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Absolute (additive) risk model, 266
Absorbed dose, chemical, 248
Absorbed dose, radiological, 203
Activity, radionuclide, 33
Adiabatic lapse rate, 157–158
Administered dose, 247
Advection, 45, 82, 90, 122

advective compartment, 51 Fig. 2.11, 116
advective fl ux, 35, 46
advective heterogeneities, 45, 134
advective velocity, 130
one-dimensional, 90–96

Advective fl ux, 35, 46
Advective homogeneous compartment, 51–52
Analytic-deliberative process, 328
Anatomy and physiology, 220–242

cellular, 221–226. See also Cell
organ systems, 226–237. See also Organ 

systems
Applied dose, 248
Aquifer, 128
Aquitard, 128
Areal concentration, 186
Assessment measure, 24
Atmospheric deposition, 188
Atmospheric dispersion, 156–161
Atmospheric inversion, 158–159
Atmospheric resuspension, 189
Atmospheric transport, 156–178

atmospheric dispersion, 156–161
adiabatic lapse rate, 157–158
fumigation, 159
inversion, 158–159
Pasquill-Gifford stability classifi cation 

system, 160–161, 164, 165 Table 7.5, 167
building wake, 174
dispersion parameters, 162–165, 163 Fig. 7.4 

and Table 7.3, 165 Fig. 7.5
dry deposition, 176–178
eddy diffusivity, 161, 162
effective release height, 173
Henry’s law constant, 177 Table 7.7
mixing height, 174–176
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plume rise, 162–166
precipitation scavenging (wet deposition), 

176–178
removal mechanisms, 176–178
transport models, 161–178

Gaussian plume, 162–166
Gaussian puff, 171–172
infi nite line source, 172
sector-average approximation, 167–171
summation of Gaussian plumes, 167

volumetric washout factors, 177–178, 177 
Table 7.7

Bioaccumulation, 184
Bioaccumulation factor, 192–195, 194 Table 8.1
Bioconcentration, 184
Biomagnifi cation, 185
Benchmark dose (BMD), 271
Benchmark dose lower limit (BMDL), 272
Benchmark response, 271
Benchmarking (intercomparison), 28
Briggs curves, 162–163, 163 Fig. 7.4 and Table 

7.3, 167. See also Atmospheric 
transport, dispersion parameters

Building wake, 174
Bulk soil density, 174

Cancer slope factors, 275, 276 Table 11.10
Carbohydrates, 221
Carcinogenic health effects, 226, 229, 239–240, 

247, 263
carcinogenesis, 239

models, see Dose-response
carcinogens, 231, 240. See also 

Contaminants
Case-control study, 257
Cell, 220–226

anatomy, 221–226
mechanisms of toxicity, 224–226
neuronal structure, 234 Fig. 10.5

CERCLA, 343, 361–364, 367
Chemical dose, 201–203

absorbed, 248, 249, 251
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Chemical dose (Continued)
administered, 201, 247, 248, 251
average daily, 17, 202
calculation, 209–211
effective, 248, 249, 251
equivalent human, 262
extrapolation, see Dose response, modeling
internal, 201
maximum tolerated, 258
potential, 201

Clean Air Act (CAA), 366
Clean Water Act (CWA), 366
Cohort study, 255
Colloidal transport, 150
Colloids, 150
Compartmental model, see Model(s), 

compartmental
Comprehensive Environmental Response, 

Compensation, and Liability Act 
(CERCLA), 343, 361–364, 367

Conceptual model, 25–26
emission rate, 60–62, 67
environmental transport, 81–82

Conservative model, 29
Conservative processes, 45
Constant-source fi rst-order removal model, 

39–42, 67, 82
Contact rate, 204–209

dermal absorption, 207–209
ingestion, 206–207
inhalation, 204–205

Contaminant(s), 8, 63–65 Table 3.1
categories, 62, 66
common environmental, 63–65 Table 3.1
concentration, 17, 32, 46–48, 95
contact rate, 204. See also Contact rate
emission rate, 16. See also Emission rate
exposure, 199. See also Exposure
fl ux, 47–48
health effects, see Health effects
identifi cation, 62–66, 63–65 Table 3, 66 

Table 3.2
intake, intake rate, 204–209, 196, 247
inventory, 67
mass balance, 67
release, see Emission rate
source(s), 62, 63–65, 67
uptake rate, see Contact rate

