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Endogenous thiols, 210 
Endothelial cells, 281 
Energy, 3 

energy fiuence, 7 
energy flux density, 8 
transfer, stochastic, 104 

Energy absorbed, 50, 56, 66, 73, 78 
attenuation coefficient, 57 
cross sections, 78 

Energy absorption, 56 
final steps, 87 

Energy average, 372 
LET, 372 

Energy imparted, 5, 50 
locally imparted, (LET), 98 
lost, 50 

Energy of Compton electrons, 70 
Energy transferred, 50, 56, 57, 73, 78 

attenuation coefficient, 57 
cross sections, 78 

Enzymatic repair, 117, 145 
Epigenetic changes and cancer, 314 
Epstein-Barr virus, 328 
Equilibrium conditions, 404 
Equilibrium decay types 

nonequilibrium, 31, 34 
secular equilibrium, 31, 32 
transient equilibrium, 31, 32 

Equivalent dose, 6, 412, 426 
Error-free repair, 126 
Error-prone (SOS) repair, 127 
Erythema, 287 

threshold dose, 287 
Erythrocyte, 257 
Esophagus, late effects, 284 
Established cell lines, 171 
Estimated population exposures, 454 
Estimation of population dose, 452 
Ether, 11 
Evaluation of m and K, 205 
Even-odd rules, 39 
Event size, Y, 98 
Excess risk, 336 
Exchange hypothesis, 352 
Excision repair, 126 
Excitation, 89, 106 
Exogenous thiols, 212 
Exponential survival curve, 135 
Exposure 

definition, 5 
from medical applications, 444 

Expression of yield, G value, 109 
Extraction reaction, 119 
Eye 

cataract, latent period, 293 
cataractogenesis, 292 

threshold dose 292 
late effects, 292 

F 

Failed disjunction, 351 
Farad, 3 
Faraday's law, 12 
Fast electron, life history, 89 
F e formulation for protraction, 300 

a / ~  ratio, significance in fractionation, 
303 

extensions of F e model, 304 
reference total dose, 304 



Subject Index 473 

Feeder cells, 171 
Female gamete, specific locus test, 362 
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Ionization, 89, 106 
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Isocentric break, 350 
Isoeffect, 300 
Isoeffect plot, 302 
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Isotopes, definition, 36 

J 
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fluorescence, 46 
radiation, 46 
X-ray, 46 
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Large intestine, late effects, 285 
Late effects of high LET radiation, 384 
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cataractogenesis, 389 
cataractogenesis, neutrons 390 
heavy ion carcinogenesis, 385 
neutron carcinogenesis, 384 
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anus, 287 
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central nervous system, 290 
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gastrointestinal tract, 284 
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high-dose-rate approximation, 164 
irreparable C lesions, 161 
linear-quadratic approximation, 165 
low-dose-rate approximation, 164 
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Liver, late effects, 288 

functional failure, 288 
hepatitis, 288 
mitotic disturbance, 288 

Local control index, 236 
Local energy density, (Z), 98, 100 
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Lysozyme, 198 
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Mass-energy absorption coefficient, 58 
Mass-energy equivalence, 18 
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Mean lethal dose, 140 
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event size, (Y and Y*), 98 
linear energy transfer, 98 
local energy density (Z), 98, 100 
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coefficients, pa, p~, 150 
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multiplicity, 143, 172 
quasi-threshold dose, 143 
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Mutation rate, 361 
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Natural background, 424 
Natural background radiation, 431 
Natural incidence, 312 
Natural radioactive series, xxx 
Natural radioactivity, discovery, xxix 
Naturally occurring radioactivity, 393 
Naturally occurring radionuclides, 431 
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Negative electron (13-) decay, 42 
Neonatal death, 267 
Neoplastic tissues, radiation sensitivity, 230 
Neurological syndrome, acute, in man, 262 
Neurospora, 356 
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capture, 93, 95 
cataractogenesis, 390 
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No threshold response, 308 
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enrichment, 450 
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fuel reprocessing, 451 
high-level waste disposal, 452 
low-level waste disposal, 451 
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power generation, 451 
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Nuclear nomenclature, 36 
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Nuclear stability, 38 
Nuclear weapon detonations, 330, 395 
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Oncogene expression 
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Oncogenic change, 277 
Oncogenic viruses, 315 
Oocytes, 362 
Orbital velocity, electron, 23 
Organogenesis, 265 
Ouabain resistance, 389 



