS (EDE), 112, 114. See

also EXAFS spectra; Extended x-ray
absorption fine structure (EXAFS)
spectroscopy; Quick-EXAFS (QEXAFS);
X-ray absorption fine structure (XAFS)
spectroscopy

Enhanced electrokinetic remediation techniques,
579, 580

Enthalpies of formation, 108
Environment, transformation of metals and

metalloids in, 4
Environmental biotechnology, microbial metal

and mineral transformations in, 74–78
Environmental constraints, on depth distribution

of roots, 273
Environmental exposure assessment, 35
Environmental management, 608
Environmental science, xv
Environmental systems

second-harmonic-generation spectroscopy in
studying, 116–117

study of, 115
Enzymatic activity, in soil, 33
Enzymatic Fe(III) reduction, 351

EPR stop-flow (EPR-SF) technique, 112
Equilibrium-based sequential extraction

procedures, 474–490
Equilibrium dialysis-ligand exchange

(EDLE), 159
Equilibrium surface protonation constants,

predictive equations for, 236–237
Equilibrium surface protonation equation, 236
Ericaceous mycorrhizas, 63
ESR analysis, 145–146. See also Electron spin

resonance (ESR) spectroscopy
ESR spectra, 140, 141

of Mn2+, 145
parameters for, 142

Essential trace elements, 170
Essington, Michael E., ix, 373
Essington model

of aluminum–citrate interactions,
397–398, 406

of iron(III)–citrate interactions, 401–403,
404, 409

Ethylenediaminedisuccinic acid
stereoisomers, 588

Ethylenediaminetetraacetic acid (EDTA), 436,
505–506, 576, 577, 586. See also EDTA
entries; Ni–EDTA entries

leaching and removal performance of, 581
salts of, 485
TE extraction by, 502

Europium ion (Eu3+) binding, to humic
substances, 151

EXAFS spectra, 153. See also Extended x-ray
absorption fine structure spectroscopy
(EXAFS); Quick-EXAFS (QEXAFS);
X-ray absorption fine structure (XAFS)
spectroscopy

of Fe3+ –and Mn2+ –HA complexes, 157
Excavation, of contaminated soil, 590–591
Exchangeable species, 436
Exchangeable trace element form, 468
Exchangeable trace element fractions, 480–481
Excitation spectrum, 132
Exopolyphosphatase (PPX), 61
Experimental methods, non-spectroscopic, 159
Ex situ remediation techniques, 573
Ex situ vitrification, 592
Extended x-ray absorption fine structure

spectroscopy (EXAFS), 112, 113, 114, 152,
242, 244, 246, 450. See also EXAFS
spectra; Quick-EXAFS (QEXAFS)

Extracellular polymeric substances (EPSs), 69
Extracellular polysaccharides (EPSs), 13
Extractable metal contents, comparison of, 505t
Extractants, examples of, 437t
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Extracting reagents, for Se fractionation, 487
Extraction procedure toxicity test (EP-TOX), 570
Extraction processes/schemes

expediting, 490–491
pH changes during, 494–495
sequential, 440–444

Extraction tests, 204
Extraction time, extent of readsorption and, 497
Extractograms, 501, 503

comparison of, 506

FA–metal binding curves, 134. See also Fulvic
acids (FAs)

Fast exchange, 150–151
Fe(II)/Fe(III) redox couples, 18, 19. See also

Iron entries
Fe(II) oxidation, 18

coupling with Fe(III) reduction, 352–354
rates of, 341

Fe(II)-oxidizing bacteria (FeOB), 341, 348–349
influence on iron–metal interactions, 360–361
lithotrophic, 346–347

Fe(II) oxygenation, kinetics of, 20t
Fe(III)–citrate aqueous complexation, chemistry

of, 410. See also Iron(III) entries
Fe(III)–citrate complexation model, 401
Fe(III)–citrate solutions, electrospray mass

spectra of, 405
Fe(III)–citrate speciation, 399–400
Fe(III)–citrate systems, aqueous speciation

of, 402t
Fe(III)-containing species, distribution of, 404
Fe(III) (hydr)oxides

bioreducible, 326
congruent dissolution of, 326–327

Fe(III) oxides, microbial reduction of, 67
Fe(III) reducers, rhizosphere, 350
Fe(III)-reducing bacteria (FeRB), 342. See also

Fe(III)-reducing microbes (FeRB);
FeOB–FeRB interactions; FeRB isolates

influence on iron–metal interactions, 360–361
metal sorption and, 361

Fe(III)-reducing microbes (FeRB), 349
in the rhizosphere microbial community, 350

Fe(III) reduction, 332, 333
abiotic, 343
microbial versus chemical, 350–352
by sulfides, 342–343

Fe(III)TS concentrations, 406–409
Fe2+ –HA complexes, 147–148. See also Humic

acids (HAs)
Fe3+ complexation, 150
Fe3+ –FA complexes, 148–149. See also Fulvic

acids (FAs)

Fe3+ –HA complexes, 148–149. See also Humic
acids (HAs)

Fe–As-reducing bacteria, 332
Fe-complexing compounds, 297
Fe-cycling microbes, assessing the activity of,

361–362
Fe deficiency, 300
Fedotov, Petr S., ix, 467
FEFF simulations, for Pb2+ bound to HS, 156
FEFF software, 153
57Fe isotope, 147
Fendorf, Scott, x, 313
FeOB–FeRB interactions, 352–356. See also

Fe(II)-oxidizing bacteria (FeOB);
Fe(III)-reducing bacteria (FeRB);
Fe(III)-reducing microbes (FeRB)

FeOB strain TW2, 347
FeOOH, precipitation of, 18. See also Ferric

(hydr)oxides; Hydrous ferric oxides; Iron
oxyhydroxides

Fe–organic complexes, removal of, 482
Fe oxides

associations with other metals, 358
distinguishing from Mn oxides, 479
formation and transformation of, 8–9

FeRB isolates, 350. See also Fe(III)-reducing
bacteria (FeRB); Fe(III)-reducing microbes
(FeRB)

Ferric (hydr)oxides, reductive dissolution of,
327. See also FeOOH; Hydrous ferric
oxides; Iron oxyhydroxides

Ferric iron, 340
Ferric iron complexes, 157

ESR signal of, 140–141
Ferric oxide, protonation–dissociation constants

and best estimates for, 235–236
Fe transformation pathway, 331
Fickian diffusion model, 177
Field model, of iron(III)–citrate interactions,

400–401, 403, 406–409
Field sampling, uncertainty related to, 469
Field studies, on toxic metal effects, 57
Fine-grained particles, contaminants in, 471
FITEQL computer model, 233
FITEQL program, 230, 235, 238, 239, 249
Fixation mechanisms, 526
Fixed cations/anions, 526
Flame atomic absorption spectrometry

(FAAS), 509
Flow-injection analysis, 491
Flow-injection assemblies, 495–496

limitations of, 496
Flow-through fractionation procedures, 490–497
Flow-through macroscopic experiments, 110, 111
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Flow-through methods
assets of, 507
with off-line detection, 503–508
with online detection, 508–509

Flow-through microcolumn approach, 495
Flow-through microdialysis, 473–474
Fluorescence emission spectra, 133
Fluorescence emission peaks, wavelength shifts

of, 134
Fluorescence excitation spectra, 135
Fluorescence quenching effect, 133
Fluorescence spectroscopy, 132–136

advantages of, 135–136
limiting aspects of, 134–135

Fluoropyromorphite, 621
Flushing fluids, 580, 581
Fluxes

longitudinal, 276
modeling, 276

Foreign ligands, trace element sorption and, 180
Fourier transform infrared (FTIR) spectroscopy,

115, 116, 138, 242. See also Time-resolved
attenuated total reflectance (ATR) Fourier
transform infrared (FTIR) spectra

Fractionation
of As, Se, and P, 486–487
chemical, 623–624
for Fe(III) reduction, 351
of Pb, 617
of trace elements in soils and sediments,

467–520
Fractionation analysis, 468, 509
Fractionation procedures/techniques

dynamic metal and metalloid, 498–500t
flow-through, 490–497

Fractions, classification of, 474
Free ion activity model (FIAM), 450
Free ionic concentration, 187
Free metal ion hypothesis, 17, 428
Freeze-drying, of sediment samples, 471
Freezing, of wet sediments, 471
Frequency shifts, 138
Fresh extractant volumes, continuous provision

of, 491
Freundlich adsorption isotherm equation,

217–218
Fructosylglycine, 11
FTIR spectra collection, 115. See also

ATR-Fourier transform infrared (FTIR)
technique; Fourier transform infrared
(FTIR) spectroscopy; Time-resolved
attenuated total reflectance (ATR) Fourier
transform infrared (FTIR) spectra

Fulvic acids (FAs), 126, 423. See also FA–metal
binding curves

Fulvic functional groups, 426
Functionally defined speciation, 421, 435–439
Fungal vacuole, role in cytosolic metal ion

regulation, 63
Fungi. See also Arbuscular mycorrhizal (AM)

fungi (AMF); Ectomycorrhizal fungi
(EcM); Melanized fungi; Mycorhiz- entries;
Soil saprotrophic microfungi

