INDEX

Abiotically/biotically dehaloelimination
523

Acenaphthene 677
Acetic acid 154
Acetone 202,209
Acid front 70, 494
Acidic conditioning 168
Acidic front 105, 112
Activated carbon 20, 180, 400, 484, 633
Adenosine triphosphate (ATP) 376
Adsorption

capacity 288,290

of heavy metals 99
Adsorption—desorption of NACs 267
Advanced oxidation technology 442
Advection—dispersion 570
Advective flux 540
Advective transport 6, 145
Advective velocity 39
Aerobic degradation 392
Agricultural soils 236
Air Quality Standards (NAAQS) 593
Alkaline conditions 114, 144, 307
Alkaline front 99
Alkaline pH conditions 475
Alkyl polyglucosides 204
Alternating current (AC) 671

Ammonia 86, 114
Amphoteric metals 161
Anaerobic microbial processes 525
Anaerobic oxidation 392
Anion exchange capacity (AEC) 705
Anionic metals 12
Anionic pollutants 141
Anionic reactive membranes 322, 326
Anionic species 12
Anionic surfactants 200, 244, 245, 269
Anionic-nonionic mixed surfactants 208
Anode-generated radicals 473
Anodic oxidation 478, 479
Anodophilic bacteria 375
Anthracene 677
Anthropogenic processes 198
Application area 703
Applications
of electrokinetic technologies 590
of electrokinetics in Europe 583
Aqueous solubility 515
Arrhenius equation 508
Arsenic 13,105,112, 114, 307, 352, 616,
617
Arsenic-contaminated soil 497
Atomic Energy Act (AEA) 604
Atomizing slag 458, 499, 655

Electrochemical Remediation Technologies for Polluted Soils, Sediments and Groundwater,

Edited by Krishna R. Reddy and Claudio Cameselle

Copyright © 2009 John Wiley & Sons, Inc.



720 INDEX

Atrazine 250,261
Availability of nutrients 22, 369, 393
Average tortuosity 289

Bacterial adhesion 375, 377
Bacterial mobility 396, 377
Bacteriological decomposition 362
Barrier filled with FeOOH 497
Based treatment zones 628, 630
Bench-scale electrobioremediation 409
Bench-scale test 609
Bentazone 252,261
Bimetallic nanoparticles 443
Bioaccessibility 373
Bioaccumulation 223, 666
Bioaugmentation 395
Bioavailability 372, 531

of contaminants 21

of electron acceptors 393

of pollution 370
Biocatalytic reactions 530
Biodegradability and biocompatibility 201
Biodegradable contaminants 390
Biodegradation 197

capacity 529

of chlorinated compounds 403

constraints 393

of diesel-contaminated soil 379

of explosives 272

pathways 390

reaction 525

of VOCs 366, 363
Biological activity 88
Biological immobilization 21
Biological processes in soil 423
Bioreduction 492
Bioremediation

of chromium-contaminated soil 403

limitations 392

of organic contaminants 317
Biostimulation 13, 395
Biosurfactant-enhanced EK 210
Biosurfactants 14, 201, 203
Biotransformation 370

of contaminants 391

rates 373
Bipolar electrodes 115
Boiling point of the mixture 509
Boron-doped diamond electrodes 479, 481
Brackish conditions 619
Brij-30 204
Brij-35 202

BTEX 208, 212, 390, 684
Buffer capacity 65, 82
Buffering capacity 10, 187, 190
Bulk conductivity 43
By-product formation 620