478 Subject Index 

Outdoor exposure 
dose rates, 424 
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Ovarian tumors, 385 
Oxygen and superoxide, 209 
Oxygen effect, 200 

competition model, 200 
concentration of oxygen, effect of, 203 
damage fixation by oxygen, 201 
dose modifying effect, 202 
high LET, 381 
mechanisms, 209 
oxygen enhancement ratio, 202, 381 
oxygen fixation, 205 
oxygen present after irradiation, 208 
oxygen present before irradiation, 207 
oxygen reactions with radicals, 117 
time dependence of the effect, 207 

Oxygen enhancement ratio, 202, 381 
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p21, p34, p53, and cell progression, 191 
p53 gene product, 223, 260 
Packing fraction, 40 
Pair production, 50, 51, 71 

annihilation radiation, 72 
annihilation reaction, 72 
atomic cross section, 71 
effect of Z, 73 
energy dependence of cross-section, 74 
energy transferred-absorbed, 73 
summary of pair production, 73 
triplet production, 74 

Parenchymal damage, 282 
Parent, definition in chain decay, 30 
Partial stopping powers, 78 
Particle 

fluence, 7 
flux density, 7 

Particle fluence as dose parameter, 385 
Particle model for light, 11 
Pattern of distribution of radionuclides, 401 
Penetration of aerosols, 398 
Permeability constant, 12 
Permittivity constant, 12 
Peroxidated DNA radical, 382 
Person-sievert, 309 
Phagocytosis and apoptosis, 223 
Phorbol, 326 

Photoelectric effect, light, 16 
stopping potential, 16 
work function, 17 

Photoelectric process with an electron, 88 
Photoelectric process and internal conver- 

sion, 46 
Photoelectric scattering process, 50, 51, 58 

binding energy, 59 
energy transferred-energy absorbed, 61 
partial attenuation coefficient, 60 
partial cross section, 60 
photoelectric effect, 62 
photoelectric scattering, 58 
photoelectrons, 62 
spatial distribution of photoelectrons, 62 

Photon, 16 
Photon, momentum, 63 
7r-mesons, 215 
Planck 

constant, 15 
energy of radiation, 13 
formulation, 13 
wavelength, 13 

Planetary model of Rutherford, 21 
Platelets, 257 
Plating efficiency, 170 
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expression, 183 
fixation, saline, 183 
repair 

in CFU, 246 
in GI crypt cells, 249 

Plutonium, 420 
Point mutations, 354 
Polonium, discovery of, xxx 
Polymerase I, DNA, 126 
Population dose, 309 
Positron, 42 
Positron (13 +) decay, 37, 42 
Positron emission tomography, 447 
Post-synthetic pause, G 2, 185 
Potassium (4~ radioactive), 413, 414, 440 
Potential difference, 3 
Potentially lethal damage, (PLD), 125, 182 

depleted medium, 183 
expression of, 183 
fixation with hypertonic saline, 183 
repair of, 183 

Potentially lethal injury, see potentially lethal 
damage 
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Preimplantation death rate, 265 
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347 
Pre-synthetic pause, 185 
Primary galactic flux, 441 
Primordial radionuclides, 433 
Principal organ system effects, 256 
Principle of relativity, 17 
Progression checkpoints, 191 
Proliferating (P) cell, 227 
Proliferative death, 133 
Promoter, 326 
Promoters and cell transformation, 326 
Promotion, 317 
Protection by exogenous thiols, 212 
Protraction and late effects, 293 
Proviral integration, 329 
Pulse radiolysis, 207 

Q 

Quadratic dose response, cancer, 333 
Quadratic risk coefficient, 333 
Quality factor, 6, 425 
Quantity 

capacity, definition, 3 
charge, definition, 3 
definition, 2 
dose, definition, 5 
energy, definition, 3 
exposure, definition, 5 
frequency, definition, 3 
potential difference, definition, 3 
power, definition, 3 
work, definition, 3 

Quantized orbitals, 21 
Quantum number, 15 
Quantum theory of electromagnetic radia- 

tion, 15 
Quasi-threshold dose, Dq, 143, 172 
Quiescent (Q) cell, 227 

R 

Rad, 5 
Radiation carcinogenesis in humans, 329 

absolute risk, 332, 335, 336 
accidents, 330 

cancer in radiologists, 308 
linear dose response, 332 
linear-quadratic dose response, 333 
medical exposure, 330 
multiplicative risk, 336 
nuclear weapon detonations, 330 
occupational exposure, 329 
organ specific radiogenic cancer, 338 
quadratic dose response, cancer, 333 
relative risk model, 332, 335, 336, 337 
risk coefficients, 332 
risk estimation, approaches, 332 