Contaminant continuity equation, 46
Contaminant fl ux, 47–48
Contaminant transport

modeling, see Transport of contaminants in 
processes, 45

theory, see Contaminant transport equation, 
81–100

Contaminant transport equation, 44–53, 75, 
82–96, 140–141

fi rst-order removal process of a sorbed 
contaminant, 115

one-dimensional approximation, 83, 83 
Fig. 4.2, 106

solutions, 83–100
advection, 83
advection-dispersion, 83, 94
saturated-zone, 142–148
superposition integral, 98

subsurface transport equation, 140–141
three-dimensional approximation, 96–97
two-dimensional approximation, 96–97
zero-dimensional approximations, 48–54

Continuous endpoints, 253
Control volume, 30
Critical pathways, 29
Cytoskeleton, 222
Cytosol, 222

Darcy’s Law, 130
Decision analysis, 339. See also Risk Management
Decision matrix, 342
Decomposers, 183
Deposition velocity, 188
Dermal absorption, 207
Dermal absorption fraction, 209 Table 9.3
Dermal permeability constants, 208 Table 9.2
Deterministic health effects, 18, 238–239, 246, 

253–255, 259, 263, 267, 270
dose-response, 245–246
margin of safety (MOS), 18, 245, 267–269

Discrete endpoints, 253
Dispersion, 45, 82, 83, 91, 107, 134

atmospheric, 156–161
dispersive fl ux, 46
dispersivity, 135–137, 136 Fig. 6.5, 143, 145
in groundwater (subsurface), 134–137
in rivers and streams, 106
mechanical, 134
one-dimensional, 90–96
parameters, see Dispersion parameters

Dispersion coeffi cient(s), 46, 97, 119–121, 162
longitudinal dispersion coeffi cient, 97, 120
mechanical, 135
molecular, 137
transverse dispersion coeffi cient, 97

Dispersion parameters, 162–165, 163 
Fig. 7.4 and Table 7.3, 165 Fig. 7.5. 
See also Atmospheric transport, 
transport modeling

Dispersion tail, 91 Fig. 4.5
Dispersive fl ux, 46
Distribution coeffi cient(s), 109–112

inorganic contaminants, 111 Table 5.2
organic contaminants, 112 Table 5.3

Dispersion parameters, see Dispersion 
coeffi cients
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Dose, 200, 219
absorbed, chemical, 248
absorbed, radiological, 203
administered, see Chemical, administered
applied, 248
average daily dose rate, 17, 202
benchmark, 271, 275
calculations, 209–216
chemical, 201–203. See also Chemical dose
dose rate, 200, 251
effective, chemical, 248
effective, radiological, 17, 203, 247–248
equivalent, 17, 247
equivalent human, 262
extrapolation, 262–263
lifetime average daily, 202
maximum tolerated, 258
potential, see Chemical, potential
radiological, 203–204, 274. See also 

Radiological dose
reference, 271, 273 Table 11.9
relative (multiplicative) risk model, 266
threshold, 246, 255, 258, 267
total, 200

Dose-response data, 255–261
Dose-response modeling, 245–270, 275–277

animal-to-human extrapolation, 262
biological basis for, 245–247
dose-rate dependence, 251–252
endpoints, continuous and discrete, 253
epidemiological, 255–257, 260, 263, 265–266
fractional response, 245, 255, 258 Fig. 11.6, 

261, 267, 269–270
high- to low-dose extrapolation, 262–263, 265, 

266
margin of safety (MOS), 245, 267–268
mechanistic models of carcinogenicity, 263–

265, 264 Table 11.7
multihit model, 264
multistage model, 265
one-hit model, 265
pharmacokinetic models, 249–252, 262
tolerance distribution models, 263, 264 Table 

11.6, 267
Drinking water pathways, 109
Dry adiabatic lapse rate, 157–158
Dry deposition, 176–178

Eddy diffusivity, 161, 162
Effective dose, chemical, 248
Effective dose, radiological, 17, 203, 247–248
Effective porosity, 129, 133 Table 6.1
Effective release height, 173
Emission rate(s), 60, 66, 73, 74–78. See also 

Release assessment
approximations, 74–78, 74 Fig. 3.7, 75 Table 

3.3

to atmosphere, 162, 171, 172
to groundwater, 143
to surface water, 116, 118, 119

conceptual model, 60–61
direct measurement, 60, 66
process knowledge, 60–61, 66
quantifi cation, 66–78
specifi c emission rate, 73
source term, 61, 67

Endocrine disruption, disruptors, 233
Endoplasmic reticulum, 224
Environmental compartments(s), 49, 81–82, 82 