Cs uptake by, 549
effect of toxic metals on, 62–63
element uptake by, 26
as metal ion sorbents, 68

Gadd, Geoffrey M., x, 53
Gaines–Thomas selectivity coefficient, 545
Gamma radiation, 523
Gaussian distribution models, 131
Gel filtration chromatography (GPC), 159
Generalized composite (GC) approach

applications of, 251
in surface complexation models, 250–252

Generic surface sites, protonation–dissociation
constant values for, 236

Genomic sequences, use in mechanism
surveys, 61

Geobacteraceae, 342
Geochemical models

computer-based, 423
solution speciation predictions offered by, 429

Geochemical reactions, in iron cycling, 340
GEOCHEM program, 271, 423–424
Geomedical problems, soil science solutions

to, 30
GEOSURF program, 238
Gibbs free energy, 236, 238
Gibbsite

aluminum concentration supported by, 407
equilibrium solubility of, 379, 406

Global ion cycling, 29–30
Goethite

equilibrium solubility of, 406–409e
Fe(III)TS concentration supported by, 408

Gold (Au), reduction and precipitation
of, 70

Goldberg, Sabine, x, 215
Gradients

in dissolved metals/metalloids, 281–283
in solid-phase metals and metalloids, 277

Gräfe, Markus, x, 565
Granular activated carbon (GAC), for metal

removal, 587
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Gregor and Powell model, of aluminum–citrate
interactions, 389, 406

g|| values, correlation with A|| values, 142

Half-life, 523
Halide complexation, 580
Harris model, of aluminum–citrate interactions,

391–393, 406
HA surface, metal complexation at, 611. See also

Hydroxyapatite (HA)
Haudin, Claire-Sophie, x, 521
Heavy metal/metalloid fate, organic substances

involved in, 297–300
Heavy metal/metalloid mobility, 300
Heavy metals

adsorption of, 241
bioavailability of, 438
contamination by, 608
increasing gradients in, 278–279
plant uptake of, 434t
pollution induced by, xiii
in the rhizosphere, 357
in serpentine soils, 59–60
toxicity studies of, 430–431

Herbel, Mitchell J., x, 313
Heteronuclear multiple quantum coherence

(HMQC), 152
Heteronuclear overhauser effect (HOE), 152
Hexahydrated Mn2+ complexation, 150
Hg2+ adsorption, 246
Hg2+ complexation, EXAFS study of, 158. See

also Mercury(II) complexes
Hg-contaminated wetland, in situ remediation

of, 582
Hg–LIII edge spectra, 158
Hg sorption, 178
High-density polyethylene (HDPE) liners,

589–590
High-performance cation-exchange

chromatography (HP-CEC), 159
High spatial resolution techniques, 118–119
High-time resolution studies, 114
Hinsinger, Philippe, x, 267
H+ ions, diffusion coefficient and ionic mobility

of, 579. See also Proton entries
HOE spectroscopy (HOES), 152
Homogeneous precipitates, 101
Homogenization, of soil samples, 470
Horizontal Project, 469
“Hot spots,” 590
HS binding site heterogeneity, models

characterizing, 131. See also Humic
substances (HSs)

HS complexation, effects on 1H relaxation times,
149–150

HS ligands, CC values of, 134
HS structural components, nature and reactivity

of, 138
Huang, Pan Ming, x, 3
Humic acids (HAs), 126, 423

aromaticities of, 151
Cu2+ in, 156
Mo(V)-enriched, 145

Humic functional groups, characterizing, 426
Humic substances (HSs), 126. See also HS

entries; Metal–HS entries; Metal–humic
entries

arsenic adsorption by, 315
carboxylate binding site in, 137
complexation capacity of, 127–128
complexing sites in, 21
complex nature of, 128
ESR signal from, 140–141
fluorescence of, 132–133
fluorescence quenching by Cu2+, 134
formation of, 9–13
interaction products of, 12
IR spectra of, 136
as a “multiligand” complexing system, 127
as scavengers of trace elements in cationic

form, 173
stability constants and, 151
UV–Vis spectra of, 132
VO2+ doping of, 143

HYDRAQL program, 238, 424
Hydraulic lift, 275
Hydrocarbons, effect on soil microbial

community, 56
Hydrogen chloride (HCl), as a desorbing

agent, 587
Hydrogen peroxide, for oxidizable fraction

separation, 485–486
Hydrolysis

of aluminum, 379–380
of iron(III), 380–382, 400

Hydrous ferric oxides, 348. See also FeOOH;
Ferric (hydr)oxides; Iron oxyhydroxides

Hydroxyapatite (HA)
in decreasing Pb, 615–616
dissolution of, 614
Pb reaction with, 610–611
in reducing Pb concentrations, 619
treating Pb-contaminated alkaline soil

with, 619
Hydroxy–metal complexation reaction, 226
Hydroxypyromorphite, 610, 611, 614, 621
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Hyperaccumulator plants, characteristics of,
574

“Hyperaccumulators,” 77–78
Hyperfine coupling constant, 139, 142
Hyphenated microanalytical technique, 508
Hysteresis, of trace element cation

sorption–desorption, 177

Incineration, 592
Indigenous communities, anthropogenic stress

on, 60–61
Indirect enzymatic reduction, 540
Inductively coupled plasma-atomic emission

spectrometer (ICP-AES), 494
multielemental detection capabilities of,

508–509
Inductively coupled plasma-mass spectrometry

(ICP-MS), 487
multielemental detection capabilities of,

508–509
Infrared (IR) spectroscopy, 115; 136–138, 242

applied to HS–metal complexes, 138
Inner-sphere bidentate surface complexes,

243, 244
Inner-sphere complexes, 21, 98, 127, 146,

155, 157
arsenite, 322

Inner-sphere sorption, 188
Inner-sphere surface complexes, Pb, 612
Inorganic ligands, 172

competitive sorption with trace elements,
194–195

effect on trace element desorption, 199
effect on trace element sorption, 180–184,

190–194
sequence of addition of, 199

Inplace inactivation, 568–569
In situ capping, 588–590
In situ cement-based S/S, 583
In situ immobilization techniques, 608
In situ remediation, 572–573

strategy and management of, 622
In situ soil flushing, 580–581
In situ stabilization, 568–569
In situ vitrification (ISV), 592
International Atomic Energy Agency

Databank, 528
International Conference on the Biogeochemistry

of Trace Elements (ICOBTE), 268
International Union of Pure and Applied

Chemistry (IUPAC), book series from, xv
International Union of Radioecology (IUR)

Databank, 528, 541
Interstitial soil solution, in situ sampling of, 507

Intracellular metal concentrations, regulation
of, 63

Intrinsic equilibrium constants
for the diffuse double layer model, 224
in expressions, 222
triple layer model, 227

Inverse detection heteronuclear multiple quantum
coherence (HMQC), 152

Ion adsorption mechanisms, 241–247
Ion-association model, 422
Ion displacement, arsenic release via, 321–322
Ion-exchange membranes, 438
Ionic strength effects, 245–246
Ion pairing reactions, 229
Ion-selective electrode (ISE) potentiometry,

159
Iron (Fe). See also Fe entries

arsenic desorption on, 327–329
bioavailability of, 293–294
interactions with other metals, 356–361
microbial cycling of, 340
oxidation of, 341–342

Iron(III). See also Fe(III) entries
acid–base speciation of, 376
citric acid dissociation and hydrolysis of,

380–382
hydrolysis constants for, 381t

Iron(III)–citrate interactions, 399–403
direct characterizations of, 403
Essington model of, 401–403, 404, 409
Field model of, 400–401, 403, 406–409
Königsberger model of, 401, 403, 409

Iron(III)–citrate models, summary of, 403–406.
See also Iron(III)–citrate interactions

Iron(III)-reducing microbes, metal mobility and,
360–361. See also Fe(III)-reducing
bacteria (FeRB)

Iron assimilation, 64–65
Iron cycling, temporal changes in, 354–356
Iron–metal interactions, microbes and, 360–361
Iron oxidation, in the rhizosphere, 346–349
Iron oxides, reduction of, 483
Iron oxidizers, bacterial, 71
Iron oxyhydroxides, dissolution of, 484. See also

FeOOH; Ferric (hydr)oxides; Hydrous
ferric oxides

Iron plaque, 341, 346, 358–359
binding of arsenic to, 359
metals in, 357–358

Iron-reducing microbes, 342
Iron reduction, 67; 331, 332, 342–343

in the rhizosphere, 349–352
Iron reduction zones, 354
Isomer shift, 147
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Job’s method, 132
Joint Expert Speciation System (JESS), 409, 411

40K, 524. See also Potassium entries
K–Cs discrimination, in plants, 527. See also

