
Contents

1
The Physics and Chemistry of Radiation Absorption 1

2

DNA  Strand Breaks and  Chromosomal  Aberrations 15

3

Cell Survival Curves 29

4

Dose-Response Relationships for Normal Tissues 45

5

Model  Tumor  Systems 75

6
Radiosensitivity and Cell Age in the Mitotic Cycle 91

7

Repair of Radiation Damage  and the Dose-Rate Effect 107

8

The Oxygen Effect and Reoxygenation 133

9
Linear Energy Transfer and Relative Biological Effectiveness 153

10

Radiosensitizers and  Bioreductive Drugs 165

11

Radioprotectors 183

12

Cell, Tissue, and  Tumor  Kinetics 191

13

Time, Dose, and  Fractionation in Radiotherapy 211



14

New  Radiation Modalities 231

15

Predictive Assays 245

16

Hyperthermia 257

17

Chemotherapeutic Agents From  the Perspective of the Radiation Biologist 289

18

Acute Effects of Total-Body Irradiation 311

19
Radiation Carcinogenesis 323

20

Hereditary Effects of Radiation 351

21

Effects of Radiation on the Embryo  and Fetus 363

22

Radiation Cataractogenesis 379

23

Molecular Techniques in Radiobiology 385

24

Diagnostic Radiology and Nuclear Medicine:
Risk Versus Benefit 419

25

Radiation Protection 453

Index 469



1

The  Physics and  Chemistry
of Radiation Absorption

TYPES  OF IONIZING  RADIATIONS
ABSORPTION  OF X-RAYS

DIRECT  AND  INDIRECT  ACTION  OF RADIATION
ABSORPTION  OF NEUTRONS
CONTRAST  BETWEEN  NEUTRONS  AND  PHOTONS
SUMMARY  OF PERTINENT  CONCLUSIONS



2

DNA  Strand Breaks
and  Chromosomal  Aberrations

DNA  STRAND  BREAKS
MEASURING  DNA  STRAND  BREAKS
CHROMOSOMES  AND  CELL  DIVISION
RADIATION-INDUCED  CHROMOSOME  ABERRATIONS
EXAMPLES  OF RADIATION-INDUCED  ABERRATIONS