Fig. 4.1
atmospheric, see Atmospheric transport, 

mixing height
compartmental models, see Models, 

compartmental
food chain, see Food chain transport, 

compartments
groundwater, see Groundwater transport, 

vadose zone transport
homogeneous, 49–54, 107, 117
surface water, see Surface water transport, 

compartments
Environmental risk analysis, 1
Environmental transport, see Contaminant 

transport
Epidemiologic (risk) models, 263, 265–266
Epidemiological studies, 254–257
Epigenetic carcinogens, 240
Epilimnion, 117
Equivalent human dose, 262
Excitable membrane, 233, 238
Expert elicitation, 297
Exposure, 199

acute, 200, 252, 257
assessment, 17, 199–216
chronic, 200, 252, 257
factor(s), 204, 205–206 Table 9.1
pathway, 9, 29, 200
route, 199, 252
subchronic, 200

External dose (radiation), 211, 213–216
Extractable soil concentration, 192

First-order rate constants, 117, Appendix B
First order removal model, 37–39, 82
Food chain pathways, 109, 183–184, 184 Fig. 8.1
Food chain transport, 183–197

compartments, 183–185, 184 Fig. 8.1
contaminant concentration in animals, 

195–197
intake rates, 196 Table 8.2
meat transfer factor, 196
milk transfer factor, 195

contaminant concentration in soil, 186–190
areal concentration, 186
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Food chain transport (Continued)
atmospheric deposition, 188

depositon velocity, 188
atmospheric resuspension, 189

resuspension factor, 189
depth of the root zone, 186
irrigation deposition, 188

contaminant concentration in vegetation, 
190–195, 191 Fig. 8.6

bioaccumulation factor, 192, 194 Table 8.1
conceptual model, 186–188
extractable soil concentration, 192
irrigation deposition, 188–189
translocation factor, 191
vegetative yield, 191

pathways, 109, 183–184, 184 Fig. 8.1
transport parameters, 194 Table 8.1
trophic level(s), 183, 184 Fig. 8.2

decomposers, 183
primary consumers, 183
primary producers, 183
secondary consumers, 183
tertiary consumers, 183

Fraction sorbed, 113–114, 137–139
groundwater, 137–139, 138 Table 6.3
surface water, 113–114, 114 Fig. 5.4

Fractional response, 245, 258 Fig. 11.6, 261, 267, 
269–270

Free radical(s), 225–226
Freundlich isotherm, 110
Fumigation, 160

Gaussian distribution, 90, 96, 162
Gaussian plume model, 162, 167, 168, 171

summation of Gaussian plumes, 167
Gaussian puff model, 171–172
Golgi apparatus, 224. See also Cell, anatomy
Groundwater transport, 127–152

colloidal transport, 150
dispersivity, 135–136, 136 Fig. 6.5, 143, 145
mean linear contaminant velocity, 141–142, 

142 Table 6.4
mean percolation rate, 148
non-aqueous phase liquids (NAPLs), 151–152
retardation factor, 139
saturated fl ow in porous media, 130–133

dispersion, 134–137
hydraulic conductivity, 130, 133–134, 134 

Table 6.2
hydraulic head, 130, 132
mean linear velocity, 131

sorption, 137–139
fraction sorbed, 137–138, 138 Table 6.3

subsurface characterization, 129–130
subsurface materials/media, 127–128
transformation processes, 150–151
transport models, 139–148

derivation of subsurface transport equation, 
140–141

linear equilibrium model, 139–147
one-dimensional solutions, 142–144
multidimensional solutions, 144–148

vadose zone transport, 148–149

Hazard, 4
Hazard index, 2, 272
Hazard quotient (HQ), 272, 274
Health effects (human), 62–65, 63 Table 3.1, 

237–242, 238 Table 10.7
carcinogenic, 226, 229, 237–239, 247, 263
deterministic, 18, 238, 246, 253–255, 259, 263, 

267, 270
dose response, see Dose-response and risk 

characterization
hereditary, 238, 242
stochastic, 18, 238, 246, 253–255, 259, 263, 

267, 270
systemic, see Deterministic health effects
teratogenic, 238, 240–241, 247
toxicity mechanisms, 237–242

Henry’s law constants, 177 Table 7.7
Hereditary health effects, 238, 242

dominant mutations, 242
recessive mutations, 242

Homeostasis, 220–221, 222, 236
Homogeneous compartment, 49–54, 107, 117. 