Cesium entries
K-edge XANES spectra, 153
Kinetic equations, linear forms of, 171t
Kinetic extraction–desorption studies, 202
Kinetic models, of trace element fate, 170
Kinetics, of Pb immobilization, 613
Kinetic studies, refinement of, 284
Kocar, Benjamin D., x, 313
Königsberger model, of iron(III)-citrate

interactions, 401, 403, 409
Krishnamurti, Gummuluru S. R., x, 169, 419

Lability, 525
Laboratory studies, preliminary, 622
Lakatos model, of aluminum–citrate interactions,

393–397, 406
Landfills, containment in, 590–591
Langmuir adsorption isotherm equation, 218. See

also Multisite Langmuir adsorption
isotherm equation

Lanthanide ion probe spectroscopy (LIPS), 134
Lanthanum (La) removal, 77
Large column experiments, 491
Layered double hydroxide (LDH) precipitate,

183
Layered double hydroxide structure, 103
LDH phases, 108. See also Ni–Al LDH
Leachable lead, 615–616
Leaching

of As, Se, and P, 486–487
of trace metals, 476–486

Leaching agent
reutilization of, 495–496
volume and flow rate control for, 508

Leaching kinetics, 501–520
batchwise, 501–503
off-line detection for investigating, 503

Leaching profiles, 503, 504–505
Leaching reagents, efficiency of, 501
Leaching tests, 204

steps and criteria for selecting, 489
Lead (Pb). See also Pb entries

bioavailability of, 617–620
chemical fractionation and, 623
complexes with, 156
mineralogical characterization of, 620–621
PBET-extractable, 618
sequential and single extraction

of, 616–617

toxicity characteristic leaching procedure for,
584, 620, 624

uptake by plants, 618–619
water-soluble and leachable, 615–616

Lead-contaminated soils, washing, 587
Lead immobilization, phosphate-induced,

607–629
Lead phosphates, 609, 620
Ligands

effect on trace element sorption, 171–172,
190–194

influence on trace element bioavailability,
184–187

metal complexing, 18, 28
in metal-contaminated soils, 57
protonation of, 129
rapid biodegradation in the rhizosphere,

284–285
Ligand site environment, influence on

complexation process, 127
Ligand superhyperfine interaction, 139
Lime, effect on phytoavailability, 185–186
Limestone, 38, 39t
Liming, 576
LMMO substances, chelation by, 434. See also

Low-molecular-mass organic entries
Loffredo, Elisabetta, xi, 125
Longitudinal fluxes, 276
Low-energy sorbed fraction, 177
Lowest observed adverse effect concentrations

(LOAECs), 32
Low-molecular-mass organic acids (LMMOAs),

37–38, 297, 295, 296, 444
Cd release and, 284
secretion into the rhizosphere, 483

Low-molecular-mass organic ligands
(LMMOLs), 172, 180

Cd desorption by, 201t, 202
influence on metal bioavailability and

transport, 374
influence on Pb sorption, 198–199

Lysimeter analyses, 472. See also Tension
lysimeters

M2+ adsorption, 241. See also Metal adsorption
Ma, Lena Q., xi, 607
Macronutrients, dissolution of, 297
Macroscopic experiments, types

of, 110–111
Macroscopic sorption–desorption kinetic

methods, 110–111
Magnetic hyperfine field, 147
Maillard reaction, 12

in humification processes, 9–11
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Manganese (Mn) complexes, divalent, 143–145.
See also Mn entries

Manganese(II) complexes, 157
Manganese oxides. See also δ-MnO2

extraction of, 440–443
formation of, 28–29
reduction of, 483
selective dissolution of, 483–484

Manual fractionation protocols, 501–502
Mass analyzers, high-resolution, 509
Mass balance approach, 351
Mass flow, 275
Mathematical models, of trace element

speciation, 422
Megonigal, J. Patrick, xi, 339
Melamed, Ricardo, xi, 607
Melanized fungi, 63
Mercury (Hg), see Hg entries
Mercury(II) complexes, 158
Metabolic activity, in metal-contaminated soil,

59
Metal adsorption

concentration-dependent, 526
from NaNO3 solutions, 241

Metal–Al hydroxide precipitates, transformation
to metal–Al phyllosilicate precursor phase,
108, 109. See also Aluminum entries

Metal-binding compounds,
microorganism-produced, 69

Metal binding model, 131
Metal-binding sites, 68
Metal bioavailability, 421, 567–569, 617–620

to plants, 618–619
Metal–citrate aqueous complexation, chemical

models of, 382–406
Metal–citrate complexation

assessing, 382–383
formation of, 383–384
mineral solubility and, 406–410

Metal–citrate speciation equilibrium, 383
Metal clusters, 102
Metal complexing ligands, 28
Metal concentrations, intracellular, 63
Metal contaminant transformation, redox

potentials for, 18
Metal-contaminated media, incineration of,

592
Metal-contaminated soils

ameliorants adapted to, 39t
remediation of, 565–605
stages of evolution of, 594

Metal contamination, of terrestrial and aquatic
environments, 593

Metal detoxification model, 62

Metal–DFOB complexes, 181. See also
Desferrioxamine B (DFOB); DFOB
complexes

Metal-dissolved organic matter (DOM) stability
constants, 424

Metal–fulvate complexes, 445
association constants for forming, 427t

Metal geochemistry, microbial influence on, 54
Metal–HS associations, ESR analysis of, 140.

See also Humic substances (HSs)
Metal–HS complexation

importance of, 126
models of, 130–131
stability constants of, 128
types of, 127

Metal–humate complex, 445
Metal–humic complexes, spectroscopic

techniques for studying, 125–168
Metal–humic interactions, 12
Metal-hydroxide precipitates, 579

phases of, 102–103, 106
Metal-hydroxide surface precipitates

formation of, 106–107
residence time of, 107–108

Metal immobilization, 64, 68–71, 78
Metal ion availability, 429
Metal ions

accumulation of, 468
association with hydrous oxide surfaces, 174
binding by humic substances, 21
complexes with, 21–22
distribution and behavior in soils, 126
NMR-active, 150
phytoavailability of, 438

Metal-ion speciation, thermodynamic approaches
to, 423

Metallic pollutants, negative effects caused
by, 567

Metallic radionuclides, sources and mobility of,
521–564

Metal–ligand complexation reactions, 129–130
Metal–ligand complexes, 576

stability constants of, 128
Metalloids. See also Metal/metalloid entries

accumulation of, 468
fractionation through SEPs, 487
pollution induced by, xiii
transformations of, 71–72

Metalloregulatory protein (MerR), 75–76
Metallothioneins, 26
Metal/metalloid adsorption, modeling, 215–264.

See also Metals/metalloids
Metal/metalloid bioavailability, 567–569,

617–620
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Metal/metalloid concentration gradients, at the
soil–root interface, 277–285

Metal/metalloid-contaminated sites
management of, 567
phytostabilization of, 574–576

Metal/metalloid-contaminated soil, remediation
of, 572–573

Metal/metalloid cycling, 29–30
Metal/metalloid pollutants, concentrations of, 568
Metal/metalloid pollution, point sources of, 566
Metal/metalloid release, microbe-mediated,

24–25
Metal/metalloid speciation, soil-solution reactions

involved in, 54
Metal–microbe interactions, 56–64

importance of, 55, 77, 78
Metal mobilization, 64–68
Metal–organic complexes, 436

extraction of, 440
ligand functional group vibrational frequencies

and, 136
stability constants of, 427

Metal oxides, short-range-ordered, 7–9
Metal partitioning studies, sampling in, 472
Metal phosphates, insoluble, 77
Metal precipitation

external, 72–73
by extracellular polymers, 69

Metal readsorption phenomenon, 491
stirred-flow cells in assessing, 495

Metal-reducing bacteria, 67
Metal reduction, arsenic desorption on, 326–327
Metal release, dependence on plant nutritional

status, 300
Metal-resistant bacteria, 61
Metals

bacterial biosensors for, 270
as components of all soils, 55
interactions of iron with, 356–361
microbial reduction of, 69–70
reduction in anoxic environments, 539
in the rhizosphere, 357–359
solution complexation reactions of, 16–17
at Superfund (CERCLA) sites, 569
surface precipitation of, 100–109
toxicities toward microorganisms, 55

Metals dynamics, kinetics in the rhizosphere,
284–285

Metal sequestration, in wetland soils, 356–357
Metals/metalloids. See also Dissolved

metals/metalloids; Metal/metalloid entries
bioavailability of, 567–569
biogeochemistry at the soil–root interface,

267–311

biomineralization of, 27–29
bioremediation technology for, 38
ecotoxicological problems and, 30–32
impacts on terrestrial ecosystem, 29–39
interactive interfacial processes influencing, 4
limitation to the uptake of, 576
long-term ecological effects of, 32
microbial interaction with, 573
microbial sorption and uptake of, 25–27
natural attenuation of, 582
phytoremediation of, 574
precipitation–dissolution reactions of, 23
radioactive isotopes of, 522
reduction–oxidation reactions of, 17–19
sorption–desorption reactions of, 20–22
trigger values for, 570
volatilization of, 574

