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abiotic catalysis, 49-50, 261
acenaphthene, 126, 136, 138, 141
Achromobacter, 210, 215
acid mine drainage, 328-9
Actnetobacter, 104, 106
species PG (now Rbodococcus globerulus), 211,
212, 215-16, 224
strain 4-CBA, 21617
Acinetobacter calcoaceticus, 104, 109-10, 112, 325,
327
Acremonium chrysogenum, 356
Actinomyces, 196
activated sludge reactors, 21--2
active transport, metals, 320
adhesion, microorganism hydrocarbon, 109--10
adsorbents
biological, 331
co-immobilized, 163
aeration methods, in landfarming, 25
air, 158
bioventing, 5-6, 155, 172
dichloromethane-contaminated, 307
PAH deposits in, 130-1
sparging, 6, 155, 172
Alcaligenes, 159-60, 210-11, 225
Alcaligenes eutrophus, 358
Alcaligenes entropbus H850, 213, 222, 231
algae
hydrocarbon degradation, 105, 134, 135, 140,
143
hydrocarbon synthesis, 128
AlgaSORB, 329
alkane hydroxylase, 106, 107
alkanes, 103-4, 106, 128
Alrernate Concentration Limits (ACLs), 149
Alternative or Relevant and Appropriate
Requirements (ARARs), 149

aluminium oxides, 37
ammonia, 6, 158, 309, 346
anaerobic microorganisms
BTEX degradation, 61-92
chlorinated phenol degradation, 260, 2624
consottia versus pure cultures, 199—-200
nitroaromatic degradation, 198-9, 202-4
PCB degradation, 218-21
anaerobic processes, 7-8, 17
chlorinated phenol bioremediation, 265, 266,
272, 284
groundwater bioremediation, 235
PCB bioremediation, 229, 230, 231-2, 234
predicting degradation rates, 20
slurry reactors, 30-1
anaerobic—aerobic processes, 23~5, 230
analog enrichment, 17
see also co-reagents/co-substrates
anthracene, 126, 136, 139, 141, 142
antibody detection methods, 372-3, 374
aquatic systems, see water
aquifers, see groundwater
aromatic hydrocarbons, 104-5, 342, 343-5
see also nitroaromatic compounds; polycyclic
aromatic hydrocarbons
arsenic (As), 313, 314, 319, 322
Arthrobacter, 214, 216, 222, 226, 265, 329
Arthrobacter aurescens, 198
ATPase, 320
Azoarcus, 75, 76, 90-1
Azotobacter, 262

Bacillus, 196, 329

Bacillus brevis strain B-257, 215
Bacillus cereus, 323

Bacillus megaterium, 322
Bacillus subtilis, 320, 323
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barium chloride, 331
bark chips, 274-80
beach, oil-contaminated, 11718, 162
benz{zJanthracene, 126, 137, 139, 141
benzene, 62, 63-9, 99
benzolalpyrene, 126, 141, 142
biodegradation, 106, 137, 139, 140
equivalence, 147
benzoate, 77, 78, 344, 345
benzoate 2,3-dioxygenase, 351-3
benzoic acid, 77, 104-5
benzylfumaric acid, 78-9
benzylsuccinic acid, 78-9
BIO-FIX, 329
Bio Trol aqueous treatment system, 22, 267
bicaugmentation, 228, 342
with plants, 168
see also inoculation of microorganisms
bicavailability, 15, 46-8
chlorinated phenols, 256~7, 264
metals, 316-18
PAHs, 143-4
PCBs, 234-8
see also sorption/desorption
biocides, 254
BIOCLAIM, 329
biodegradation
definition, 1
pathways, 18
rates
constants, 18, 19
environmental factors affecting, 16-18
by indigenous microorganisms, 16
prediction, 18-20
in soil slurry reactors, 2930
bioemulsifiers, 11013, 237
metal complexation, 324-5, 327-8
see also biosurfacrancs; surfactants
biofilms, microbial, 329
bioleaching, 321, 326
bioluminescence, 369-70, 374
bioreactors, 2, 20—31
bacterial inoculation into, 160—1
chlorinated aliphatic compound
bioremediation, 307
chlorinated phenol bioremediation, 267-72
groundwater remediation, 21-5
nitroaromatic bioremediation, 2045
PAH bioremediation, 152, 154-5, 168-71
PCB bioremediation, 229, 230, 231, 234
soil remediation, 25-31
bioreclamation, see in situ bioremediation
bioremediation
definition, 1
design, 13-14
intrinsic, 227 -8
methods of stimulating, 341-2
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process analysis, 13, 14-20
process engineering, 13-31
technologies, 2-10
see also specific technologies
Bioremediation Field Initiative Program, 166-7,
172, 173
bioslurry reactors, see slurry reactors
biosparging, 6, 155, 172
biostabilization, 238
biostimulation, 228, 342
biosurfactants, 47, 110-13
metal complexation, 324~5, 3278
PAH biodegradation and, 145-6
PCB biodegradation and, 237
bioventing, 56, 155, 172
biphenyl, 17, 210, 216
biphenyl dioxygenases (BPDO), 221, 223,
359-60
Bjerkandera, 141
bphABCD genes, 221, 222, 223, 224, 3601
bromobiphenyls, 220, 230, 231-2
BTEX hydrocarbons
anaerobic degradation, 61-92
ethylbenzene degradation, 82
toxicity, 62
Burkbolderia cepacia, see Pseudomonas cepacia
2-sec-butyl-4,6-dinitrophenol (dinoseb), 7, 16, 31