CAA Requirements 601

Cadmium 105, 112, 296, 299, 340, 458, 616,
618

Calcareous soils 113

Capacitance 53

Carbon dioxide (CO,) 509

Carbon electrodes 345

Carbonate complexes 170

Carcinogenic effects 198

Catabolically active microorganism 373

Catalytic iron wall 451

Catalyze direct reactions 480

Cathodic production of hydrogen peroxide
476

Cathodic protection 632,704, 714

Cation exchange capacity (CEC) 46, 145,
266, 297, 699, 705

Cation transport 571

Cationic heavy metals 12

Cationic surfactants 243, 269

Cavitation phenomenon 442

Cesium 128, 130, 131, 134

Cetyltrimethylammonium bromide 208,
244,269

Chain reactions 452

Change of polarity 479

Charge density 31

Charge flux 40, 570

Charged complex species 10

Chelating agents 16

Chemical adsorbents 484

Chemical energy 668

Chemical equilibrium 547

Chemical forms of metals 293

Chemical gradients 67

Chemical oxidation 197, 440

Chemical potential gradient 568, 570

Chemical precipitators 484

Chemical reactions 41

Chemical reduction of nitrate 442

Chemical speciation

changes 10
models 24

Chemical washing of sediments 151

Chemiosmosis 391

Chemistry of the bulk fluid 37



Chloride concentration 480, 512, 656
Chloride index 365
Chloride ions 141
Chlorinated benzenes 227
Chlorinated compounds 512
aliphatic 526
aliphatic hydrocarbon 14,219
aromatic 315
organic 219, 498
Chlorinated pesticides 14, 235
Chlorinated solvents 390, 632
Chlorinated-hydrocarbon contaminated site
450
Chlorine dioxide 480
Chlorine 479
production 480
Chlorobenzenes 14,219
Chloroethene biodegradation 404
Chlorophenols 14, 219, 223, 448
Chromate 353
Chromium 13, 87, 105, 113, 299, 306, 458,
616, 618
electromigration 187
speciation 10
Citric acid 86, 165,173
Clean Air Act (CAA) 590, 593
Clean Water Act (CWA) 590, 594
Cleanup methods for contaminated
sediments 664
Clogging in the PRB 485
Coal tar 689
particles 690
Coarse-grained soils 98
Coated titanium 714
Coefficient of electroosmotic conductivity
32
Colloid conductivity 670
Combination of electric and hydraulic
gradients 339
Combined barrier 352
Cometabolic processes 526
Competitive ions 6
Complex charge 72
Complex microbial habitat 422
Complexation 11, 65, 83
Compost 425,431
Comprehensive Environmental Response,
Compensation, and Liability Act
(CERCLA) 590, 591, 596
Conditioning liquids 322
Conduction and convection 23
Conductivity 42
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Confined aquatic disposal 149, 150
Confined disposal facilities 150
Conservation of charge 571
Consolidation 17
Contaminant
disposal 616
mixtures 15,22
movement 610
plume 633
recovery 616
spread 568
Contaminated ground 651
Contamination level 496, 648
Copper 111, 113,296, 343, 616
Copper ions 708
velocity 350
Corrosion of the ZVI 494
Cosolvents 14, 15,200, 455
for chlorinated pesticides 246
-enhanced EK 209
-enhanced systems 209
extracting solution 320
Cost
breakdown 586
of electrochemical remediation 584
of electrokinetic remediation 583
of installations 584, 586
of the Lasagna process 644
of mixed contamination treatment
328
treatment 155, 618
variables 585
Cost-effective rectifier 630
Counterions 72
Coupled bio-electro processes 406
Coupled EK—chemical redox 440
Coupled EK-ultrasonic process 459
Coupled electrokinetic permeable reactive
barrier system (EK-PRB) 27, 651
Coupled technologies 18
Coupled transport equations 67
Coupling electrokinetics-bioremediation
369
Coupling electrolysis-microbial degradation
404
Cr(VI)
reduction 190, 191, 487, 489, 490
-contaminated clay 492
-contaminated soils 181
Creosote
-contaminated clay 452
-contaminated soil 378
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Critical micelle concentration (CMC) 200,
239
Cross-contamination of water 249
Cumulative flow 38
Current density 40
CWA Requirements 601
Cyclic electric field 115
Cyclodextrins 14, 15, 87, 154, 201, 203, 210,
212,229, 232,299, 320, 453
chemistry 269
-enhanced EK 209

Dalton’s law 509
Darcy’s law 7
Darcy’s velocity 237
Data on energy requirements 706
Data on remediation time 706
DC rectifier 636, 642
DDT 240, 242, 243, 245
Debye screening length 31
Dechlorinate VOCs 363
Dechlorinating microorganisms 528
Dechlorination reaction agents 498
Decomposition

of water 6

of VOCs 363
Degradation

of contaminants 19

of nitrate 464

of organic compounds 152, 440

rate 270

of soils 419
Dehydrohalogenation 523
Demarcating the contaminants 711
Demonstration sites 583
Dense nonaqueous phase liquids

(DNAPLs) 626,497, 505

Density and temperature 516
Dental/skeletal fluorosis 143
Depletion of organic contaminants 657
Depolarization of cathode 166
Desorb/dissolve the heavy metals 97
Desorption

/dissolution process 98

of HOCs 228

kinetics 228

of PAHs 202

phenomena 290
Detergents 315
Dewatering 17

sediments 149, 151
Dichloroethene 390, 359

Dichloroethylene 499
Dichlorophenol 225
Dichloropropane 521
Dielectric constants 8, 244

of pore fluid 8
Dielectric layer 669
Diesel-contaminated soil 208, 379
Diffuse double layer (DDL) 7, 51
Diffusion 9, 30
Diffusion potential 31
Diffusion coefficient 288, 289, 337
Diffusion of nanoiron 461
Diffusional flux of ions 40
Diffusive flux 540
Dimension stable anodes (DSAs) 473
Direct anodic oxidation 445, 446
Direct oxidation 473
Direct risks 714
Dissolved gases in groundwater 514
Dissolved ions 698
Distribution of contaminants 496
DNAPL 635
Dodecyl sulfate 269
Donated/accepted electrons 11
Double layer 8,11
Double-layer structure 669
Dredged material/sediment 153, 663, 673
Dynamic chemical equilibrium 378
Dynamic geochemistry 10