Metal speciation
approaches to, 421–422
microorganism influence on, 64
molecular-scale processes involved in, 65

Metal species, translocation of, 68–69
Metal surface complexation constant, 238–241
Metal surface configuration, methods of

establishing, 253
Metal surface precipitates, formation of,

108–109
Metal tolerance

manipulation of, 78
polyphosphate and, 61–62

Metal-to-ligand ratios, 130
Metal transformations, 64–72
Metal transport systems, of microorganisms, 26
Metal volatilization/accumulation, in plants, 360
Methylated selenium derivatives, methylation

and volatilization of, 71
Methyl-Se, 533
Michelson interferometer moving mirror, 115
Microanalytical column-based flow-through

systems, 492
Microanalytical techniques, 269
Microbe-mediated metal/metalloid release,

24–25
Microbe–plant processes, in phytoremediation,

77–78
Microbes. See also Bacteria entries; Bacterial

entries; Microorganisms
bioassay using, 620
in iron oxidation and reduction, 341
iron–metal interactions and, 360–361
iron-reducing, 342, 360–361

Microbial activity, Tc immobilization and, 539
Microbial biomineralization, 27
Microbial biopolymers, 25–26
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Microbial cells, metal binding by, 26
Microbial communities, characterizing, 79
Microbial community analysis, methods for,

60–61
Microbial community structure, changes in, 58
Microbial Fe(II) oxidation, versus chemical

Fe(II) oxidation, 347–349
Microbial Fe(III) reduction, versus Chemical

Fe(III) reduction, 350–352
Microbial iron oxidation/reduction, coupling

between, 352–356
Microbially-derived biosurfactants, 588
Microbially mediated rhizosphere Fe(II)

oxidation, 346
Microbial metal/mineral transformations, 74–78
Microbial metal transformations, 72–74
Microbial populations

assessing responses and changes in, 56
response to toxic metals, 57–58

Microbial remediation, 573
Microbial siderophores, 180
Microbial sorption/uptake, of metals/metalloids,

25–27
Microcolumn assays, in-line hyphenation with

ETAAS, 509
Microcolumn-based partitioning protocols, 508
Microcolumn flow-through manifolds, 496
Microcolumn leaching experiments, 495
Microcolumns

conical, 497
packed, 495–497

Microdialysis sampling, 473–474
Microdialyzers, 507
Micro-/macronutrient bioavailability, sorption

and, 97–98
Micronutrient availability, indicators of 298, 300
Micronutrients, 170
Microorganisms. See also Bacteria entries;

Bacterial entries; Microbes; Microbial
entries

Cs dynamics and, 549
influence on Fe transformation, 8–9
influence on plant nutrition, 54–55
metal toxicities toward, 55
modes of attack of minerals by, 25
organic acid production and, 285–286
rhizosphere, 301
Se oxidation by, 533
in Tc reduction, 539–540
trace element sorption onto, 176
vertical distribution of, 25t

MICROQL program, 238, 423
Microsuction cup method, 473–472
Microwave-power saturation, 146

MINEQL program, 271, 423, 424, 451
Mineral colloid–organic matter–microbe

interactions, 14
Mineral colloids, in aggregate formation, 13–14
Mineral diagenesis, 26
Mineral forms, precipitation of, 23
Mineralogical characterization, of Pb, 620–621
Mineral–organic matter–microorganism

interactions, in soil environments, 6–16
Mineral particle–organic substance–organism

interactions, 14
Mineral phases, formation of, 73
Minerals

formation by bacteria, 27–28
surface site densities for, 233

Mineral soil, formation of, 55
Mineral solubility, metal–citrate complexation

and, 406–410
Mineral solubility, role of system pH in,

611–612
Mineral transformations, 72–74
Mineral–water surfaces, site density for, 233
Mineral weathering, in the rhizosphere, 280
MINTEQA2 calculation, results of, 428t
MINTEQA2 model, 424, 426–429
MINTEQA2 program, 131, 424, 451
Miró, Manuel, xi, 467
Mixed metal–Al hydroxide surface

precipitates, 103
Mn2+ –FA complexes, 145. See also Fulvic

acids (FAs)
Mn2+ –HS complexes, 145. See also Humic

substances (HSs)
Mn2+ sorption, predicted time dependence

for, 113
Mn(IV) oxides, microbial reduction of, 67
MNAtoolbox, 582
Mn deficiency, 300
δ-MnO2, promoting effect of, 12. See also

Manganese oxides
Mn oxides, distinguishing from Fe oxides, 479.

See also Manganese oxides
Modeling. See also Models

ab initio and molecular, 246–247
computer-based geochemical, 423
of metal/metalloid adsorption, 215–264
of rhizosphere fluxes and transport

processes, 276
Model parameter values, obtaining, 231–241
Models, 216–247. See also Aluminum–citrate

entries; Charge distribution multisite
complexation (CD-MUSIC) model;
Chemical equilibrium models; Chemical
models; Chemical surface complexation
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models; Diffuse double-layer model
(DDLM); Diffuse layer model; Fickian
diffusion model; Field model; Free ion
activity model (FIAM); Geochemical
models; Ion-association model;
Iron(III)–citrate models; Mathematical
models; NICA (nonideal competitive
adsorption)-Donnan model; Numerical
models; Polyphenol transformation model;
Surface complexation models (SCM); Triple
layer model (TLM)

absorption, 250
CD-MUSIC, 221, 229
charge distribution multisite complexation,

228–230
chemical speciation, 130–131. 424, 426–429
chemical surface complexation, 220–247
competitive Gaussian distribution, 131
competitive proton binding, 131
constant-capacitance, 221–223, 425–426
empirical, 216–220
Fe–citrate complexation, 401
FITEQL, 233
flux, 276
kinetic, 170
metal binding, 131
metal–citrate complexation, 382–406
metal detoxification, 62
metal–HS complexation, 130–131
MINTEQA2, 424, 426–429
1 pK basic Stern, 426
quasiparticle, 131
transport, 276
thermodynamic, 422–429

Mo(V)-enriched HA, 145. See also Humic acids
(HAs); Molybd- entries

Molecular mechanics approaches, classical, 247
Molecular-scale assessment, of

sorption–desorption, 111–118
Molybdate sorption, 189, 190
Molybdenum complexes, 145. See also

Mo(V)-enriched HA
Monitored natural attenuation (MNA), 581–582

MNAtoolbox, 582
Monomethylarsonous acid (MMAA), 314
Mononuclear (1H) two-dimensional NMR

experiments, 151
Montmorillonite (Mt), Cu, Zn, and Cd sorption

onto, 178, 181
Mössbauer spectroscopy, 146–149

advantages and limitations of, 149
Motekaitis and Martell model, of

aluminum–citrate interactions,
388–389, 406

Mucigel, 295
“Multiligand” complexing agents/system, 21,

127, 129–130
Multinuclear surface complexes, 20–21
Multiple regression analysis data, 449t
Multisite Langmuir adsorption isotherm equation,

218–219
Multistage continuous extraction, 493
Mycorrhizae, plant associations with, 26–27
Mycorrhizal fungi, metal toxicity toward, 62–63
Mycorrhizal infection, cesium uptake and, 549
Mycorrhizosphere, 272

Naidu, Ravendra, xi, 565
National Institute of Standards and Technology

(NIST) database, 409, 411
National Priority List (NPL), 569
Natural attenuation, 581–582
Naturally occurring radioactive metals

(NORM), 531
Natural remediation–bioavailability processes,

36–37
95Nb, 537. See also Niobium entries
Neubauer, Scott C., xi, 339
Ni–Al LDH, 183. See also Ni LDH phases

phases of, 103–104
NICA (nonideal competitive adsorption)-Donnan

model, 131
Nickel (Ni), bacterial adaptation to, 60. See also

Ni entries
Nickel complexes, 156–157
Ni–EDTA–ferrihydrite system, component

addition sequence in, 195
Ni–EDTA system, 198
Ni–gibbsite–citrate system, 183
Ni LDH phases, 108. See also Layered double

hydroxide entries; Ni–Al LDH
Ni–Ni distances, 104
Niobium-95, 537
Niobium (Nb) radioisotopes, sources and fate

of, 537
Ni–O distances, 104
Ni phytotoxicity, 576
Ni sorption, 100

radial structure functions for, 107
structural information related to, 105t

Nitrate reduction, inhibition by, 70
NMR-active metal ions, 150. See also Nuclear

magnetic resonance (NMR) spectroscopy
NOE spectroscopy (NOESY), 152
Nonbuffered acetic acid solutions, 481–482
Nondestructive analysis, 448–450
Nondestructive x-ray absorption spectroscopy

(XAS) techniques, 152
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Nonessential trace elements, 170
Nonoxidizing strong complexing reagents,

485
Non-point-source pollution, 566
Nonseparation methods, 159
Nonspecific sorption, 188
Non-spectroscopic experimental methods, 159
Nuclear gamma rays, resonant absorption of,