Radiation chemistry of water, 107 
chemical stage, 109 
G value for primary radiolytic yield, 110 
immediate products, 108 
initial radiation chemistry, 107 
primary products of radiolysis, 107 
radical chemistry of water, 108 
reactions of products of radiolysis, 119 

addition reactions, 119 
damage fixation, 120 
dissociation, 119 
extraction, 119 
restitution, 119 

recombination, 109 
solvated (hydrated) electron, 108 
water radiolysis, final products, 109 

Radiation, discovery of, xxvii 
adverse medical effects, xxvii 
biological effects of, xxvii 
mutagenic action of, xxxi 

Radiation effects on embryo and fetus, 263 
embryo, 268 
fetal growth, 267 
microcephaly, 269 
period of organogenesis, 267 
preimplantation, 265 
prenatal development, rodent, 264 
rate of congenital anomalies in man, 264 
relevance to man, 269 
severe mental retardation, 269 

Radiation modifiers and LET, 375 
Radiation quality, specification of, 98 
Radiation sensitivity 

CFU-S, 245 
GI crypt cells, 248 
skin, 255 
testes, 254 
untransformed fibroblasts, 237 
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Radiation sensitizers, 201 
Radiation weighting factor, w R, 377, 412, 426 
Radical chemistry of water, 107 
Radical production, 200 
Radical restoration, 201 
Radical scavengers 

and LET, 375 
NO, R--SH, 196 

Radical scavenging, 213 
Radical transfer mechanism, 121 
Radioactive decay 

law of, 28 
serial, xxx 

Radioactive purity, 402 
Radioactive series, natural, xxx 
Radioactivity, 2 

branching decay, 34 
chain decay, 30 
decay of mixtures, 30 
intensity, definition, 29 
mean life, r, 29 
natural radioactivity, discovery, xxix 
nomenclature of decay, 36 

atomic mass number, (A), 36 
atomic number, (Z), 36 
neutron number, (N), 36 

serial decay, xxx 
unit of, 27 

Radiobiological responses of tumors, 236 
Radiochemical degradation, 402 
Radiochemical purity, 402 
Radiolysis of water, 107 

primary products of, 107 
Radiolytic products of water, 109 
Radionuclide, definition, 36 
Radionuclide entry pathways, 394 

deep lung parenchyma (P), 398 
ingestion, 397 
inhalation, 394, 398 
injection, 395 
mouth, 397 
nasal passages (N-P), 398 
tracheobronchial tree (T-B), 398 

Radionuclides, 27, 36 
Radium, 414, 415 

dial painters, 416 
discovery of, xxx 
isotopes, therapeutic use, 416 

Radon, 413, 430 
Radon and daughters, 422, 437 

Radon-222, LET of, 368 
Radon accumulating indoors, 436 
Rate of excretion, 402 
Rayleigh scattering, 51, 62 
RBE, internally deposited nuclides, 411 
Reactions with DNA, 120 
recA, 127 
Reciprocity theorem, 405 
Recombination repair, 127 
Recombination, water chemistry, 109, 116 
Recombinational repair fidelity, 129 
Rectum, late effects, 286 
Reference radiation, 6 
Refraction, 11 
Rejoining errors, 348 
Relative biological effectiveness, 6, 90, 375 
Relative risk model, 332, 335, 336, 337 
Relative sensitivities of individual organs, 339 
Relativistic considerations, mass and veloc- 

ity, 19 
Relativistic correction, 19 
Relativistic energy, 18 
Relativistic mass, 19 
Rem, definition, 6 
Reoxygenation, 241 
Reoxygenation in tumors, 239 
Repair, 116 
Repair 

of DNA, 125 
of double-strand breaks, 127 
of potentially lethal injury, 182 
repair fidelity, 127 
and repopulation, 277, 297 
of sublethal damage, 177, 182 

interpretation, 178 
Repair-misrepair model, 151, 155 

comparison with MTSH, 159 
eurepair, 158 
linear eurepair, 158 
linear repair, 156, 160 
misrepair, 158 
quadratic misrepair, 158 
quadratic repair, 156 
repair states, 155 
time is explicit, 157 
U (unrepaired) lesions, 155 

Reprocessing nuclear fuel, 454 
Reproductive death, 133 
Rest energy, 18, 19 
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electron, 18 

Restitution, 116 
Risk coefficients, 332 
Risk estimates for tissue weighting factor, 