Ebonex 714
Ebullition in saturated porous media 509
ECGO 671,673

ex situ treatment 683

field demonstration 26

in situ treatment 672

technology 672, 694
Economic considerations 24

of electrokinetics 584
Ecotoxicological assessment criteria 304
EDTA 85,154,172, 173,299, 310, 324,

619

-enhanced test 165

-enhanced treatment 80, 162

metal complexes 163
Effective diffusion coefficient 570
Effective diffusivity 373
Effective electrokinetic mobility 708
Effective ion mobilities 289, 700
Effective porosity 8
Efficient biotransformation 376
Eh-pH diagram 88



Einstein-Townsend relation 541

EK. See electrokinetics

Electric conductivity 161

Electric dipole 668

Electric double layer 30

Electric field strength 7

Electric fields 32,59

Electric potential applied 6

Electric power supply 704

Electrical conductivity 621, 637

Electrical conductor 67

Electrical dipoles 11

Electrical energy 668

Electrical gradients 67

Electrical management 630

Electrical power requirements 365

Electrical resistance 543,553
heating (ERH) 22, 505, 636
method 709

Electrobiofence 358, 366

Electrobioremediation 370, 403

Electrochemical biotransformation 377

Electrochemical degradation 224

Electrochemical Design Associates (EDA)

25,614

Electrochemical geo-oxidation (ECGO) 21,

661
Electrochemical ion exchange 703
Electrochemical leaching 135
Electrochemical microreaction sites 447
Electrochemical model 52
Electrochemical oxidation 152, 445, 473,
540
Electrochemical oxidation/reduction 445
Electrochemical phenomena 699
Electrochemical production of electron
donors/acceptors 396, 403
Electrochemical reactions 66, 88, 377
Electrochemical reduction 540
Electrochemical remediation costs 24
Electrochemical solid bed reactor 447
Electrochemical stabilization 22
Electrochemical transformations 11, 55
Electrochemical transport 29, 50
Electrochemistry and geochemistry 23
Electrodes 585
array 653
conditioning 299
configuration 629
filters 357
installation 674
materials 445,479, 714

INDEX 723

placement 584
polarity 449
potentials 68
reactions 46, 407
rows 359, 361, 636
selection 621
system 615
Electrodialysis 117
Electrodialytic remediation 116, 303
Electroendosmosis 8
Electrokinetic Ltd. 484
Electrokinetic Biofence (EBF) 19, 357, 360,
362, 403, 704
Electrokinetic Fence (EKF) 339, 704
Electrokinetics (EK) 5,379
advantages 622
assisted surface transformations 56
barriers 17, 18, 24, 336, 352, 572
biobarrier 18, 19
bioremediation 18,21
chemical oxidation/reduction 18, 20
coupled chemical redox processes 465
delivery of nanoiron 462
disadvantages 622
dispersal of bacteria 371
enhanced bioremediation 403
enhanced flushing 18
enhanced remediation 273
enhanced by ultrasonic 321
extraction 18
facilitating agents 198
Fenton process 447, 220
gradient 568
induced mass transfer 395
induced mass transport 395
laboratory tests 697, 705, 707
limitations 619
mechanisms 440
mobility 708
nanoparticle treatment 460
optimization by soil type 279
and permeable reactive barriers (PRBs)
18, 20, 499, 653
phenomena 697, 699
phytoremediation 18,21
point 670
recovery of heavy metals 291
remediation for mixed contamination
318
remediation of sediments 5,152,173, 609
removal of chlorobenzenes 229
removal of toxic metabolites 377
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Electrokinetics (EK) (cont’d)

screens 129

schematic diagram 647

stabilization 18,22

technology application 422

thermal treatment 18

transport 71, 440

transport of nutrients 400

velocity 482,708
Electro-Klean™ 484
Electrolysis

reactions 8,9, 23

of water 290
Electrolytes 479

circulation 361, 616

decomposition of water 68

effect of 211

management 362, 702

processes 714

purification 703

reactive barriers 18, 19, 26

solution circulation 357

stimulation 405
Electromigration 6, 30, 98, 337

flux 540

of ionic species 698

of ions 40, 568

nitrate transport 402
Electromobility of anionic surfactants

245

Electron acceptors 21, 317,391, 400
Electron donors 21, 363, 391, 528
Electroneutrality 30, 70, 557
Electronic conductor in soils 669
Electro-osmosis 32, 337, 698, 701

advection 7,15, 492

conductivity 23, 567

efficiency coefficient 35

flow 8,14, 65,73, 336, 481

flow direction 76, 567

flow rate 86

flow velocity 7, 32,237,708

flux 540

mobility 38, 708

permeability 489

permeability coefficient 8§, 450

transport 32,708
Electro-oxidation 453
Electro-oxidation—clectroreduction 454
Electrophoresis 9, 244, 698, 701
Electrophoretic mobility 74
Electroreclamation (ER) 5, 611, 697