See also Contmainant transport 
equation, zero-dimensional 
approximations

Hormones, 232–233, 240. See also Organ 
systems, endocrine

Hydraulic conductivity, 130, 133–134, 134 Table 
6.2

Hydraulic head, 130, 132
Hypolimnion, 117

Ingestion, 206
Instantaneous partitioning model, 42–44, 82
Instantaneous release, 74–77, 143, 171
Intake rate, 196, 204

acceptable daily, 268
animals, 196 Table 8.2

Integumentary system, 235
Intercomparison (benchmarking), 28
Inversion, atmospheric, 158
Irrigation deposition, 188

Kozeny-Carmen equation, 133

Langmuir isotherm, 110
Laplace transform technique, 86–88, 92–94, 

Appendix A
Laplace transform(s), Appendix A
Law of Bergonié and Tribondeau, 238
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Laws and regulations, 356–373
Clean Air Act (CAA), 366
Clean Water Act (CWA), 366
Comprehensive Environmental Response, 

Compensation, and Liability Act 
(CERCLA), 343, 361–364, 367

National Environmental Policy Act (NEPA), 
359–361

Resource Conservation and Recovery Act 
(RCRA), 364–365

Superfund Amendments and Reauthorization 
Act (SARA), 62, 342, 361–364, 367

Toxic Substances Control Act (TSCA), 
365–366

LD50, 220 Table 2.1, 257
Leaching rate constant, 67
Ligand, 222, 226, 232
Linear dose response, 263–266
Linear isotherm, 110
Lipid(s), 221
LOAEL, see Lowest observed adverse effects 

level
Lowest observed adverse effects level 

(LOAEL), 258, 271
Lognormal distribution, 303

Macromolecules, 221
Margin of safety (MOS), 245, 267–268
Mass balance equation, 31
Maximum contaminant level (MCL), 147
Maximum tolerated dose (MTD), 258
Mean linear velocity, 131, 148
Mean linear contaminant velocity, 141–142
Mean percolation rate, 148
Meat transfer factor, 194 Table 8.1, 196
Mechanistic models of carcinogenicity, 263–265, 

264 Table 11.7
Metabolic activation, 228–229, 240, 252
Metastasis, 240
Milk transfer factor, 194 Table 8.1, 195
Mitochondria, 224
Mixing height, 174–176
Mobile water volume, 129
Model validation, 28, 286
Modeling process, 23–29

computational model, 27
conceptual model, 25–26
mathematical model, 26
model assurance, 27–29, 28 Fig. 2.2

benchmarking (intercomparison), 28
calibration, 28–29
validation, 28, 286
peer review, 28
verifi cation, 27–28

model development, 23–27
problem statement, 23
system description, 25

screening process, 29, 66
transport process, 45

Model(s)
absolute (additive) risk model, 266
compartmental, 37–44, 48–54, 82, 82 Fig. 4.1, 

149 Fig. 6.12
constant-source fi rst-order removal, 39–42, 

67, 82
fi rst order removal model, 37–39, 82
instantaneous partitioning, 42–44, 82

computational, 27, 67, 81
conceptual, 25–26, 81

emission rate, 60–62, 67
environmental transport, 81–82

conservative, 29
contaminant transport, see Transport of 

contaminants in
dose-response, see Dose-response, model(s)
epidemiological (radiological risk), 263, 

265–266
mathematical, 26, 61, 67, 81
mechanistic models of carcinogenicity, 

263–264
Moolgavkar-Venson-Knudson (MVK) model, 

265
multihit model, 264
multistage model, 265
one-hit model, 264–265
pharmacokinetic models, 249–252, 262
physical and mathematical basis, 29–44
relative (multiplicative) risk model, 266
risk communication, 327–330
tolerance distribution models, 263, 264 Table 

11.6, 267
uncertainty, 285

Moisture content, 129
Molecular diffusion, 45, 135

coeffi cient, 137
Monte Carlo method(s), 305–309, 311
Moolgavkar-Venson-Knudson (MVK) model, 

265
Multihit model, 264
Multistage model, 265
Muscular system, 235
Mutagenic carcinogens, 240

National Environmental Policy Act (NEPA), 
359–360

Neurons, 233–235, 234 Fig. 10.5
No observed adverse effects level (NOAEL), 

258, 271
NOAEL, see No observed adverse effects 

level
Non-advective homogeneous compartment. 