146–147
Nuclear hyperfine interaction, 139
Nuclear magnetic resonance (NMR)

spectroscopy, 149–152, 242
Nuclear overhauser effect (NOE), 152
Nuclear waste, radionuclides in, 524–525
Nucleation, role in metal transformation, 23
Numerical models, 301

in soil biogeochemistry, 269

O-bearing groups, 21
Off-line detection, flow-through methods with,

503–508
Off-site burial, of contaminated soil, 590–591
OH band, net shift of, 138
OH- ions, 579
Öhman model, of aluminum–citrate interactions,

385–388
1 pK basic Stern model, 426
Online detection, flow-through methods with,

508–509
Operationally defined fractions

classification of, 474
corresponding extracted components of, 475t

Operationally defined speciation, 421, 439–450
Optical second-harmonic-generation (SHG)

spectroscopy, 116–118
ORCHESTRA program, 230
Organic acids, 172

contribution to pH gradients in the
rhizosphere, 285–286

functions of, 65–67
importance of, 199
low-molecular-mass, 10

Organic carbon. See also Carbon (C); Organic
matter; Organic substances

availability of, 349–350
in rhizosphere processes, 344

Organic complexes
of Cu, 187
time-resolved dissolution of, 494

Organic compounds, release of, 294
Organic ligands, 171, 172

Cd toxicity and, 431
competitive sorption with trace elements,

194–195

effect on trace element sorption, 180–184,
190–194

sequence of addition of, 199
Organic matrix, 27
Organic matter. See also Organic substances;

Soil organic matter
adsorption of Cs on, 546
in natural waters, 426
under oxidizing conditions, 485
role in immobilizing Sr, 535
ruthenium affinity for, 541
trace element sorption onto, 173–174

Organic soil components, competitive sorption of
trace elements to, 178

Organic soils, ruthenium in, 541
Organic substance gradients, 295–297

at the soil–root interface, 294–300
Organic substances. See also Organic matter

Al transformation products and, 8
impact on metal sorption–desorption, 298
impact on trace element bioavailability,

298–300
impact on trace element speciation, 297–298
involved in heavy metal/metalloid fate,

297–300
microporosity and, 16
role in complexing metals, 282

Organometallic compounds, 29
Organomineral complexes, formation of, 9–13
Outer-sphere complexes, 21, 98, 127
Outer-sphere sorption, 188
Oven-drying, of sediment samples, 471
Overall thermodynamic stability (equilibrium)

constant, 129
Oxalate

influence on sorption, 183, 184
sorption of, 190

Oxidation–reduction reactions, of microbes,
573–574. See also Reduction–oxidation
reactions

Oxide aging, 177
Oxides, capacitance values for, 234
Oxide–solution interface

charge distribution multisite complexation
model of, 228–230

constant capacitance model of, 221–223
diffuse double layer model of, 223–225

Oxide surfaces, metal binding on, 246
Oxidizable trace element form, 468
Oxidizable trace element fractions, 485–486
Oxidizing zones, 354
Oxyanions

bioremediation of, 38
competition between, 195
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Oxygen (O). See Cu–O bond lengths; pO2

gradient(s); Radial O2 loss (ROL)

Packed microcolumns, 495–497
Paramagnetic metal ions, 146
Paramagnetic metal “probe” addition

method, 140
Paramagnetic metal spectra, spectral parameters

from analysis of, 139–140
Paramagnetic transition metal ions, fluorescence

quenching effect of, 133
Particulate-bound Cd species, distribution of, 482
Particulate-bound metal species, sequential

extraction schemes used for, 441–442t
Particulate organic matter (POM), 14
Pauling bond strength, 237, 239
Pb2+ adsorption, 243. See also Lead entries
Pb2+ –HS complexes, 156. See also Humic

substances (HSs)
Pb(II) presence, seasonality of, 357
Pb bioassay

using microbes, 620
using worms, 619–620

PbCa–HA solid phase, 611. See also Calcium
entries; Hydroxyapatite (HA)

Pb compounds, 156
P-bearing groups, 21. See also Phosphate entries;

Phosphorus entries
Pb immobilization, reaction kinetics of, 613
Pb sorption, 101

increase of, 183
influence of LMMOLs on, 198–199

pCO2 gradients
impact on trace element bioavailability,

288–290
impact on trace metal speciation, 286–288
at the soil–root interface, 285–290

Peptidoglycan carboxyl groups, as cation binding
sites, 68

Permeable reactive barriers (PRBs), 584–585
Pertechnetate, 538

biosorption of, 539
Perturbation-induced microporosity, 16
pH. See also Rhizosphere pH; Soil pH;

System pH
anion sorption and, 187–188
effect on sorption and extractability, 186–187
effect on Sr mobility and uptake, 535
HA dissolution and, 611
impact on trace element bioavailability,

288–290
impact on trace metal speciation, 286–288
inner-sphere complexation and, 146
at the soil–root interface, 285–290

Phase overlapping, 490–491
pH changes, during extraction, 494–495
Phenolic compounds, abiotic polymerization

of, 11
Phosphate(s)

As displacement and mobilization by,
321–322

effects on Pb immobilization, 623
influence on Cd concentration, 186
influence on metal interactions, 358

Phosphate-induced immobilization, mechanisms
involved in, 609

Phosphate-induced lead immobilization, 609. See
also Phosphorus-induced lead
immobilization

in contaminated soils, 607–629
Phosphate minerals, dissolution reactions and

solubility products of, 610t
Phosphate release, 65

for metal precipitation, 77
Phosphate rock (PR)

Pb immobilization by, 612–613
Pb uptake and, 619
treating Pb-contaminated alkaline soil with, 619

Phosphate sorption, effect of contact time on, 196
Phosphoric acid, soil pH and, 626
Phosphorus (P)

fractionation of, 487
leaching of, 486–487

Phosphorus amendments, 608
effectiveness of, 626
effect on soil pH, 622–623
field application of, 621–624

Phosphorus-induced lead immobilization,
assessing the effectiveness of, 615. See also
Phosphate-induced lead immobilization

Photosynthesis, longer-term patterns of, 355
pH–trace metal relationships, 289
pH values, gradients in, 280
Phyllosilicates

catalytic ability of, 11
trace element sorption onto, 173, 180–181

Physical remediation technologies, 588–593
Physicochemical-biological interfacial

interactions, xv
Physiologically based extraction test (PBET), 618
Phytoavailability, 270, 438

solid-phase fractions in assessing, 445–448
Phytochelatins (PCs), 76
Phytodegradation, 77
Phytoextraction, 77, 573
Phytoremediation, 77–78, 571, 574–577

categories of, 575t
Phytorestoration, 568–569
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Phytoscrubbing, 77
Phytosiderophore complexes, 300
Phytosiderophores, 295

impact on metal speciation, 298
Phytostabilisation, 77, 568–569, 573
Phytovolatilization, 77
Pigna, Massimo, xi, 169
Plant-available species, 435
Plant–bacterial systems, for phytoremediation, 78
Plant derived biosurfactants, 588
Plants. See also Phyto- entries;

Vegetation systems
cesium uptake by, 548–549
genetically engineered, 269
K–Cs discrimination in, 527
metal availability to, 60
metal bioavailability to 618–619
metal volatilization and accumulation in, 360

Plant tissues, antimony concentrations in,
543–544

Plate counting, 60–61
pO2 gradient(s)

impact on trace element bioavailability,
293–294

impact on trace element speciation, 292–293
processes responsible for decreasing, 290–291
processes responsible for increasing, 291–292
at the soil–root interface, 290–294

Point of zero charge (PZC), 579
shifts in, 245
values of, 174, 183

Point sources of pollution, 566
Pollutants

adverse impact of, 567
soil- and sediment-bound, 31

Polluted sites
remediation of, 569–572
versus contaminated sites, 566–567

Polluted soil, in situ capping of, 589
Pollution mapping, sampling for, 470–471
Polymer encapsulation S/S, 583
Polymeric hydroxy–Fe(III)–citrate complexes,

400
Polyphenol transformation model, 12
Polyphosphate, metal tolerance and, 61–62
Polyphosphate kinase (PPK), 61
Polysaccharides, extracellular, 69
Polytetrafluoroethylene (PTFE) column, 492
Polyvalent cation bridging, 13
Polyvalent elements, 536, 537
Porosity, formation of, 13–16
Portland cement, salt amendments to, 584
Portland-type cement, 583
Potash fertilizer, 38–39

Potassium (K), soil affinity for Cs and, 547. See
also K entries

Potassium-40, 524
Potassium/sodium pyrophosphate, 485
Pozzolans, 583
Precipitation–dissolution reactions, 23–24
Preferential flow paths, 276
Preliminary laboratory studies, 622
Pressure-jump kinetic data, 227
Pressure-jump relaxation, 177
Proteoid roots, 273
Protonation–dissociation constants, 235–238
Proton fluxes, 286
Proton-induced x-ray emission (PIXE)

spectroscopy, 440
Proton-release titration, 159
Protons. See H+ ions
PR solubility, at different pH values, 613. See

also Phosphate rock (PR)
Pump-and-treat cleanup methods, 580
Pure culture studies, 79
Pyromorphite, 78, 609, 624

precipitation of, 613–614, 619
Pyrophosphate extractable TE fractions, 482–483

Quadrupole splitting, 147
Quantum mechanics calculations, 246
Quasiparticle model, 131
Quick-EXAFS (QEXAFS), 112–114, 118–119.