Electroremediation 5
Electrosorb process 25, 614
Electrosynthesis methods 21
Elevated temperatures 530
Energetic compounds 13, 15, 266
Energy

consumption 171,327,492, 708

requirements 540

transport 506, 522
Engineer Research and Development

Center (ERDC) 614

Engineering of bioremediation 389
Enhanced biodegradation 23, 395
Enhanced electrochemical remediation 5
Enhanced reduction 55
Enhanced reductive dechlorinization 359
Enhancement

agents 71

of contaminant bioavailability 395

methods 111

by reagent addition 112

solutions 11

strategies 12
EnViroCell® 703, 713
Environmental biotechnology 369
Environmental laws 25, 589
Environmental properties of cosolvents

201

Environmental regulations 25, 590
Equation for the mass transport 570
Equilibrium equations 540, 548
Equivalent circuit 54
ER laboratory tests 712
Escherichia coli 375
Estimated costs 24
Ethyl benzene 208
Evolution of oxygen 480
Ex situ field applications 661
Ex situ/in situ method 5
Excavation methods 265
Exoelectrogens 375
Exposure to pollutants 421
Extracting agents 151

Facilitating agents 232

Faradaic current 11, 52,55

Faradaic paths 668

Faraday constant 31, 30, 68, 288, 568

Faraday’s law 68, 405, 544

Federal Insecticide, Fungicide, and
Rodenticide Act 590

Fenton process 440



Fenton’s reagents 20, 21, 441, 476
Fermentation reactions 391
Fick’s second law 40
Field applications 25
in Europe 26
in Korea 27
setup 615
Field biofence 362
Field investigations 715
Field Setup 712
Field-scale application 609
Field-scale applications of electrokinetics
610
Fine-grained soils 65, 75, 98
Finite element model 569, 571
Flow of the current 30
Fluid viscosity 8
Fluoranthene 677
Fluorene 677
Fluoride 12
complexes 146
contamination 143
mobility 146
Fluorite solubility 146
Fluvic acids 678
Fly ashes 118
Food production 250
Foreseeable risks 714
Formation of H" and OH™ ions 578
Freshwater sediments 118
Fuel hydrocarbons 315
Fugacity of CO, 514
Full-Scale test 636
Full-time operation 642
Fungicides 223
Future directions 27

Gasoline hydrocarbons 197
Gene transfer between soil bacteria 377
Generation

of hydroxyl ions 558, 698

of protons 558, 698
Geochemical characteristics 26
Geochemical model 551
Geochemical processes 11, 66,79
Geochemical reactions 22, 431
Geokinetics International, Inc. 611
Geotechnical stabilization 179
Geotextile fabric 631, 636
Gibbs free energy 391, 525, 527
Granular carbon electrodes 626
Granular Fe’ 492
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Graphite rod 492
Groundwater 3
conditions 628
contaminant plume 19
dissolved gases 514
flow direction 359
in situ remediation 484
movement 628
natural flow 336
pollution 18, 358, 651
redox potential 525
samples 711
and soil contamination 420
steady flow 650
temperature 512
Growth rate of thermophiles 530

Halogenated alkanes 519
Harbor sediments 118, 155
Harmful/hazardous by-products 620
Hazardous and Solid Waste Amendments
(HSWA) 589, 590
Hazardous under RCRA 600
Heat capacity 508
Heat of vaporization 508
Heat transport 23
Heavily polluted sludge 616
Heavy metals 3,5, 11, 15, 315, 698
complexes 112
contamination 287, 541, 657
and organics 115
remediation 440
retention 99
simultaneous removal of, with organic
pollutants 322, 329
and soil type 99
-spiked kaolinite 609
HEDPA 86
Helmbholtz double layer 668
Helmholtz—Smoluchowski
equation 33,305
model 72,73
theory 7,204
Henry’s law constant 518
Henry’s law 509
Herbicides 13, 14, 223
Heterogeneity of contaminant levels
693
Hexachlorobenzene 227, 240, 453
Hexavalent chromium 180
High-pH environment 9, 13
High-tech electrode materials 474
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HOC 14, 80, 197, 228, 369
aqueous solubility 210
bioavailability 210, 379
-bioremediation efficiency 379
Human health, impact on 250
Humic acids 678
Humic substances 35
Humin 679
Hydration shells 267
Hydraulic conductivity 7,521, 568
Hydraulic flow 6,7, 8
Hydraulic gradient 7, 67, 339, 567
Hydrocarbon contaminants 459
Hydrodechlorination 444
Hydrofracturing techniques 460
Hydrogen and hydroxyl ions 46
Hydrogen ions (H*) 6,9
Hydrogen peroxide 21, 321, 450, 474, 476
Hydrogenolysis 444
Hydrolysis 519, 532
Hydrophobic chemicals 372
Hydrophobic organic compounds (HOCs)
14, 80, 197, 228, 369
aqueous solubility 210
bioavailability 210, 379
-bioremediation efficiency 379
Hydrophobic organic contaminations 474
Hydroxyl (OH") ions 6,9, 546
Hydroxyl radicals 21, 440, 441, 450, 473,
481