See also Contaminant transport 
equation, zero-dimensional 
approximations, 49–51
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Non-aqueous phase liquid (NAPL), 15, 152
light (LNAPL), 15, 152
dense (DNAPL), 15, 152

Nonconservative processes, 45
Nonthreshold effects, 247
Nucleic acids, 221
Nucleus, cell, 223

One-dimensional advection, 84, 90–96, 118
concentration vs. distance plot, 85, 122
concentration vs. time plot, 85, 91, 122

One-dimensional advection and dispersion, 90, 
94, 119

One-hit model, 264–265
Organ systems, 220

major systems, 226–237
cardiovascular, 231–232
digestive, 227–229
endrocrine, 232–233
immune, 231–232
integumentary, 235
lymphatic, 231–232
muscular, 235
nervous, 232–235
reproductive, 237
respiratory, 229–231, 230 Figs. 10.3, 10.4
skeletal, 235
urinary, 227–229

tissue types, 227
Organelles, 222
Organic carbon–water partition coeffi cient, 112

Parameter uncertainty, 285
Partition factor, 42, 44 Table 2.2
Pasquill-Gifford stability classifi cation system, 

160–161, 164, 165 Table 7.5, 167
Peclet number (Pe), 91, 122, 144
Peer review, 29
Pharmacodynamics, 247
Pharmacokinetic models, 249–252, 262
Pharmacokinetics, 247
Physiology, see Anatomy and physiology
Planetary boundary layer, 156
Plume rise, 173
Point of departure, 272, 273, 275
Porosity, 129, 133

effective porosity, 129, 133 Table 6.1
Precipitation scavenging, 176–178
Presidential/Congressional Commission on Risk 

Assessment and Risk Management, 3, 4, 
5, 7

Primary consumers, 183
Primary producers, 183
Probabilistic risk assessment (PRA), 68

actuarial methods, 69
event tree(s), 69, 71, 73 Fig. 3.6

fault tree(s), 69, 70, 72, 73
accidental release, 69

Probability, see Statistical fundamentals
Process knowledge, 60–61
Progression (cancer), 239
Promotion (cancer), 239
Proteins, 221–222, 232
Public participation, 316

Radiological decay, 117
Radiological dose, 203–204, 247

absorbed, 203
calculation, 211–216
effective, 203, 212, 247–248, 275
effective dose [conversion] factor, 211–213, 

214 Table 9.4
equivalent, 203
external, 211, 213–216
internal, 211–212

Radiolysis, 225
Radionuclide activity, 33
Random variable, 290
Receptor, 199, 222, 233–235
Receptor-ligand interactions, 238
Reference concentration (RfC), 272
Reference dose (RfD), 271, 273 

Table 11.9
Regolith, 127
Relative (multiplicative) risk model, 266
Release assessment, 15, 60–78. See also 

Emission rate
contaminant identifi cation, 62–66, 63–65
direct measurement, 60
probabiliaty of, see Probabilistic risk 

assessment
process knowledge, 60–61

Reproductive system, 237
Resource Conservation and Recovery Act 

(RCRA), 364–365
Resuspension factor, 189
Retardation factor, 139
Ribosome, 224
RI/FS Process (Remedial Investigation and 

Feasibility Study), 370, 371
Risk, 4
Risk analysis, environmental, 1
Risk assessment, 1–4

process, 13–19
uses, 10–12

Risk calculation process, 14–18, 61, 
82, 283

consequence assessment, 82, 283
exposure assessment, 82, 283
release assessment, 15–16, 82, 283
sensitivity analysis, 283
transport assessment, 82, 283

Risk characterization, 267–277
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Risk communication, 1, 2, 3, 325–332
models, 327–330

communication theory approaches, 329
hazard plus outrage paradigm, 330
mechanistic, 327
mental models approach, 330

public policy approaches, 328
seven cardinal rules of, 331 Table 13.6

Risk curve, 5, 6
Risk drivers, 29
Risk management, 1, 2, 336–354

decision analysis under certainty, 337–354
decision analysis under risk, 351–354

attitude-based, 349–350
dimension reduction, 346–347
dimensional scoring, 350–351
dominance, 347–348
sequential, 348–349

decision-making criteria, 337
hybrid, 338
rights-based, 338
technology-based, 338
utility-based, 338

decision matrix, 242
process, 336–337
scaling, 343–346

Risk perception, 325–327
Risk triple, 7
Rock, 127
Root zone, 186

SARA (Superfund Amendments and 
Reauthorization Act), 62, 342, 361–364, 
367

Saturated-zone, 128
transport solutions, 142–148

Scaling methods, 343–346
Screening, 29, 66
Secondary consumers, 183
Sector-averaged approximation, 167–171
Sediment, 127