See also Extended x-ray absorption fine
structure (EXAFS) spectroscopy; X-ray
absorption fine structure (XAFS)
spectroscopy

Quick kinetics, 111–112
Quick x-ray diffraction (QXRD), 114

Radial O2 loss (ROL), 344, 354
high rates of, 355–356

Radial structure functions (RSFs), 103, 104, 153.
See also RSF plots

Radiation, biological consequences of, 523–524
Radioactive isotopes, of metals and metalloids,

522. See also Radioisotopes; Radionuclides
Radioactive metals, sources of, 524–525
Radioactivity, basic principles of, 522–524
Radiocesium, 523, 524. See also 135Cs; 137Cs

adsorption of, 547
sources of, 544–545

Radioisotopes. See also Radioactive isotopes;
Radionuclides

environmentally significant, 530t
redistribution of, 528

Radionuclide contamination, remediation
strategies for, 529
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Radionuclides
adsorption–desorption of, 525–526
antimony, 542–544
cesium, 544–549
cobalt, 530–532
differences from metal pollutants, 529
factors affecting mobility and bioavailability

of, 525–529
metallic, 521–564
niobium, 537
ruthenium, 540–541
selenium, 532–534
silver, 541–542
soil-to-plant transfer factors for, 528
sources and fate of, 529–549
strontium, 534–535
technetium, 537–540
uptake and assimilation by biological systems,

527–529
zirconium, 536

Raman spectroscopy, 242
Rapid kinetics, 111–112
Rapid mirror motion, developments in, 115
Rapid-scan infrared (IR) spectroscopy, 118–119
Rapid scan near-infrared (NIR) spectroscopy,

115–116
87Rb, 524
Reaction kinetics

of Pb immobilization, 613
in the rhizosphere, 284

Reactive inorganic ligands, 28
Reactive surface area, in surface complexation

models, 248–249
Reactive surface functional group, in the

CD-MUSIC model, 229
REDEQL2 program, 423, 424
Redox conditions, root-induced changes of,

292
Redox-coupled pH changes, 286
Redox microelectrodes, 290
Redox potential gradients

impact on trace element bioavailability,
293–294

impact on trace element speciation, 292–293
processes responsible for decreasing, 290–291
processes responsible for increasing, 291–292
at the soil–root interface, 290–294

Redox potentials, for metal contaminant
transformation, 18

Redox reactions, importance to trace
elements, 170

Reducible TE fractions, 483–485
Reducible trace element form, 468
Reductant molecules, 291

Reduction mechanisms, separating the
contributions of, 350–351

Reduction–oxidation reactions, 17–19. See also
Oxidation–reduction reactions

Relaxation process, 149–150
Relaxation techniques, 177
Remediation. See also Bioremediation;

Phytoremediation
in Australia versus the United States, 591
decisions concerning, 571
of metal-contaminated soils, 565–605
of metal/metalloid-contaminated soil, 572–573
natural, 36–37
of polluted sites, 569–572

Remediation technologies, 572–593
average cost spans of, 571
biological, 573–577
chemical, 577–588
development of, 593–594
in situ immobilization techniques, 608
physical, 588–593
thermal, 592–593

Research
collaborative, 119
ecotoxicological, 31

Residence time, effect on desorption, 202–203
Residual trace element form, 468
Resonance condition, 139
Respiration

aerobic, 345
arsenate reduction via, 325–326

Respiratory reduction, primary reductases
for, 331

Retrodialysis, 474
Rhizobox system, 473
Rhizodeposition, 290–291, 295–297
Rhizoferrin, 284
Rhizofiltration, 77
Rhizon microsamplers, 282
Rhizoplane, 343
Rhizosphere, 343–346

acidification of, 281, 288, 290
bioavailable trace metal fraction in, 278
biological processes in, 4
in contaminant transformation, 36
defined, 269–270, 343
gradients in dissolved metals in, 281
interactive processes in, xv
iron cycling in, 344
iron–metal interactions in, 356–361
iron oxidation in, 346–349
iron reduction in, 349–352
kinetics of metals dynamics in, 284–285
metal contaminant complexation in, 23–24
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Rhizosphere (continued )
metal depletion/accumulation in, 279
metals in, 357–359
microbial community structure of, 346
microorganisms in, 301
modeling fluxes and transport processes

in, 276
organic acids in, 172
pH changes in, 285–286
radial flow of water in, 275
root-induced oxidation of, 291, 292
spatial and temporal characteristics of, 269
understanding, 268–269

Rhizosphere biogeochemistry, 37–38, 344
understanding and quantifying traits of, 269

Rhizosphere environment, 5
Rhizosphere Fe(II) oxidation, microbially

mediated, 346–347
Rhizosphere Fe(III) reducers, 350
Rhizosphere-isolated Fe(II) oxidizers, 348
Rhizosphere pH

changes in, 288
importance of, 289–290

Rhizosphere processes, 344–346
Rhizosphere soil, 344
Rhizosphere “trinity,” 6
Rhizotron approach, 281–282
Ribosomal intergenic spacer analysis (RISA)

technique, 60
Risk assessment

discerning operationally defined fractions
with, 502

regulatory-driven, 34–36
remediation decisions based on, 571

Root activity
influence on soil, 343
soil transformation via, 272–273

Root apoplasm, role in pH–trace metal
relationships, 289

Root exudates, 295
binding of Cu2+ by, 298
organic compounds in, 296t
weathering and, 297

Root plaque, metals in, 357–358
Root profile analysis, 273
Roots. See also Rhizo- entries; Soil–root entries

flux of water into, 275
longevity of, 273–274
persistence of changes imposed by, 274
repeated colonization by, 274
soil modification by, 272
water uptake and transport processes, 274–277

Root surface
radial fluxes toward, 274–275

simultaneous presence of FeOB and FeRB
on, 354

Rossendorf expert system (RES3T), 239–240
Rotating coiled columns (RCCs), 492–494

coupling with inductively coupled
plasma-atomic emission
spectrometers, 494

Rotating column extraction process, scale up of,
493–494

rRNA/rDNA libraries, 59
RSF plots. See also Radial structure functions

(RSFs)
derived from EXAFS spectra, 153–154, 155
for Pb2+ bound to HS, 156
for Zn, Ni, and Co, 157

106Ru, 540–541
Rubidium-87, 524
Ruthenium-106, 540–541
Ruthenium (Ru) radioisotopes, sources and fate

of, 540–541

Sacrificial method, 110
Sample-extractant contact time, 495
Sample preparation, 468–474
Sample processing, miniaturization of, 497
Sampling, as a source of uncertainty, 469. See

also Field sampling; Soil sampling
Sampling design, 469
Saponin, 588
125Sb, 542–543, 544. See also Antimony entries
S-bearing groups, 21
75Se, 532. See also Selenium entries
79Se, 532
Se0 oxidation, 71
Secondary-ion mass spectrometry (SIMS), 440
Second-harmonic-generation (SHG)

spectroscopy, 116–118
Second-shell coordination numbers, 155
Sediments

arsenic retention in, 315–321
care in sampling, 470–471
desorption of arsenic in, 321–324
trace element fractionation and mobility in,

467–520
Sediment samples, handling operations of,

471–472. See also Sample entries;
Sampling entries

Selective sequential extraction scheme, for solid
metal phase fractionation, 446t

Selenate-respiring bacteria, 71
Selenate salts, 533
Selenate sorption, 188
Selenite on goethite competition sequence,

190–191
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Selenite salts, 533
Selenite sorption, 188, 189
Selenium (Se). See also Se entries

biomethylation of, 533
leaching of, 486–487
methylation of, 71–72
oxidation state, 533

Selenium-75, 532
Selenium-79, 532
Selenium radioisotopes, sources and fate of,

532–534
Selenium reduction, bacteria and fungi in,

533–534
Senesi, Nicola, xi, 125
Separation methods, 159
Sequence of addition, of inorganic and organic

ligands, 199
Sequential extraction

bioavailability and, 444–448
of Pb, 617

Sequential extraction experiments, 582
Sequential extraction procedures (SEPs), 468.