cadmium, 313, 319, 320, 322, 325, 327-8
CAM-OCT plasmids, 106, 343
Canada, PAH treatment standards, 1478, 149
carbon monoxide, 302
carbon tetrachloride (CCl,), 300, 303
carcinogens, 126, 196, 301-2
catechol 2,3-dioxygenase, 351-3
catechols, 104, 135, 343, 351
charge-coupled (CCD) microscopy, 369-70
chelating agents, 69, 74, 316
chlorinated aliphatic compounds, 300-9, 345
abiotic dehalogenation, 50
bioremediation, 305-9
chemistry, 303--5
distribution, 301
environmental persistence, 302-3
sources, 300—1
toxicity, 301-2
chlorinated phenols (CPs), 8, 254-86
biodegradation, 257 ~66
factors affecting, 261-6
mechanisms, 257 -61
chemical/physical properties, 256-7
groundwater remediation, 266-73
sediment remediation, 2846
soil decontamination, 274—84
sources of contamination, 254-6
chloroalkanes, 300, 3034
chloroalkenes, 300, 305
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chloroaromatics, 354, 355-6
chlorobenzenes, 345, 354, 356
4-chlorobenzoate, 353
chlorobenzoates, 345, 351-3
chlorofluorocarbons, 3001, 304
chloroform (CF), 24, 300, 303-4
chloromethane, 300, 303
2-chlorophenol (2-CP), 261, 268, 354
4-chlorophenol (4-CP), 268, 353
chlorophenols, see chlorinated phenols
chlorosalicylates, 345, 354
chromate—copper—arsenate (CCA), 265
chromium (Cr), 313, 314, 322
chrysene, 126, 137, 167
Citrobacter, 320, 329, 332
Citrobacter freundii, 199
clay, 38, 40, 41
cleanup criteria, PAH, 147-50
Clostridium, 7, 199, 322
Clostridium acetobutylicum, 202
Clostridium bifermentans, 199, 200
Clostridium perfringens, 201
co-cultures, 216, 226
co-reagents/co-substrates, 17, 158, 230, 231-2,
346
see also cometabolism
coal/coal products, 128, 130, 167
cobalt, 49-50, 313
coenzyme Fy 30, 50
coking, coal, 128
‘cold-finger’ effect, 301
combustion products, 128, 129, 130-1
cometabolism, 7, 17, 200
chlorinated phenols, 258
PCB, 210, 216
trichloroethylene, 7, 3457
Comomonas acidovorus, 198
composting, 3—4
chlorinated phenol-contaminated soil, 274--80
nitroaromatic-contaminated soil, 1967, 204
in PAH bioremediation, 152, 153, 167
confined treatment facility (CTF), 233
conjugal transfer, 42, 345
consortia, microbial, 199-200, 214
continuously stirred tank reactors (CSTR),
267-9, 270-1
copper (Cu), 313, 314, 319, 321, 329, 330
Corynebacterium sp. strain MB1 (Rhbodococcus
globerulus; Acinetobacter sp. PG), 211, 212,
215-16, 224
cosolvents, 16
costs
bioremediation, 1-2
PAH cleanup, 150
2-CP dehalogenator, 261
CPs, see chlorinated phenols
creosote, 129-30, 265