bottom, 107, 116
suspended, 107

Sensitivity analysis, 283–311
Sensitivity coeffi cient, 299
Settling, 117
Skeletal system, 235–236
Slope factor, see Cancer slope factor
Solubility limit(s), 104, 105 Table 5.1
Sorption, 104, 108, 109–115, 137

fraction sorbed, 113, 114, 137–139, 138 Table 
6.3

isotherm(s), 110
Freundlich, 110
Langmuir, 110
linear, 110

Source, 67. See also Emission rate

Source term, 61, 67. See also Emission rate
Specifi c emission rate, 73
Stakeholder, 317
Stakeholder involvement, 316–324
Statistical fundamentals, 290–298

arithmetic mean, 292
complementary cumulative distribution 

function, 291
cumulative distribution function (CDF), 290
median, 293
probability density function (PDF), 290
probability mass function (PMF), 292
random variable, 290
standard deviation, 293
variance, 293

Stochastic health effects, 18, 238, 246, 253–255, 
259, 263, 267, 270

dose-response, 245–246
fractional response, 18, 269

Subsurface, 127
characterization, 128 Fig. 6.1, 129–130

bulk soil density, 129–130
effective porosity, 129
mobile water volume, 129
moisture content, 129
porosity, 129

Subsurface contaminant transport in, see 
Groundwater transport

Superfund, see Comprehensive Environmental 
Response, Compensation, and Liability 
Act (CERCLA)

Superfund Amendments and Reauthorization 
Act (SARA), 62, 342, 361–364, 367

Superposition integral, 98–100
Surface water transport, 104–123

categories/types of surface water, 106–109
estuaries, 106, 108
lakes, 106, 107

thermal stratifi cation, 117
oceans, 106, 109
reservoirs on rivers, 106, 107
rivers, streams, 106

one-dimensional open-channel 
approximations, 118

open-channel fl ow, 106
turbulence, 119
turbulent fl ow, 106
turbulent mixing, 120

compartments, 104–107, 106 Fig. 5.1, 116 
Fig. 5.6

contaminants, 105 Table 5.1
contaminant transport, 104–123
dispersion coeffi cient, 119–121, 121 Table 5.4
sorption, 109–115

distribution coeffi cient, 109–113
inorganic contaminants, 111 Table 5.2
organic contaminants, 112 Table 5.3
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Surface water transport (Continued)
fraction sorbed, 113–114, 114 Fig. 5.44
isotherms, 110

transport models, 116–123
lakes, 116–118
rivers and streams, 118–123

Systemic health effect, see Deterministic health 
effects

Teratogenic health effects, 238, 240–241, 247
human teratogens, 241–242, 242 Table 10.2

Tertiary consumers, 183
Threshold dose, 246, 255, 258, 267
Time-integrated concentration, 171
Tissue, 220
Tolerance distribution models, 263, 264 Table 

11.6, 267
Toxic Substances Control Act (TSCA), 365–366
Toxicity, 237

cellular mechanisms, 224–226
Toxicology, basic human, 219–242. See also 

Health effects
mechanisms, 237–242

Transformation processes in groundwater, 
150–151

abiotic transformations, 150
biotic transformation, 150

Translocation factor, 191
Transpiration, 148
Transport of contaminants in

atmosphere, 156–178
food chain, 183–185
groundwater (subsurface), 127–152

saturated zone, 128
unsaturated/vadose zone, 148–149

subsurface, see Groundwater (above)
surface water, 104–123

Transport pathways, 82 Fig. 4.1
Trophic level, 183
Tumor, 239
Turbulent diffusion, 45, 119

Uncertainty/ uncertainty analysis, 283–311
deterministic models, 284
propagation, 298–311

concepts, 299–301
sensitivity coeffi cient, 299

methods, 301–311
sources of, 283–289

parameter uncertainty, 285, 287–289
model uncertainty, 285–286, 288–289

model validation, 286
scenario uncertainty, 286

stochastic models, 284
types, 286–289

aleatory, 286–289
epistemic, 286–289
type A, see Uncertainly, types, aleatory
type B, see Uncertainly, types, epistemic
uncertainty, 287
variability, 287

Uncertainty coeffi cient, 301
Uptake rate, see Contact rate

Vadose zone, 128
transport in, 148–149

Vegetative yield, 191
Volumetric washout factors, 177–178, 177 

Table 7.7

Water balance, 148
Wet deposition (precipitation scavenging), 

176–178
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