See also Sequential extraction schemes
for As, Se, and P fractionation, 488t
comparing, 480
development/application trends related to,

489–490
equilibrium-based, 474–490
examples of, 476, 477–478t
novel, 487
reducible fraction recovery via, 483
uses for, 476
validation and harmonization of, 489

Sequential extraction schemes, 440–444
batchwise, 476
modification of, 444–445
for particulate-bound metal species, 441–442t
simplified, 479

Sequential extraction studies, 581
Sequential injection assemblies, 496–497
Sequential injection analysis (SIA), 491,

496–497
Sequential injection network, in-line coupling

with detectors, 509
SERIES software, 115
Serpentine soils, heavy metals in, 59–60
Shaw, George, xii, 521
Short-chain organic acids, metal mobilization

and, 67
Short-range-ordered metal oxides, formation of,

7–9
Siderophores

influence on Cu and Zn sorption, 183–184
iron assimilation and, 64–65

plant- and microbially based, 568–569
Sieving, of soil samples, 470
Silicic acid

effect on trace element sorption, 191
sorption of, 191, 193t

Silver (Ag), solid–liquid distributions of, 542
Silver-110m, 541–542
Silver radioisotopes, sources and fate of,

541–542
Simulation, estimating bioavailability using,

270–271
Simultaneous sorption, of trace elements,

177–180
Single extraction

of lead, 616–617
procedures for, 505

Single-site assumption, in surface complexation
models, 248

Site-specific screening, 582
Slow-exchange conditions, 150–151
Slow sorption, of trace elements, 176–177
SM&T leaching scheme, 489

modified three-step, 479
SO2-

4 reduction, 351, 355. See also
Sulfate entries

Sodium (Na). See Cs–Na selectivity
Sodium acetate/acetic acid buffer, 481
Sodium hypochlorite, as an oxidizing

reagent, 485
Sodium pyrophosphate, 482
SOH +

2 , standard states for, 232
SOH sites, 231
Soil(s)

arsenic retention in, 315–321
bioavailability processes in, 36
components of, 4
desorption of arsenic in, 321–324
as interactive biogeochemical reactors, 4
interfacial interactions in, 40
kinetics and mechanisms of

sorption–desorption in, 97–124
lead and phosphorus concentrations, pH,

residual Pb, and TCLP–Pb in, 625t
metal and metalloid pollution induced by, xiii
metal contamination of, 33–34
organic acids in, 65–67
phosphorus-induced lead immobilization in,

609–614
physicochemical and biological interfacial

interactions of, 31–32
point of zero charge of, 579
sources and fate of radionuclides in, 529–549
sources of radioactive metals in, 524–525
in the terrestrial ecosystem, 33
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Soil(s) (continued )
total trace element content of, 270
trace element fractionation and mobility in,

467–520
Soil aggregate, bacteria, fungi, and mineral

particles in, 5
Soil ameliorants, 38–39
Soil amendments, bioavailability reduction

and, 576
Soilborne contaminants, pathways for human

exposure to, 35t
SOILCHEM program, 424
Soil components

interactions of, 39–40
sorption of trace elements onto, 171–199

Soil contaminants, chemistry of, 590
Soil environments

mineral–organic matter–microorganism
interactions in, 6–16

restoration of, 36–39
Soil extractants, 435, 438
Soil flushing, in situ, 580–581
Soil–fungus Cs transfer, 549
Soil geochemistry, microbial metal and mineral

transformations in, 72–74
Soil management, regulatory-driven, 34–36
Soil–metal(loid) complex, 576
Soil metals, complexed, 57
Soil microbial parameters, effects of metals

on, 32
Soil microorganisms, role in radionuclide

fate, 528
Soil minerals

abiotic polymerization and, 11
interactions with organic substances and

microorganisms, 8–9
metal sorption on, 108–109

Soil mixing, 591
Soil organic matter. See also Organic matter

affinity sequence for divalent metal ions, 16
functional groups of, 173

Soil particle arrangement, in aggregates, 14–15
Soil particles, microbe-mediated metal/metalloid

release from, 24–25
Soil pH, effect of phosphorus amendments on,

622–623
Soil–plant transfer factors

database of, 541
for niobium, 537
for zirconium, 536

Soil properties, variability in, 470
Soil quality (soil health), 34–36

indices for, 35t
Soil remediation, major challenges for, 594

Soil respiration, as an index of
biodegradation, 57

Soil–root interface, 269–270
dissolved metals in, 281–283
metal/metalloid biogeochemistry at, 267–311
metal/metalloid concentration gradients at,

277–285
organic substance gradients at, 294–300
pH and pCO2 gradients at, 285–290
reaction kinetics at, 284
redox potential and pO2 gradients at, 290–294
spatial and temporal extension of, 272–274
trace element fate and, 300–301
of trees, 279

Soil–root uptake, of strontium, 535
Soil sampling, 468–474
Soil saprotrophic microfungi, 63
Soil selenium content, 188
Soil solids, arsenic retention on, 329
Soil-solution reactions, in metal/metalloid

speciation, 54
Soil solutions

Cd–organic associations in, 186–187
elemental forms in, 271
metal speciation of, 17

Soil–Sr reactions, 535
Soil structure, stabilization of, 14
Soil tests, for bioavailability, 270
Soil-to-plant transfer factors, 528, 535
Soil washing, 573, 585–588

appropriate solutions for, 585–586
with mixed washing fluids, 587
treatment process, 586

Solidification and stabilization (S/S), 582–584
Solid–liquid partitioning, advantages of, 510
Solid metal phase fractionation, 446t
Solid-phase Cd fractions, distribution of,

448t
Solid-phase metals/metalloids, gradients in,

277–281
Solid–solution interface, surface complexation

models of, 221
Solubilized metal–ligand complexes,

bioavailability of, 65
Solution complexation reactions, 16–17
Solution speciation, 429–435. See also Classical

(solution) speciation
Solvation water (1H) relaxation, 149–150
Sorbate, 232
Sorbent sites, standard states for, 231
Sorption, 97–98. See also Competitive sorption;

Sorption processes
competition in, 177–180
terminology related to, 98–99
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Sorption–desorption
developments in, 116
kinetics and mechanisms of, 97–124
molecular-scale assessment of, 111–118
time scales for, 99
of trace elements, 169–213

Sorption–desorption kinetic methods,
macroscopic, 110–111

Sorption–desorption reactions, 20–22
assessing, 98

Sorption edge, 174
Sorption processes

assessing, 118–119
biphasic behavior in, 99–100
continuum of changes in, 109
time scales for, 99–109

Sorption sites
competition for, 195
range of, 171

Sparks, Donald L., xii, 97
Spatial coupling, between microbial Fe(II)

oxidation and Fe(III) reduction, 352–354
Spatial extension, of the soil–root interface,

272–273
Spatiotemporal coupling, 356
Speciation, 271

assessing, 450
defined, 420–421
lack of information on, 451
programs, 271

Specific sorption, 188
Spectroscopic studies, of aluminum–citrate

interactions, 393–397
Spectroscopic techniques

for evidence of adsorption mechanisms,
241–245

for studying metal–humic complexes,
125–168

Spectroscopy
electron spin resonance, 139–146, 242
fluorescence, 132–136
infrared, 136–138
Mössbauer, 146–149
nuclear magnetic resonance, 149–152, 242
synchrotron-based x-ray absorption,

152–158
ultraviolet–visible, 132
vibrational, 242
x-ray absorption, 242–245

Spin Hamiltonian, 140
90Sr, 534. See also Strontium entries
SRM 2710 soil, extraction patterns of, 503–504
Stability constants, 128–130, 150–151

of trace element complexes, 173

Stability function, 130
Stabilization. See Solidification and

stabilization (S/S)
Standardized database, of surface complexation

constants, 239
Standards, Measurements, and Testing (SM&T)

Programme, 479. See also SM&T
leaching scheme

Standard states, for surface species activities,
231–232

Staunton, Siobhan, xii, 521
Stimulus–response approaches, 474
Stirred-flow cells, 494–495
Stirred-flow method, 111
Stopped-flow approach, 495
“Strong” sites, 224
Strontium (Sr)

adsorption mechanism of, 535
adsorption of, 244

Strontium-90, 534
Strontium radioisotopes, sources and fate of,

534–535
Structure-binding relationship, 150–151
Sulfate, 194. See also SO2-

4 reduction
Sulfate-reducing bacteria (SRB), 70
Sulfato-respiring bacteria, 534
Sulfides, iron(III) reduction by, 342, 343
Sulfur (S). See Disulfide/disulfane S
Sulfur-reducing bacteria, 70
Superfund program, 569
Superfund (CERCLA) sites

commonly encountered metals at, 569
remedial actions undertaken at, 572

Surface barriers, 589–590
Surface charges, 224, 229
Surface complexation, 229

phenomena related to, 66
role in Pb immobilization, 611

Surface complexation constants
predicting, 251
standardized database of, 239

Surface complexation models (SCM),
220–247, 425

advantages of, 247
applications to natural systems, 248–252
characteristics of, 252
component additivity in, 249–250
generalized composite approach in, 250–252
reactive surface area in, 248–249
self-consistent parameter databases for,

232–233
single- or two-site assumption in, 248

Surface complexation–surface precipitation
continuum, 102
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Surface complexation reactions, 226
in the constant capacitance model, 222