Igepal 207,209
Immobility of contaminants 79
Impact of electric fields on microorganisms
380
Implementing electrokinetic remediation
597
Implementing electrokinetics 621
In situ biodegradation 530
In situ electrodes 670
In Situ Electrokinetic Extraction (ISEE)
611
In situ field applications 661
In situ heating 517
In situ pilot project 667
In situ remediation
bioremediation 279
groundwater 484
sediment remediation 154, 664
thermal remediation 505, 526, 530
Inaccessibility of contaminants 393
Indirect risks 714

Induced mass transfer/transport 400
Induced polarization 668
Industrial sludge 118
Inhibited microbial activity 402
Inhibitory effect of multiple metals 297
Inhibitory effect 288
Initial ion concentration 6
Injection nanoscale zero-valent iron 463
Injection of nutrients 21
Inner Helmholtz layer (IHL) 668
Inner Helmholtz plane (IHP) 51
Innovative removal of contaminants 420
Inorganic pollutants 11,17
Insecticides 223
Integration with conventional technologies
5
Interactions of geochemical processes 89
Interfacial tension 200
Intermittent current 153
Iodide/iodine 85
Ton charge 7
Ton exchange
capacity 698
membranes 16
reactions 550
Ton mobility 7
Ion transport 43,39
Ton velocity 41
Tonic conductivity 670
Tonic conductor 669
Ionic current 539, 543
Tonic migration 6,492, 539
Tonic mobility 7, 70, 288, 289
ITonic surfactants 14
Tonic valence 7,288
Iron
-chromium speciation 191
electrodes as anodes 477
filing conveyance 626
filings 632
nanoparticles for nitrate reduction 443
oxide/oxyhydroxides 184
reactive wall 226
-reducing bacteria 485
-rich barrier 89
-rich electrodes 180, 181
-rich environment 187
-rich mineral phase 191
-rich sacrificial electrodes 22
wall 456,458
Irreversible permeabilization of cell
membranes 408



Irreversible sorption 268

ISEE technology 617

Isoelectric point 567

Isomorphic substitution 72
Isopropyl alcohol 202

Isotron Corporation 614

Iterative numerical integration 544

Joule heating 23

Kinetics of biodegradation 529
Kirchhoff’s laws 554

Laboratory experiments 715
Laboratory-scale studies 610
Land disposal restrictions 589
Large-scale test 634
Lasagna™ Process 26, 409, 455, 484, 583,
625
configuration 626
costs 638, 643
implementation 627
installation 630, 640
systems 586
treatment zones 643
Leaching technique 304
Lead Recovery Technology 614
Lead 111, 113,130, 296, 352, 616
-EDTA complexes 326
-oxide electrodes 481
Light nonaqueous phase liquids (LNAPLs)
517
Liquid-soil heating 522
Low aqueous solubility 199, 370
Low buffering capacity 401
Low electrical fields 59
Low volatility 519
Low-permeability soils 5, 625
Low-pH conditions 9, 12, 22,75, 76
Low-polarity organic molecules 268

Major cost variables 585
Management
of nonhazardous solid wastes 592
of pH 703
Mass conservation equation 540, 541, 552,
558
Mass transport equation 47
Materials requirements 584
Mathematical models 23, 540
Mechanisms
in electrokinetic removal 288
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of metal removal 160
Membranes, selective 668
Mercury 111, 113, 114, 154, 309, 665