Index

bioremediation, 27, 30, 165-6, 167, 170,

171--2

m-cresol, 265

o-cresol, 265

p-cresol, 77, 78, 353-4

Cunningbamella elegans, 135

Cyanamer P70 (Cyanamid), 116

cyanobacteria, 135, 140, 143

cytochrome P-450 monooxygenase, 104, 135,
143, 302

cytP450cam, 355, 356, 359

dehalogenation/dechlorination
abiotic, 50, 261
chlorinated phenols, 284
PCBs, 218-21, 230
polychlorinated phenols, 258, 260—1
Deleya venustus, 330
denitrifying microorganisms, 62, 98
toluene degradation, 75, 76
see also nitrate-reducing microorganisms
desiccation, microbial, 40—2
design, process, 13—14
desorption, see sorption/desorption
Desulfitobacterium debalogens, 261
Desulfobacula toluslica, 75, 76
Desulfomonile tiedjer, 2601, 284
Desylfovibrio, 198
Desulfovibrio desulfuricans, 322, 327
detergents, growth-supporting, 162
2 ,4-diaminoroluene (24DAT), 196
1,2-dichloroethane, 300
dichloroethylene (DCE), 6--7, 305, 345
dichloromethane (CH,Cl,), 300, 301, 302, 303,
306-7
dichloromethane dehalogenase, 307
dichlorophenols (DCPs), 258, 260, 262, 268,
272
2 4-dichlorophenoxyacetic acid (2,4-D), 46, 168,
255, 280, 342, 345, 346
diesel engine exhaust, 130
diffusion, in soil, 39
dihydrodiol dehydrogenase, 211, 221
cis-dihydrodiols, 104, 134-5
trans-dihydrodiols, 104, 135
2,3-dihydroxybiphenyl dioxygenase, 221, 223
dimethylphenol hydroxylase, 360
2,4-dinitrotoluene, 196
dinoseb (2-sec-butyl-4,6-dinitrophenol), 7, 16, 31
dioxygenases
aliphatic compound, 258
aromatic ring, 104, 134-5, 211, 214, 221,
222,351-3
DNA
adducts, 196
extraction, 371, 375
released, transforming ability, 42-3, 367
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dredging, 316
Dutch PAH treatment standards, 147-8, 149

E gene, $X174, 367, 368
E3 gene, colicin, 367, 368
electron acceptors, 62, 158, 265, 266
electron donors, 265
emulsan, 110-12, 325, 327-8
emulsifiers, see bicemulsifiers
encapsulated microbes, 8, 163-5, 273, 283
engineered soil cell, 152, 153, 167
engineering, bioremediation processes, 13-31
Enterobacter cloacae, 201, 363
enterobactin, 324
enzymes

hybrid, 347-58

in microbial detection, 374

rational redesign, 35861

recruitment, 351

subunit mixing, 360-1
Erwinia carotovora, 363
Escherichia colt

metal interactions, 320, 323

recombinant, 9, 10, 346, 356, 362, 363, 370
ethylbenzene, 62, 79-83, 98

see also BTEX hydrocarbons
ethylenediaminetetraacetic acid (EDTA), 316
Europe, PAH treatment standards, 1478, 149
explosives, se¢e munitions compounds
Exxon Valdez oil spill, 101, 114-16

F-1 fertilizer, 117-18
fertilizers, 113-16, 117-18, 162
field application vectors (FAV), 224-5, 361
fimbriae, hydrophobic, 109
fire-retardant fluid, 209
fixed film reactors, 22—-3
with plug flow, 22
with upflow, 22-3, 269-72
Flavobacterium
chlorinated phenol degradation, 262, 266,
267, 280, 281, 282
microencapsulated, 8, 273, 283
PCP pathway genes, 9, 10
flocculants, 316
fluidized-bed biofilm reactors (FBBR), 269, 270,
307
fluoranthene, 105, 126, 137, 139, 141, 163-5
formaldehyde, 307
formy! chloride, 302
fulvic acid, 37-8
fungi
aromatic hydrocarbon degradation, 104, 105,
135-43
chlorinated phenol degradation, 260, 272,
278-9
inoculation, 167-8
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ligninolyrtic, 13543, 167-8
metal interactions, 322, 329
see also white-rot fungi

gas—water interface, 44
gef gene, 365, 366, 368
GEMs, see genetically engineered microorganisms
genetic transfer, 42--3, 226, 345, 367
genetically engineered microorganisms (GEMs),
9, 228, 342-68
detection in environment, 369-70, 372-3
environmental release, 375
genetic transfer from, 42-3, 367
pathway construction, 342-58
biochemical background, 342—5
enzyme subunit mixing, 360-1
hybrid pathways and enzymes, 347-58
operon deregulation, 345-7
rational enzyme redesign, 358-61
vectors, 347, 348-50
PCB degradation, 216-17, 224-5, 359-61
survival, 42, 361-7
preventing, 3657
promoting, 361
Geobacter metalliveducens, 74, 75, 76, 77
glutathione reductase (GR), 358-9
groundwater
bioreactors, 21-5
bioremediation methods, 6-7, 8
chlorinated aliphatic compound-contaminated,
266-73, 309
chlorinated phenol-contaminated, 255,
266-73
GEM survival, 362-4
metal removal, 329-30
PAH bioremediation, 155-6, 157, 172-3
PAH cleanup standards, 149
PAH contamination, 133
group contribution approach, 19-20