CHROMOSOME  ABERRATIONS  IN HUMAN
LYMPHOCYTES

SUMMARY  OF  PERTINENT  CONCLUSIONS



3

Cell Survival Curves

REPRODUCTIVE  INTEGRITY
THE  IN VITRO  SURVIVAL  CURVE
THE  SHAPE  OF THE  SURVIVAL  CURVE

SURVIVAL  CURVES  FOR  VARIOUS  MAMMALIAN  CELLS
IN  CULTURE

INTRINSIC  RADIOSENSITIVITY  AND  PREDICTIVE
ASSAYS

THE  EFFECTIVE  SURVIVAL  CURVE  FOR  A
MULTIFRACTION  REGIMEN

CALCULATIONS  OF TUMOR  CELL  KILL
ONCOGENES  AND  RADIORESISTANCE
THE  MECHANISM  OF CELL  KILLING

EXCHANGE-TYPE  CHROMOSOMAL  ABERRATIONS  AND
CELL  LETHALITY

SUMMARY  OF PERTINENT  CONCLUSIONS



4

Dose-Response  Relationships
for Normal  Tissues

MITOTIC  DEATH  AND  APOPTOSIS: HOW  AND  WHY
CELLS  DIE

ASSAYS  FOR  DOSE-RESPONSE  RELATIONSHIPS
CLONOGENIC  ENDPOINTS

SUMMARY  OF DOSE-RESPONSE  CURVES  FOR
CLONOGENIC  ASSAYS IN NORMAL  TISSUES

DOSE-RESPONSE  RELATIONSHIPS  FOR  FUNCTIONAL
ENDPOINTS

SINGLE  ENDPOINT  SYSTEMS  BASED  ON  LD50

INFERRING  THE  RATIO  α/
β FROM  MULTIFRACTION

EXPERIMENTS  IN NONCLONOGENIC  SYSTEMS
FUNCTIONAL  SUBUNITS  IN NORMAL  TISSUES

THE  VOLUME  EFFECT  IN RADIOTHERAPY:  TISSUE
ARCHITECTURE

RADIATION  PATHOLOGY  OF  TISSUES
RESPONSE  TO HYPERTHERMIA  RELATIVE  TO  X-RAYS

CASARET'S  CLASSIFICATION  OF TISSUE
RADIOSENSITIVITY

PARENCHYMAL  CELLS  AND  CONNECTIVE  TISSUE
SUMMARY  OF PERTINENT  CONCLUSIONS



5

Model  Tumor  Systems

TRANSPLANTABLE  SOLID  TUMOR  SYSTEMS  IN
EXPERIMENTAL  ANIMALS

TUMOR  GROWTH  MEASUREMENTS

TCD50 ASSAY
DILUTION  ASSAY TECHNIQUE
LUNG  COLONY  ASSAY
IN  VIVO/IN VITRO  TECHNIQUE
XENOGRAFTS  OF  HUMAN  TUMORS
SPHEROIDS:  AN  IN VITRO  MODEL  TUMOR  SYSTEM
SPHEROIDS  OF HUMAN  TUMOR  CELLS

COMPARISON  OF THE  VARIOUS  MODEL  TUMOR
SYSTEMS

APOPTOSIS  IN TUMORS
SUMMARY  OF PERTINENT  CONCLUSIONS



6

Radiosensitivity and  Cell Age
in the Mitotic Cycle

THE  CELL  CYCLE
SYNCHRONOUSLY  DIVIDING  CELL  CULTURES
THE  EFFECT  OF  X-RAYS ON  SYNCHRONOUSLY
DIVIDING  CELL  CULTURES

MOLECULAR  CHECKPOINT  GENES
THE  EFFECT  OF OXYGEN  AT VARIOUS  PHASES
OF  THE  CELL  CYCLE

THE  AGE-RESPONSE  FUNCTION  FOR A TISSUE IN VIVO

VARIATION  OF SENSITIVITY  WITH  CELL  AGE  FOR
NEUTRONS

MECHANISMS  FOR  THE  AGE-RESPONSE  FUNCTION
THE  POSSIBLE  IMPLICATIONS  OF  THE  AGE-RESPONSE
FUNCTION  IN RADIOTHERAPY

SUMMARY  OF  PERTINENT  CONCLUSIONS



7

Repair of Radiation Damage
and  the Dose-Rate Effect

CLASSIFICATION OF  RADIATION  DAMAGE
POTENTIALLY  LETHAL  DAMAGE

POTENTIALLY  LETHAL  DAMAGE  AND  HIGH  LINEAR
ENERGY  TRANSFER  RADIATIONS

SUBLETHAL  DAMAGE  REPAIR
MECHANISM  OF SUBLETHAL  DAMAGE  REPAIR
REPAIR  AND  RADIATION  QUALITY
THE  DOSE-RATE  EFFECT

EXAMPLES  OF THE  DOSE-RATE  EFFECT  IN VITRO
AND  IN VIVO

THE  INVERSE  DOSE-RATE  EFFECT

THE  DOSE-RATE  EFFECT  SUMMARIZED
VERY  LOW  DOSES  RATES: CONTINUOUS  EXPOSURES
BRACHYTHERAPY  OR  ENDOCURIETHERAPY

Intracavitary Therapy
Interstitial Therapy
Permanent Interstitial Implants

RADIOLABELED  IMMUNOGLOBULIN  THERAPY  FOR
HUMAN  CANCER

SUMMARY  OF PERTINENT  CONCLUSIONS



8

The Oxygen  Effect
and  Reoxygenation

THE  NATURE  OF THE  OXYGEN  EFFECT

THE  TIME  AT WHICH  OXYGEN  ACTSAND  THE  MECHANISM  OF  THE  OXYGEN  EFFECT
THE  CONCENTRATION  OF  OXYGEN  REQUIRED
CHRONIC  AND  ACUTE  HYPOXIA