-iodide complex 86
Metabolic activity 23, 530
Metabolic dechlorination 526
Metal complexes 161
Metal hydroxides 13
Metal hyperaccumulators

aquatic species 428

plants 427
Metal partitioning 158
Metal species 620
Metal transport competition 86
Metal-EDTA complexes 17, 84
Metal-tolerant plant 428
Methane production 514
Methanogenic conditions 528
Microbes 392, 431

activity 408

constraints 392

degradation 394, 531

metabolism 391

nutrients 400

pollution degradation 145

temperature tolerance 529

transport in porous media 373

uptake rate 373
Microconductors 447
Microelectrodes 11, 50
Microorganisms 462, 484. See also microbes
Mineralogical and geochemical data 496
Mineralogy of soil 37
Mines

drainage 335

tailings 116

waste 118
Mixed surfactants 202
Mixtures of contaminants 316
Mobility

of contaminants 316

of phenanthrene 326

of surfactants 244
Mobilization

of HOCs 238

of hydrocarbons 396

of phenol 225
Model

of the electrokinetic flow phenomena

569
of the electrokinetic remediation 539
for ionic species 45
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Model (cont’d)

of the migration 569

simulations 575

validation 571
Modified nanoparticles 460
Moisture content 704
Molecular diffusion coefficient 7
Molinate 251,261
Monitoring wells 365
Monodentate ligands 83
Movement

of heavy metals 97, 338

of pore water 539
Multidentate ligands 83
Multiphase flow 521
Multiple organic compounds 15
Municipal drinking water 223

NaCl purging solution 278
Nanoiron 57,443
Nanomaterials 459
Nanoscale iron particles (NIPs) 461
Nanoscale ZVI 460
Nanosized iron slurry 461
Nanosized palladium/iron 463
Nanotechnology 279
Naphthalene 203, 515
NAPLs. See Nonaqueous phase liquids
National Ambient 593
National Contingency Plan (NCP) 591
National Pollutant Discharge Elimination
System (NPDES) 594
National Priorities List (NPL) 591
n-butylamine 87,209
Negative redox potentials 525
Nernst equation 543
Nernst-Einstein relation 39, 568
Nernst-Einstein-Townsend equation
7

Nernst-Planck equations 30
Net proton charge 72
Neumann boundary 45
Newton—-Raphson method 550
Nickel 111,113,299, 318, 616
Ni-EDTA complexes 326
Nitrates 12

barrier 351

contamination 141, 142

reduction 524

transformation 145
Nitric acid 154, 168
Nitroaromatic compounds 15, 267

Nitrobenzene 275
Nonaqueous phase liquids (NAPLs) 81,
238, 515

azeotropic systems 509

density 516

volatilization 532
Nonfaradaic paths 668
Noninsulated electrodes 153
Nonionic polyoxyethylenes 202
Nonionic surfactant 207, 245, 462
Nonlinear equation system 548
Nonuniform electric field 225
NPO Radon organization 136
Nuclear wastes 127
Numerical integration 542, 552
Numerical model 49
Numerical solution 541
Nutrients 358, 361

dispersion 403

restoration of 431

transfer of charged 379

transport 317,378

Objects, buried 628
One-dimensional mass transport 47
One-dimensional model 24, 541
Operation on the field 640
Organic carbon demand 524
Organic compounds 3,5
Organic contaminants 22, 625, 657
Organic cosolvents 232
Organic matter 212
Organic pollutants 13, 17, 440
ORP 681
OSHA requirements 603
Outer Helmholtz layer (OHL)
668

Outer Helmholtz plane (OHP) 51
Oxalic silica-alumina gel 131
Oxidation

of hydrocarbons 477

mediators 474

of nanoiron 462

of phenanthrene 321

state 306

—reduction potential 23,55, 523

—reduction reactions 10
Oxidative biodegradation 21
Oxidative degradation 391
Oxidizing agents 524
Oxygen 478
Ozone 478