Haifa beach, 11718, 162
haloalkanes, 355
hemoglobin, bacterial, 356-8
Henry’s Law constant, 15, 18, 19, 236
herbicides, 255, 256
hexachlorobenzene (HCB), 24
hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX), 7,
195-6, 199, 200, 201
hok genes, 365-6, 368
humic acid, 37-8
humic materials, 378, 237
chlorinated phenol complexation, 260
metal complexation, 318
PCR inhibition, 371
hybridization techniques, 373-5
hydrogen peroxide, 158, 172
hydrophilins, 109
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‘hydrophobic effect’, 109
hydrophobicity, 15, 19
hydrophobins, 109
2-hydroxybenzoate, 17

immunological techniques, 372-3
in situ bioremediation, 4—8
chlorinated phenols, 272-3
microbial mobility/transport and, 43 -4
nitroaromatics, 205
PAHs, 152, 155-8, 171-3
PCBs, 229-30, 232, 234
incineration, 2, 254
Inipol EAP 22, 113-16
inoculation of microorganisms, 228
in chlorinated phenol remediation, 266, 267,
2824
in nitroaromatic bioremediation, 205
in oil pollution, 117-18
in PAH bioremediation, 158-65, 1678
in PCB bioremediation, 226, 231, 234
Ipegal CO-720, 162
iron (Fe), 314
ferric (Fe(I1ID)), 62
microbial oxidation, 321
reduced, 49-50
siderophores, 324, 325
iron (Fe(IIl))-reducing microorganisms
benzene degradation, 63, 66, 69
ethylbenzene degradation, 81, 83
toluene degradation, 71-6
xylene degradation, 85, 86, 88, 91
iron oxides, 37, 69

Klebsiella aerogenes, 41, 331

lactone isomerase, 354
Land Disposal Restrictions (LDR), 148-9
landfarming, 4, 5, 25-7
in chlorinated phenol bioremediation, 274
in PAH bioremediation, 152, 153, 165-7
in PCB bioremediation, 232, 234
landfilling, 2, 315

leaching
microbial, of metals, 326-7
PAHs, 132-3

lead (Pb), 313, 314, 316, 319, 327-8, 330
Leptospirillum ferrooxidans, 321
light-enhanced biodegradation, 134

lignin peroxidase, 141

liming, 331

Lindane, 301

luciferase genes, 369, 370

Jux operon, 369, 370

lymphoma, non-Hodgkin’s, 255

manganese (Mn), 74, 313, 314

Index

manganese oxides, 37
manganese peroxidase, 141, 143
mass transfer rate
contaminant, 28—-9
oxygen, 29
mats, microbial, 329-30
Meisenheimer complex, 202, 203
mercury (Hg), 313, 314, 319, 320, 323
metabolites, toxic, 18
metallothioneins, 319
metals, 9-10, 266, 312-32
bioremediation, 320-1, 325-32
in aquatic systems, 328-31
in nuclear waste, 331-2
in soils/sediments, 3268
complexation by microbes, 3223
environmental contamination, 312—14
microbial interactions, 3215
microbial toxicity/resistance mechanisms,
318-20
physical/chemical remediation methods,
315-16
speciation and bioavailability, 31618
methane, 68, 158, 346
methane monooxygenase (MMO), 7
particulate {(membrane-bound), 309
soluble (sSMMO), 305, 308, 347
methanogenic microorganisms
benzene degradation, 65, 68-9, 99
chlorinated phenol degradation, 284, 285
ethylbenzene degradation, 81, 82-3
toluene degradation, 71, 72, 73--5
xylene degradation, 85, 86, 88, 90
methanotrophic bacteria, 218, 308, 347
N-methyl-N,2,4,6-tetranitroaniline (Tetryl),
195-6
methylation, meral, 323, 328
methylbenzene, see toluene
methylene chloride, see dichloromethane
methylmercury, 323
2-methylnaphthalene, 106
Methylosinus trichosporium, 308, 3467
methylotrophic bacteria, 307
metronidazole, 202
microcapsules, bacteria-loaded, 8, 163-5, 273,
283
Micrococcus, 226
microorganisms
adhesion/desorption, 109-10, 112
encapsulated, 8, 163-5, 273, 283
genetically engineered, see genetically
engineered microorganisms
inoculation, see inoculation of microorganisms
mobility/transport, 43-4, 110
in soil, see soil, microorganisms in
survival in soil, 40—3, 283
mining effluent waters, 328-9
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mixing, in slurry reactors, 30
mobility, see transport/mobility
molecular probes, 108, 225, 368-75
bioluminescence, 369-70, 374
hybridization techniques, 373-5
immunological techniques, 372-3, 374
polymerase chain reaction (PCR), 370-2, 374
molecular techniques, 341-76
monitoring
GEM survival, 361
molecular probes for, 108, 225, 368-75
monochlorophenols (MCPs), 258, 262, 272
monoxygenases, 258
Moraxella, 330
Morganella morganii, 199
munitions compounds, 7, 24-5, 30-1, 195-205
mutagenesis, site-directed, 358—-60
Mycobacterium, 103, 159, 198
Myeobacterium chlorophenolicum, 273, 280, 281, 283