Surface complexes, 20–21, 98
stoichiometries and relative adsorption

energies of, 246
Surface coverage, effect on competitive sorption,

194–195
Surface functional group, protonation and

dissociation reactions of, 222, 226
Surface-induced precipitation, 102
Surface loading, 100, 102
Surface–metal–ligand complexes, 183
Surface precipitates, 98–99

formation of, 100
types of, 101–102

Surface precipitation, of metals, 100–109
Surface reactions, in the diffuse double layer

model, 224
Surface site density (NS), 232–233
Surface speciation, 241–247
Surface species

effective electrostatic radius of, 237
standard states for, 223, 231–232

Synchrotron-based x-ray absorption
spectroscopy, 152–158, 450

System pH, 611–613
reduction and increase in, 612

Tamm’s reagent, 484
Tannic acid, 10
Tartrate, influence on sorption, 183
99Tc, 537–538. See also Technetium entries
Tc(VII), 538
TCLP-leachable Pb, 584. See also Toxicity

characteristic leaching procedure (TCLP)
Technetium (Tc), immobilization of, 538–539
Technetium-99, 537–538
Technetium chemistry, in soil, 538
Technetium radioisotopes, sources and fate of,

537–540
Tellurium (Te) transformation, 72
Temporal coupling, 354–356
Temporal extension, of the soil–root interface,

273–274
Tension lysimeters, 473. See also Lysimeter

analysis; Zero-tension lysimeters
Terminal restriction fragment length

polymorphism (t-RFLP) profiles, 58
Ternary complexes, 183
Terrestrial ecosystem

functioning and stability of, 32–33
role of soil in, 31–32
232Th, 524

Thermal remediation technologies, 592–593
Thermo electron rapid-scan capabilities,

115–116
Thorium-232, 524
Through-space nuclear overhauser effect

(NOE), 152
Time-dependent fixation, of cesium, 548
Time-of-flight secondary-ion mass spectrometry

(ToF-SIMS), 279
Time of reaction, effect on competitive sorption,

194–195
Time-resolved attenuated total reflectance (ATR)

Fourier transform infrared (FTIR) spectra,
117. See also ATR-Fourier transform
infrared (FTIR) technique; Fourier
transform infrared (FTIR) spectroscopy;
FTIR spectra collection, 115

Titration-batch reaction, automatic, 612–613
Tortuosity, 275
Total correlation spectroscopy (TOCSY), 151
Toxic ions, 430–431
Toxicity

of heavy metals, 593
of metals/metalloids, 568
of technetium, 538
of trace elements, 204

Toxicity characteristic leaching procedure
(TCLP), 570, 620, 624. See also
TCLP-leachable Pb

Toxic metals, 55
fate in soils, 421

Toxic metal stress, experimental systems for
studying, 56

Trace element bioavailability
desorption kinetics and, 199–202
impact of organic substances on, 298–300
impact of pH and pCO2 gradients

on, 288–290
impact of redox potential and pO2 gradients

on, 293–294
influence of inorganic and organic ligands on,

184–187
toxicity and, 172
transformation and, 30

Trace element cation sorption–desorption,
hysteresis of, 177

Trace element complexation reactions, effects of,
173–174

Trace element extractions, kinetics of,
489

Trace element fractionation
representative sample for, 469
seasonal variability and, 470
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Trace element fractions
acid-soluble, 481–482
commonly elucidated, 480–486
exchangeable, 480–481
oxidizable, 485–486
pyrophosphate extractable, 482–483
reducible, 483–485
water-soluble, 480

Trace elements (TEs). See also Trace element
bioavailability; Trace metals

affinity for Mn oxide, 174
in anionic form, 187–194
assessing mobility of, 501–520
in cationic form, 173–187
changes in the solubility of, 287
competitive sorption of, 189–190
competitive sorption with organic or inorganic

ligands, 194–195
desorption of, 199–203
discrimination of solid-phase associations

of, 468
fate in the rhizosphere, 268
fate of, 170
fractionation and mobility of, 467–520
fractionation into operationally defined forms,

474–500
heterogeneous precipitation on mineral

surfaces, 176
investigation of extraction patterns of,

502
kinetic fractionation of, 501
local behavior and mobility of, 473
mobility of, 170, 445
occurrence of, 170
phytoavailability of, 445
solid matter speciation of, 439–440
speciation of, 271

Trace element sorption
effect of inorganic and organic ligands on,

180–184, 190–194
effects of component addition sequence on,

195–199
kinetics of, 176–177
onto microorganisms, 176
onto organic matter, 173–174
simultaneous, 177–180
onto soil components, 171–199
onto variable charge minerals, 174–176,

181–184
Trace element sorption–desorption, factors

affecting, 169–213, 203–204
Trace element speciation

impact of organic substances on, 297–298

impact of redox potential and pO2 gradients
on, 292–293

pH-controlled changes in, 288
thermodynamic models of, 422–429

Trace element species, range of, 175–176
Trace element toxicity, factors affecting, 204
Trace metals

chemical speciation and bioavailability of,
419–466

continuous leaching of, 492
impact of pH and pCO2 gradients on

speciation of, 286–288
ion complexation of, 158
leaching of, 476–486
precipitation of, 23

Transfer coefficient, 35–36
Transition metals

adsorption of, 241
solubility of, 529

Transport processes
modeling, 276
of roots, 274–277

Trees, soil–root interface of, 279
Triethanolamine (TEA), 436
Triple-layer model (TLM), 221, 225–228, 426

capacitance values in, 233–234
electrolyte cation and anion adsorption

equilibrium constants for, 238
equilibrium constants for, 241
protonation-dissociation constant values

for, 235
Tufano, Katharine J., xii, 313
Two-coordinate binding environment, 158
Two-dimensional NMR methods, 151
Two-site assumption, in surface complexation

models, 248
238U, 524. See also Uranium entries

U hyperaccumulators, 577
Ultrafiltration (UF), 159
Ultraviolet–visible (UV–Vis) spectroscopy,

132
“Unculturable” population, 79
Unidentate metal complexes, 137
United States, remediation in, 591
Uranium-238, 524
Uranium-contaminated groundwater,

bioremediation strategy for, 76
Uranium (U) phytoremediation, 577
Uranyl removal, 77

Vacuum extraction methods, 581
Vanadyl ion complexes, 143
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Variable charge, 171
Variable-charge minerals, 172

trace element sorption onto, 174–176,
181–184

Vegetation systems, diversity of, 33. See also
Phyto- entries; Plant entries

Venturini and Berthon model, of
aluminum–citrate interactions, 390–391

Vermiculite, sorption and desorption reactions
on, 99

Vertical mixing, of contaminated soils, 591
Vesicles, 27
Vibrational spectroscopy, 242
Violante, Antonio, xii, 169
Vitrification, 592–593
VO2+ doping, of humic substances, 143
Volatile organic halocarbons

(VOHs), 587
Voltammetric techniques, 159

Wang, Guo, xii, 521
Washing fluids, mixed, 587
Water

phosphorus-induced lead immobilization in,
609–614

preferential flow paths of, 276
Water-soluble lead, 615–616
Water-soluble TE fractions, 480
Water uptake, by roots, 274–277
“Weak” sites, 224
Weathering products, accumulation of, 280
Wetland plants, 356–357
uptake of Se by, 534
WHAM program, 271, 282
Worms, bioassay using, 619–620

XANES spectra, 152–153, 154. See also X-ray
absorption near-edge structure (XANES)
spectroscopy

XAS-active elements, 152. See also X-ray
adsorption spectroscopy (XAS)

X-ray absorption edge, 152
X-ray absorption fine structure (XAFS)

spectroscopy, 450. See also Extended x-ray
absorption fine structure (EXAFS)
spectroscopy

studies using, 244–245
X-ray absorption near-edge structure (XANES)

spectroscopy, 152, 242. See also XANES
spectra

X-ray adsorption spectroscopy (XAS), 112,
242–245, 450. See also XAS-active
elements

techniques for, 152
in XANES and EXAFS regimes, 158

X-ray diffraction, quick, 114
X-ray fluorescence (XRF), 279
X-ray reflectivity measurements, 245

Zeeman effect, 139
Zeolites, 38, 39t
Zero-tension lysimeters, for in situ soil sampling,

472. See also Tension lysimeters
Zinc (Zn). See also Zn entries

bioavailability of, 288
complexes with, 156–157
concentration of, 18
fractionation of, 288, 292–293
speciation of, 299

Zinc adsorption
component additivity approach to, 249–250
generalized composite approaches to, 251

Zirconium-95, 536
Zirconium (Zr) radioisotopes, sources and fate

of, 536
Zn2+ adsorption, 244. See also Zinc entries
Zn2+ –soil HA complexes, RSFs of, 157. See

also Humic acids (HAs)
Zn–Al hydroxide surface precipitates, 106
Zn sorption, effect of residence time on,

202
95Zr, 536