429 
Risk ratio, 337 
Rodent-human cell differences, transforma- 

tion, 324 
Roentgen, 5 
Rossi microdosimetric formulation, 97 
Rubidium,(87Rb, radioactive), 395, 413, 440 
Rutherford's planetary model, 21 
Rutherford-Bohr atomic model, 21 

S 

Saturation, cancer incidence, 314 
Scattering events, 17 
Scattering, gold foil experiment, 21 
Scavengers, role of, 110 
Scavenging of water radicals, 201 
Secular equilibrium, chain decay, 31,433 
Sensitive site, 153 

dimension, 153 
Sensitizers, nitroaromatics, 215 
Serial radioactive decay, xxx 
Severe mental retardation (SMR), 269 
Severity scale, 278 
Sex-linked recessive test, 358 

dose rate effects, 359 
drosophila, 357 
gene markers, 357 
male-female sensitivity, 359 
mutation rates, 359 
test results, 358 

Shielding by structures, 435 
Short track, 105 
Shortcomings of MTSH, 144, 145 
Shoulder on the survival curve, 174 
Sievert, 6, 425 
Sigmoid survival curve, 135 
Significance of D(Y) and D(Z), 101 
Simple transit population, 224 
Single-hit breakage, 348 
Single-hit inactivation model, 139 
Single-strand break, 121 
Single-target multihit, 143 
Sister chromatid exchange, 352 
Site size, 155 

Skin 
assays for radiosensitivity, 254 
cancer, early findings, xxxii 
late effects, 286 

dermis, 287 
desquamation, 287 
epidermis, 287 
erythema, 287 
microvascular change, 287 
telangiectasia, 287 

Small intestine, late effects, 285 
Sodium (radioactive), 413 
Solvated electron, 108 
Somatic mutations, 344 
Spallation, 93 
Special relativity, 17 
Special units, 2 
Specific absorbed fraction, 403, 405, 408 
Specific locus, 360 
Specific locus test, 360 

dose rate effects, 361 
female gamete, 362 
male gamete, 362 
mice as test organism, 360 
mutation rate, 361 
phenotypic expressions, 360 

Specification of radiation quality, 98 
Speed of light, 13 
S period, DNA replication period, 185 
Spermatogenesis and in vivo assays, 250 

radiosensitive and radioresistant fractions, 
251 

simple weight loss methods, 251 
spermatogonia, survival parameters, 253 
testes weight loss assay, 251 
tubular regeneration assay, 253 

Spinal cord, 291 
clonogenic depletion, 292 
demyelination, 291 
glial cell loss, 291 
oligodendrocytes, 291 

Spindle fibers, 351 
Spleen colony assay, 243 
Split dose and transformation, 325 
Spurs, blobs, and tracks, 105 
SSB repair, error rates, 128 
Stability rules, 39 
Standard man, 410, 413 
Statistics of cell traversals, high LET, 386 
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Stem cell 
in FSU, 283 
population, 225 

Stenosis, 285, 286 
Stochastic, 275, 277, 309 
Stomach, 287 
Stomach, late effect, 285 
Stopping potential, 16 
Stopping power, 9, 366 
Strain related differences, cancer, 315 
Strandqvist relationship, 287, 294 
Stromal damage, 282 
Strontium, 415 
Subchromatid changes, 347 
Sublesions, 153 
Sublethal damage 

high and low LET, 179 
interpretation of sublethal damage, 177 
repair of, xxxi, 177, 182 

Sublethal injury, see sublethal damage 
Sugar phosphate attack on DNA, 121 
Summary of Compton scattering, 66 
Summary of pair production, 73 
Supercoiled DNA, 124 
Superexcitation, 106 
Superoxide dismutase, 116, 209 
Superoxide radical, 116, 195, 209 
Survival curve, 169 

shoulder on, significance, 174 
sigmoid, 135 
threshold-type, 135 

Survival equation, 139, 150, 154, 163 
target theory, 139 

Survival of the murine conceptus, 268 
Surviving fraction, 135, 171 
Synthetic (S) period, 185 
Synthetic thiols, 213 
Syst~me Internationale, 1 

T 

T1 cell line, 173 
Target cell depletion, 276 
Target multiplicity, 134, 143, 172 
Target theory model, Lea, 133, 136, 352 

active events, 137 
basic assumptions, 134 
binomial coefficient, 139 
critical volume, 134 
hit probability, 138 
hit survival function, 139, 141, 142 

hits, 137 
inactivation coefficient, 140 
mean lethal dose, D O , 140 
molecular lesions, 134 
MTSH, properties, 142 
multiplicity, n, 143 
multitarget, single-hit (MTSH) model, 141, 