NAH plasmids, 106-7, 342, 343--5
nahG, 354
nabR gene, 106-7
naphthalene, 126, 141, 265
biodegradation, 46, 136, 138, 140, 143,
165-6
genetics of degradation, 105, 106-7, 3435
naphthalene dioxygenase, 105, 135
NAPLs, see nonaqueous-phase liquids
Netherlands, PAH treatment standards, 1478,
149
nickel, 313, 319
nitrate, 62, 87, 158, 171
nitrate-reducing microorganisms
benzene degradation, 64, 65, 66
ethylbenzene degradation, 79, 80, 81
toluene degradartion, 69, 70, 71, 73--76
xylene degradation, 83-7, 89, 90-1
nitrilotriacetic acid (NTA), 316
nitroaromatic compounds, 7, 24-35, 195--205
aerobic/microaerophilic microorganisms
degrading, 1968
anaerobic microorganisms degrading, 198--9
bioremediation, 20235
enzymology of biodegradation, 2002, 203
microbial consortia degrading, 199200
nitrobenzene, 24
nitrogen, 17, 25, 113-14, 158, 264
co-immobilized, 164, 165
nitrophenol reductase, 200~1
nitroreductase, 201
Nocardia, 210
nonaqueous-phase liquids (NAPLs), 29, 1445,
146
in groundwater, 133, 266
in sity bioremediation and, 155-6, 158
nptll-sacR-B suicide cassette, 3667
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nuc gene, 368

nuclear waste, 3312

nuclease, extracellular, 367, 368

nutrients, 17
chlorinated phenol degradation and, 264-5
co-immobilized, 164, 165
hydrocarbon degradation and, 113-14, 132,

158, 172

octahydro-1,3,5,7-tetranitro-1,3,5,7 -tetrazocine
(HMX), 195-6, 199, 201, 204
octanol/water partition coefficient, 15, 18, 19,
235, 256
oil
co-contaminating, 237
crude, 128-9
soil polluted with, 116, 117
spills, 100, 101, 109, 114-16, 117~18
droplets
emulsification, 110-12, 146
microbial adhesion/desorption, 109-10, 112
see also nonaqueous-phase liquids;
petroleum/petroleum-derived products
organic materials
biodegradation and, 235, 256-7, 2801
metal complexation, 315, 317-18
pyrolysis, 128, 129
soil, 37-8
organo-mineral complexes, 38
oxidation—reduction (redox) reactions, microbial,
320, 321-2
oxygen supply, 17, 29
chlorinated phenol degradation and, 264
hydrocarbon degradation and, 113, 132, 158
oxygenases, bacterial, 258, 305, 308