PAHs. See Polycyclic aromatic
hydrocarbons
Particle separation technology 663
Partitioning coefficient 241
Pb-EDTA complex 619
PCBs 665, 675
treatment 680
Pentachlorophenol (PCP) 224, 450, 461
Perchloroethene 359, 390
Perchloroethylene (PCE) 220, 456, 498
Periodic electric potential 14,15
Periodic voltage application 320
Permanent chemical transformations 670
Permanent structural charge 72
Permanganate 474,477,478
Permeable electrolyte wells 702
Permeable reactive barrier (PRB) 226, 455,
484, 648
schematic diagram 649
Permittivity
of the fluid 73
of the solvent 32
Peroxodisulfate 480
Persistence of CPs 223
Persulfates 477
production 481
Pesticides 13, 315, 519
contamination 249
Petroleum hydrocarbons 683
pH
adjustment 14
buffering 211,291
change 46
control 76,211, 359
gradient 6, 11, 65, 70, 79, 401
high-pH environment 9, 13
jump 9
low-pH conditions 9, 12, 22,75, 76
Phenanthrene 202,203, 204, 209, 212, 321,
452,677,318
removal 325
Phenols 197
-contaminated soils 449
phenolic compounds 155
Phosphates 145
Photolytic degradation 227
Physical-chemical interactions 540
Physicochemical cell surface properties 374
Physicochemical data 710
Physicochemical processes 324
Physicochemical remediation technologies
697
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Phytoaccumulation 426
Phytoelectrokinetic 429
Phytoextraction 426
Phytofiltration 426
Phytoremediation 115,317, 424, 430, 433
EK 18,21
limitations 425
wetlands 426
Phytostabilization 425, 426
Planar electrodes 629, 632
Plant toxicity 22
Platinum
-coated titanium 137
electrodes 479
Point of zero charge (PZC) 8, 73,227
Poisson’s equations 30
Polar organic solvents 200
Polarity, change of 479
Polarization 52
Polonium 130
Polychlorinated biphenyls (PCBs) 13, 315,
393, 604
Polychlorinated organic compounds 13
Polycyclic aromatic hydrocarbons (PAHs)
13,14, 81, 87, 155, 197, 315, 390, 452,
515, 661, 665, 675
-degrading soil bacteria 376
properties 198
results 688
solubility 200, 202, 530
source 694
thermophilic degradation 531
Pore fluid chemistry 648
Porosity 8
Porous media, high 489
Positive zeta potential 460
Potential for emissions 600
Power
consumption and requirements 584
system 615
Precious metal 714
Precipitate/adsorb 99
Precipitation of heavy metal 540
Precipitation reactions 550
Precipitation—dissolution reactions 10, 297
Production/consumption rates 547
Protection
clay screens 132
electrokinetic barriers 129
screens 129, 130, 132
Pseudonomas species 210,203, 399
Public safety and protection 642
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Pulsed electric fields 115

Pulsed high electrical field gradients 377
Pulsed voltage 346

Pump and treat remediation 265, 575
PVC chambers 655

Quantity of organic matter 316

Radical generation 475
Radioactive concentration 136
Radioactive contamination 127
Radioactive nuclides (radionuclides) 3, 5,
11,13, 127,132,315
cleaning 132
diffusion 129
leaching 129
pollutants 134
removal 129
Radium 130
Raoult’s law 509
RCRA regulations 600
RDX 265
Reactive iron barrier 353
Reactive materials 400, 649
Reactive media 20
Reactive membranes 326
Reactive zone 484, 486
Recalcitrant NAPL 530
Recultivation 419
Redox biodegradation 524
Redox chemistry 10
Redox potential of groundwater 525
Redox reactions 11, 52, 65, 87,112
at the microscale 668
Reducing agents 88
Reducing/oxidizing agents 10
Reduction
of Cr(VI) 180, 184
of TCE 626
of ZVI 493
Reduction potential 88
Reductive anaerobic transformation
processes 392
Reductive dechlorination 392, 443, 461,
524
Reductive dehalogenation reactions
528
Regulation
considerations 25
limits 157, 617, 585
for RD&D 601
for wastes and residuals 595

Remediation

of CAHs 220

data 710

equipment 713

limits 419

options 711

time 620, 705
Removal

of CPs 223

of heavy metals 97

mechanisms of mixed metals 305
Resource Conservation and Recovery Act

(RCRA) 589, 590, 592

Reverse EOF 243, 449, 493
Rhizofiltration 426
Rhizosphere 429
Rubidium 130
Runge—Kuta method 545

Sacrificial aluminum electrodes 179
Sacrificial electrodes 187, 642
Sacrificial iron electrodes 89, 353
Safe Drinking Water Act (SDWA) 590, 594,
603
Safety issues 632
Salt removal 17
Sandia National Laboratories (SNL) 25,
611
Saturated or vadose zones 643
Scanning electron microscope (SEM)
182
SDWA. See Safe Drinking Water Act
Secondary reactions 480
Sediments 117
characterization 150
consolidation 153
contaminated 3, 17, 149, 229, 693
pH 160, 163
treatment 151
Selective membranes 668
Selective oxidation 476
Sequential biodegradation pathway 404
Sequential electrochemical treatment 16
Sequential extracting solutions 319
Sequential extraction 304
Sequential oxidation and reduction 19
Settling velocity 153
Simultaneous removal of heavy metals and
organic pollutants 322, 329
Site characteristics 628
Site preparation 585, 586
Sodium dodecyl sulfate 202



Sodium 269
transport 340

Soil
acidification 105
aged polluted 97
agricultural 236
arsenic-contaminated 497
biological processes 423
biology 22
bioremediation 389
buffering capacity 11, 12
calcareous 113
changes in structure 423
chemical analysis 621
chromium-contaminated 403
coarse-granied 98
conductivity 6,292
-contaminant interactions 65
controlling alkalization 191
Cr(VI)-contaminated 181
creosote-contaminated 378
degradation 418, 419
decontaminated materials 419
diesel-contaminated 208, 379
electronic conductor in 669
fertility 427
fine-grained 65,75, 98
gene transfer between bacteria 377
and heavy metals 99
heterogeneities 5, 620
high buffering capacity 112,113
high organic content 207
legislation 417
low-permeability 5, 625
mineralogy 37
natural functions 417
organic matter 268
PAH-degrading bacteria 376
permanent-charge 73
permeability of granular 521
pH 12, 16, 144
phenol-contaminated 449
pollution problem 418, 420
porosity 6,7
properties 212,232,318, 431, 496
quality 22
remediation technology 697
saturation 5, 621
secondary pollution 475
/solution chemistry 207
structure changes 423, 432
substance transformation 419