142 
quasi-threshold dose, 143 
shortcomings of MTSH, 144 
single-hit inactivation model, 139 
single-target multihit, 143 
survival equation, 139 
target definition, 134 
target multiplicity, 134 
target volume, 144 

TCDs0, 50% tumor cure dose, 236 
Technetium-99m, 33 
Technological enhancement, 431, 456 
Telangiectasia, 287 
Temperature and radiation damage, 197 
Tesla, 1 
Testes, 251 

summary of radiosensitivity, 254 
weight loss assay, 251 

Therapeutic radiology, 446 
Thermal neutrons, 92 
Thioguanine resistance, 355, 389 
Thiol modification of the radiation response, 

210 
chemical repair, 210, 213 
competition model, 210 
cysteamine, 211, 212 
cysteine, 211, 212 
endogenous thiols, 210 
exogenous thiols, 212 
glutathione, 211 
synthetic thiols, 213 
WR2721, 214 

Thomson classical scattering, 68 
Thorium, 415 
Thorium series, 439 
Thoron (22~ 439 
Thoron, discovery, xxix 
Threshold, 277, 309 
Threshold type survival curve, 135 
Thymic lymphoma, 384 
Thymidylic synthetase, 218 
Thyroid carcinogenesis, 328 
Time dependence of oxygen effect, 207 
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Tissue weighting factor, 427 
Topoisomerase, DNA, 124 
Total attenuation coefficients, 80, 83 

for mixtures, 83 
TPA, 326 
Tracheobronchial tree (T-B), 398 
Track average LET, 372 
Track segment average LET, 372 
Track segment experiments, 372, 382 
Track segment LET, 372, 382 
Track structure, 96, 366 
Tradescantia, 345 
Transduction, 329 
Transformation, 310, 314 

constant, 28 
foci, 321 

Transformed cell, 170, 320 
Transient equilibrium, chain decay, 31, 32 
Translocation, 351 
Transmutation, xxx 
Triplet production, 74 
Tritium, 3H, 412 
Tubular regeneration clonogenic assay, 253 
Tumor bed effect, 236 
Tumor growth and tumor cure models, 234 

TCDs0, tumor cure dose, 236 
Tumor suppressor genes, 223, 319 
Tumor volume versus time, 234, 235 
Tumorigenicity, 317 
Two-hit breakage, 348 

U 

U lesions, 155 
Ultrasoft X-rays, 178 
Unit 

definition, 2 
derived, 2 
fundamental, 2 
special, 2 

Units 
becquerel, 3, 10 
centigray, 2 
coulomb (C), 3 
curie, 10 
dyne, 1 
electron volt (eV), 3 
farad, 3 
gauss, 1 

gray, 3, 5 
hertz (Hz), 3 
joule, 3 
megabecquerel, 2 
newton, 1, 3 
rad, 5 
rem, 6 
roentgen, 5 
sievert, 6 
tesla, 1 
volt, 3 
watt, 3 

Uranium, 419 
compounds in glass, 457 
series, 415 

V 

V79 cell line, 186 
Variation in D0,173 
Variation in target multiplicity, 173 
Vascular endothelium, target tissue, 276, 280 
Vascular insufficiency, 276, 287 
Vascular permeability, 281 
Viruses, cancer, 328 
Volume effect, 277 

W 

Wasted hits, 377 
Water chemistry and indirect action, 116 
Water, excited, H20*, 107 
Water, first ionization potential, 17 
Water as modifier, 195 
Water radiolysis, products, 119 

addition reactions, 119 
dissociative reactions, 119 
hydrogen extraction reactions, 119 
immediate products, 108 
reactions of products, 119 
reactions with DNA, 120 

Wave theory of de Broglie, 24 
Wavelength, 13 
Wavelength and energy of radiation, 13 
Wet desquamation, 287 
Wien's formula, 13 
Windscale, 419 
Work, 3 
Work function, 17 
Working level, defined, 438 



484 Subject Index 

Working level months, 438 
WR2721, 214 

X 

Xeroderma pigmentosum, 237 
X-rays, 

definition, 4 
ionizing properties, xxxi 

Y 

Y, event size, 98 
Yellowcake, 450 

Z 

Z, 98 
z*, 369 
ZJr 2//~ 2, 369 