PAHs, see polycyclic aromatic hydrocarbons
PCBs, see polychlorinated biphenyls
PCP, see pentachlorophenol
pep genes, 9
pectin, 328
Penicillium chrysogenum, 331
pentachloroethane, 355
pentachlorophenol (PCP), 2545, 345
bioremediation, 27, 265-6, 26772, 274—80
recombinant approaches, 9
toxicity, 281
pesticides, 301
petroleurn/petroleum-derived products, 6, 14, 61,
100-18, 128-9
bioremediation, 26-7, 114—18
microorganism/hydrocarbon interactions,
108-14
adhesion/desorption, 109-10
emulsifiers, 110-13
microorganisms degrading, 101-8
distribution, 101-3
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genetics, 106-8
metabolic specificity, 103-5
nutrient requirements, 113-14
toxicity, 160-1
see also BTEX hydrocarbons; oil; polycyclic
aromatic hydrocarbons
pH, 17, 37
DNA binding to soil and, 42
metal immobilization in soil and, 315, 318
metal speciation and, 317
sorption/desorption and, 256
Phanerochaete chrysosporium
chlorinated phenol degradation, 260, 266,
272, 278-9, 280, 283
PAH degradation, 141-3, 168
TNT degradation, 197
Pbanerochaete sordida, 167, 168, 265, 278-9
phenanthrene, 126, 159-60, 265
biodegradation, 106, 137, 139, 140
degradation pathways, 141-3
phenol, 68, 158, 258, 309, 346
phosphate, 82, 320
phosphorus, 17, 25, 113-14, 264
co-immobilized, 164, 165
photolysis-enhanced biodegradation, 134
phyllosilicates, 36
plants
bicaugmentation with, 168
hydrocarbon synthesis, 128
metal removal, 329
tolerance of metals, 313—14, 320
plasmids, 342, 347, 348-50
in hydrocarbon degradation, 106-8
in PCB degradation, 212, 214
poly-beta-hydroxybutyrate (PHB), 358
polychlorinated biphenyls (PCBs), 7, 17, 23,
20939, 345
bioavailability, 234-8
biodegradation
aerobic bacteria, 212—-18
anaerobic dechlorination, 218-21
early studies, 210-12
factors affecting, 234-8
genetically engineered microorganisms,
216-17, 224-5, 359-61
lower metabolic pathway, 225-6
microbial genetics, 212, 221-5
upper metabolic pathway, 211, 226
bioremediation, 226—38
development of technologies, 228-30
field demonstrations, 230—4
general applicability, 2267
hierarchy of options, 227-8
natural attenuation, 218-21, 227-8
polychlorinated dibenzodioxins (PCDDs), 255,
266
polychlorinated dibenzofurans (PCDFs), 255, 266

Index

polychlorinated phenoxyphenols (PCPPs), 255,
266
polycyclic aromatic hydrocarbons (PAHs), 104,
125-73
background concentrations, 150
biodegradation, 105, 106, 134-43
bioremediation, 30, 143-73
case studies, 16573
factors affecting, 143-50
inoculants in, 158-65
technologies, 150-8
clean-up criteria, 147-50, 151
in environment, 127-34
anthropogenic sources, 127, 129-31
distribution/attenuation, 131-4
natural sources, 127-9
high molecular weight (HMW), 105, 126--7,
134, 170-1, 173
low molecular weight (LMW), 126, 173
metabolic pathways, 105, 107, 134-43
toxicity, 100-1
polymerase chain reaction (PCR), 370-2, 374
pROI101, 354
probes
molecular, see molecular probes
nucleic acid, 373
process analysis, 13, 14-20
environmental factors, 16—18
microbiological characterization, 16
predicting degradation rate, 18—20
site characteristics, 14-16
protocatechuate, 343, 344, 351
Providencia rettgeri, 199
Pseudomonas, 41, 342-3
chlorinated phenol degradation, 258, 262
metal interactions, 321 ~2
nitroaromatic degradation, 197, 198, 354
PCB degradation, 210, 211, 213-14, 217,
218, 221-5
petroleum degradation, 106-8
strain B13, 217, 226, 345, 3514, 364
strain C600, 360
strain ENV307, 213-14, 224, 229, 234
strain ENV360, 229, 234
strain ENV391, 214
strain FR1, 353
strain K172, 75, 76, 77-8
strain KKS102, 223
strain LB400, 213, 214, 2223, 224, 251,
359-60
strain MB86, 216
strain $2, 75, 76
strain $100, 75, 76
strain SP, 75, 76
strain SR3, 160, 161, 267-9
strain T, 75, 76, 77, 90
strain TA8, 108
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Pseudomonas aeruginosa, 319, 320, 323, 324, 327,
362-3
Pseudomonas (Burkholderia) cepacia, 283, 308-9,
343
PCB degradation, 225-6
recombinant, 346—7, 354, 355, 356-8, 363,
364
Psendomonas fluorescens, 107, 322, 362
Pseudomonas mendocina, 343, 346-7, 360
Psendomonas oleovorans, 106
Psendomonas pancimobilis Q1, 221, 222, 224, 267
Pseudomonas pickettii, 343
Pseudomonas pseudoalcaligenes KF707, 108, 221--3,
359-60
Psendomonas putida, 360, 373
alkane degradation, 104
chlorinated phenol degradation, 258
metal interactions, 320, 322
naphthalene degradation, 46, 106-7, 135
PCB degradation, 222, 223
recombinant, 217, 362, 363, 364, 373
TOL plasmids, 107-8, 351
toluene degradation, 107, 108, 222, 343
Pseudomonas testosteroni, 214, 223 -4
S50, 214
pSVI150, 342
pulp bleaching, 254, 284
pulp mill wastewater, 25
pump-and-treat systems
chlorinated aliphatic compound
bioremediation, 307
chlorinated phenol bioremediation, 266-72
metal removal, 315-16
PWWO, 107, 197, 343
pytene, 126, 141, 142
biodegradation, 105, 106, 137, 139, 159
pyridoxal-5'-phosphate (PLP), 50
pyrolysis, 128, 129, 130