INDEX 731

surfactant-enhanced remediation 202

TCEs in 222

temperature 629, 638

tortuosity 7

types 417

vapor extraction 572

variable-charge 73

washing 151

-water sorption coefficients 517
Solar power 346, 365
Solidification/stabilization 151
Solid-liquid distribution coefficient 241
Solid-phase particulate coal tar 662
Solubility

-enhancing agents 14, 197, 204,232, 274

of organics 239

of PAHs 202, 530

solubilization/desorption of PAHs 200
Soluble complexes 16
Soluble organic pollutants 197
Soluble-phase redox couples 88
Solvation water layer 669
Solvent mixtures 199
Solvent-flushing processes 200, 203
Sonochemical degradation 441
Sorption

coefficient 238

-desorption 10, 65, 79

of hydrophobic organic compounds

237

isotherm 238
Speciation, of heavy metals 294, 304
Specific conductance 38
Stability constants 85
Stainless steel 137
Standard reduction potentials 528
Steam stripping 514
Stern layer 52
Stimulated biodegradation 370, 400
Stimulation of bioremediation 145
Strategy of remediation 429
Streaming potential 569
Stripped contaminants 514
Strontium 130, 131
Sulfate-reducing conditions 528
Superfund sites 25

cleanup process 592
Superfund Amendments and

Reauthorization Act (SARA) 591

Surface charge of the solid matrix 8
Surface complexion reactions 550
Surface functional groups 72
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Surfactants 14, 15, 81, 87, 199, 200, 238, 320,
characteristics 200
classification 200
-coupled electrokinetic methods 244
-enhanced remediation 202, 204, 238
micelles 208, 243

TCE 633
contamination 220, 400, 640
dechlorination 634
in low-permeability soils 222
residual 641
Tergitol 204,207
Terminal electron acceptors 369, 523
Test cell preparation 673
Tetrachloroethane 451
Tetrahydrofuran 209
Thermal conductivity 506, 507
Thermal diffusivity 507
Thermal oxidation and desorption 151
Thermal properties of materials 507
Thermal treatment 419
Thermally enhanced hydrolysis 519
Thermophilic degradation of PAHs 531
Thorium 127, 128, 130
Titanium 479,714
Tortuosity 8
Total organic carbon (TOC) 453, 676, 678
Toxic radioactive elements 127, 128
Toxic Substances Control Act (TSCA) 590
Transference number 42, 298
Transient ORP 57
Transport distance 112
Transport number 556
Transport
of charge 30
of nutrients 317
of oxidants 473, 474
processes 6, 9,23
Treatment costs 155, 618
Treatment zone spacing 629
Trichloroethane (TCA) 220
Trichloroethene 359, 390, 511
Trichloroethylene (TCE) 14, 197, 220, 463,
448
Trichloropropane 521
Trinitrotoluene 265
Triton X-100 202

Turbo test 706
Tween 80 202, 204, 207, 240, 242
Two-dimensional model 24, 552

Ultrasonic technology 21, 115, 459

Uncertainties in field applications 715

Unenhanced electrochemical remediation 5

Unenhanced sediment treatment 159

Unforeseeable risks 715

United States Army Environmental Center
(USAEC) 25,614

United States Environmental Protection
Agency (USEPA) 25, 604, 611

Unpredictable performance 610

Uranium 130

Validation of the model 578
Vapor pressure 518
Vinyl chloride (VC) 363, 390, 499
Viscosity
of organic liquids 517
of pore fluid 8
of solvent 32
Volatile organic compounds (VOCs) 360,
517,596
Voltage gradient 8
effect 213
small 567
Volumetric flow rate 8

Waste disposal 3

Waste-water sludge 118

Water management 628

Water quality standards 594
Wetlands phytoremediation 426

Zeolite 499, 653
Zero-valent iron (ZVI) 20, 22,13, 115, 145,
456, 497, 626, 629, 634, 653, 485, 443
aggregate 499
thickness of barrier 489
Zero-valent metal 222, 456
Zero-valent zinc 498
Zeta potential 8, 11,23, 33, 65, 73, 208, 244,
306, 338, 628
Zinc 111,113,296, 343, 616
ZVI. See zero-valent iron
Zwitterionic surfactants 17,322
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