radionuclides, 331-2

radium, 331

reactors, see bioreactors

recombinant microorganisms, see genetically
engineered microorganisms

‘red water’, 205

redox potential, 317

relF gene, 365, 366, 368

rhamnolipid, 111, 324, 325, 327

Rbizobium, 401, 163

Rbizopus arrbizus, 329, 332

Rhbodobacter capsulatus, 2001

Rbodococcus, 107, 266, 269, 282

Rbodococcus chlorophenolicus, 262, 269, 280-1, 282,
283

Rbodococcus erythropolis, 198, 224

Rhbodococcus globerulus (formerly Acinetobacter sp.
P6), 211, 212, 215-16, 224
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risk-based remedial goals, 147

sacB gene, 3667, 368
Saccharomyces cerevisiae, 320, 329
salicylate, 107, 354
sand, 38
screening protocol, 1314
sea
metal removal, 330
oil spills, 100, 101, 109, 114-16, 117-18
sediments
chlorinated phenol-contaminated, 2846
DNA extraction, 371
metal-contaminated, 316, 326-8
PAH-contaminated, 133-4, 169
PCB-contaminated, 218-19, 231-2, 233
Selenastrum capricornutum, 143
selenium, 322, 323, 328
sequestration, metals, 319-20
sewage
metal removal, 330~1
sludge, 131, 232
treatment, 22
siderophores, 324, 325
silt, 38
Simplot Anaerobic Bioremediation Ex Situ
(SABRE) process, 202-4
site-directed mutagenesis, 358—60
sludge
chlorinated phenol bioremediation, 267
PAH bioremediation, 169-70
PCB bioremediation, 232, 233
sewage, 131, 232
slurry reactors, 25, 27-31
chlorinated phenol bioremediation, 274
nitroaromatic bioremediation, 204
PAH bioremediation, 146, 154, 169~71
PCB bioremediation, 229, 230, 231, 234
soil, 35-51
bioremediation methods, 25-31
chemical properties, 35—-8
chlorinated phenol-contaminated, 255, 264,
274-84
DNA extraction, 371
GEM survival, 362-4
in situ bioremediation, 6
inorganic solid phase, 35-7
metal-contaminated, 315-16, 323, 326-8
microorganisms in, 40—4
mobility/transport in, 43—4, 110
survival in, 40-3, 283
moisture, 282
nitroaromatic-contaminated, 196, 2025
oil-polluted, 116, 117
organic contaminants in, 44—50
abiotic reactions, 49—50
bicavailability, 46—8
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transport, 48-9
organic matter, 37-8
PAH contamination, 131-4, 144-5
bioremediation technologies, 153-5,
165-8, 169
cleanup standards, 148
particle size, 28, 38-9, 41-2
PCB-contaminated, 227, 230, 231, 234
physical properties, 38-40
profile, 39-40
sorption/desorption in, se¢ sorption/desorption
system, 35-40
washing, 146, 169, 315-16
soil/water partition coefficients, 1516
solid-phase bioremediation, 2—4
PAHs, 152, 1534, 165-8
PCBs, 231, 234
solvents
industrial, 6-7, 300, 301, 306
PCB extraction, 237
sorption/desorption
chlorinated phenols, 256
landfarming and, 27
measurement, 15—-16
metals, 317-18, 323
microorganisms
to hydrocarbons, 109-10, 112
to soil, 43-4
organic contaminants, 46~8
PAHs, 144-5
PCBs, 235-7
in process design, 16
in slurry bioreactors, 289, 30
speciation, metal, 31618
Sphingomonas paucimobilis strain EPAS05, 160,
161, 163-5, 173
SRRz gene, 368
standards, environmental cleanup, 14750
Staphylococcus aureus, 319, 320
strain B-206, 214-15
strain F199, 108
strain PRTOL1, 75-6, 91
strain T1, 75, 76, 91
strain T1-pUK45-10C, 75, 76
Streptomyces viridochromogens, 329
substrates
for indigenous microorganisms, 158, 234
for inoculated microorganisms, 162
see also co-reagents/co-substrates
sucrose, 366—7, 368
suicide containment systems, 365—7, 368
sulfate, 266, 284
sulfate-reducing microorganisms
benzene degradation, 64, 65, 66-7
chlorinated phenol degradation, 284, 285
ethylbenzene degradation, 80, 81, 82
metal removal, 328—9, 330

Index

nitroaromatic degradation, 198-9
toluene degradation, 701, 72, 73, 74,
75-7
xylene degradation, 85, 86, 87-8, 89
sulfides, metal, 320
sulfur, 49, 321
surface-active agents, see surfactants
surfactants, 16, 47
microbial, see biosurfactants
microbial survival and, 42
oil bioremediation, 116, 117
PAH biodegradation and, 1456
PCB bioremediation and, 2367

temperature, 17, 2614
retrachloroethylene (PCE), 24, 74, 300, 301,
305, 345
tetrachlorophenol (TeCP), 255, 262, 269
tetrapyrroles, 49-50
TEX compounds, 62, 67, 69-91
Thiobacillus, 322
Thivbacillus ferrooxidans, 321, 326, 327
Thiobacillus thicoxidans, 317, 326, 327
tillage, 25
tin, 313, 319
TNT, see 2,4,6-trinitrotoluene
tod genes, 360-1
TOL plasmids, 106, 1078, 197, 342, 343--5,
351
toluene, 62, 104-5
aerobic carabolism, 343-5
anaerobic biodegradation, 6979, 98
cometabolism, 258, 346
genetics of biodegradation, 107-8
xylene biodegradation and, 87, 89
see afso BTEX hydrocarbons
toluene dioxygenase (TDO), 351, 353, 360-1
toluene 2,3-dioxygenase (Tod), 355, 356
toluene monooxygenase, 308, 360
toluene orzho-monoxygenase (Tom), 354
toluic acids, 78, 79, 91
TOM plasmids, 342, 354
toxic metabolites, 18
Trametes birsuta, 279
Trametes versicolor, 141
transport/mobility
organic contaminants in soil, 48-9
soil microorganisms, 43—4, 110
transposons
chloroaromatic catabolic, 355-6
vectors based on, 347
trichloroethylene (TCE), 6-7, 300, 301, 305
bioremediation, 307-9
cometabolism, 7, 345-7
molecular strategies, 346-7, 359, 361
2,4,6-trichlorophenol (2,4,6-TCP), 24, 262, 269
2,4,5-trichlorophenoxyacetic acid (2,4,5-T), 255
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trickling filter reactor, 22, 307 water
2,4,6-trinitrotoluene (TNT), 195--6, 354 chlorinated aliphatic compound-contaminated,
biodegradation, 7, 197, 198-9, 200, 201 307-9
bioremediation, 24-5, 30-1, 196 chlorinated phenol contamination, 255
tryptophane, 158 content of soil, 282
flooding, 172, 234
United States, PAH cleanup criteria, 147, GEM survival, 3624
148--50 hydrocarbon biodegradation and, 113
Universal Treatment Standards (UTS), 149-50 metal removal, 316, 328-31
Unterdruck-Verdampfer-Brunnen (UVB), 155-6, nitroaromatic-contaminated, 202-5
157, 172-3 PAH bioremediation, 154, 155-6, 1723
upflow anaerobic sludge bed reactors (UASB), PAH cleanup criteria, 149-50
271, 272 solubility, 15, 236, 256

uranium (U), 319-20, 325, 326-7, 329, 331-2 see alsp groundwater; sea; wastewater
weathering, PCB, 218-19

vacuum-vaporized well (UVB), 155-6, 157, wet air oxidation (WAQ), 205
172--3 wetlands, 170, 328-9
vectors, 347, 348-50 white-rot fungi, 197, 215
broad-host-range, 347 chlorinated phenol degradation, 260, 272,
field application (FAV), 2245, 361 278-9
suicide, 3657 PAH degradation, 135-43
transposon-based, 347 wood
Vendor Information System for Innovative burning, 128, 130
Treatment Technologies (VISITT), 151 chips, 274~80
vgh gene, 356-8 preserving sites, 130, 165-6, 170, 171-2,
vinyl chloride (VC), 24, 302, 305, 345 2545, 256, 265
vitamin By ,, reduced, 261
Vitreoscilla, 356 Xanthamonas campestris, 370
volatilization, 15, 16 xyl genes, 107, 351, 353, 366
metals, 320, 323, 328 xylene monooxygenase, 107
PAHs, 132 xylenes, 62, 8391, 107
PCBs, 236 meta isomer (m-xylene), 83-8, 98
polychlorinated phenols, 261 ortho isomer (o-xylene), 87, 89-91
para isomer (p-xylene), 83—8, 98
wastewater see also BTEX hydrocarbons
metal removal, 330-1
nitroaromatic bioremediation, 2045 yeasts, 320, 329
predicting degradation rates in, 18-19
treatment systems, 21-5 zinc (Zn), 313, 314, 319, 330
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