THE  FIRST EXPERIMENTAL  DEMONSTRATION
OF  HYPOXIC  CELLS  IN A TUMOR

PROPORTION  OF HYPOXIC  CELLS  IN VARIOUS
ANIMAL  TUMORS

EVIDENCE  FOR  HYPOXIA  IN HUMAN  TUMORS

OXYGEN  PROBE  MEASUREMENTS  AS A PREDICTIVE
ASSAY

REOXYGENATION
TIME  SEQUENCE  OF REOXYGENATION
MECHANISM  OF  REOXYGENATION

THE  IMPORTANCE  OF REOXYGENATION
IN  RADIOTHERAPY

SUMMARY  OF PERTINENT  CONCLUSIONS



9

Linear  Energy  Transfer  and

Relative Biological  Effectiveness

THE  DEPOSITION  OF RADIANT  ENERGY
LINEAR  ENERGY  TRANSFER  (LET)
RELATIVE  BIOLOGICAL  EFFECTIVENESS
RBE  AND  FRACTIONATED  DOSES
RBE  FOR  DIFFERENT  CELLS  AND  TISSUES
RBE  AS A FUNCTION  OF  LET
THE  OPTIMAL  LET
FACTORS  THAT  DETERMINE  RBE
THE  OXYGEN  EFFECT  AND  LET
RADIATION  WEIGHTING  FACTOR
SUMMARY  OF PERTINENT  CONCLUSIONS



10

Radiosensitizers and  Bioreductive

Drugs

THE  HALOGENATED  PYRIMIDINES

SENSITIZERS  OF  HYPOXIC  CELLS

MISONIDAZOLE

Fast Sensitization

Cytotoxicity

Thiol Depletion

Clinical Use

ETANIDAZOLE

CHEMOPOTENTIATION

BIOREDUCTIVE  DRUGS

Mitomycin C

Organic Nitroxides (SR 4233)

Dual-Function Nitroheterocyclic Compounds  (RB  6145)

MARKERS  OF  HYPOXIC  CELLS
SUMMARY  OF  PERTINENT  CONCLUSIONS



11

Radioprotectors

THE  DISCOVERY  OF RADIOPROTECTORS
MECHANISM  OF  ACTION
DEVELOPMENT  OF  MORE  EFFECTIVE  COMPOUNDS

AMIFOSTINE  (WR-2721) AS A RADIOPROTECTOR
IN  RADIOTHERAPY

RADIOPROTECTORS  AND  CHEMOTHERAPY
SUMMARY  OF PERTINENT  CONCLUSIONS



12

Cell, Tissue, and  Tumor  Kinetics

THE  CELL  CYCLE
QUANTITATIVE  ASSESSMENT  OF THE  CONSTITUENT
PARTS  OF THE  CELL  CYCLE

THE  PERCENT-LABELED-MITOSES  TECHNIQUE
EXPERIMENTAL  MEASUREMENTS  OF  CELL  CYCLE
TIMES  IN VIVO  AND  IN VITRO

PULSED  PHOTO  CYTOMETRY
MEASUREMENT  OF POTENTIAL  TUMOR  DOUBLING
TIME  (Tpot)

THE  GROWTH  FRACTION
CELL  LOSS

DETERMINATIONS  OF  CELL  LOSS IN EXPERIMENTAL
ANIMAL  TUMORS

THE  OVERALL  PATTERN  OF TUMOR  GROWTH
GROWTH  KINETICS  OF  HUMAN  TUMORS
A COMPARISON  OF THE  CELL  CYCLE  TIMES

OF  THE  CELLS  OF  SOLID TUMORS  AND  THEIR
NOMAL  COUNTERPARTS

SUMMARY  OF PERTINENT  CONCLUSIONS
GLOSSARY  OF  TERMS



13

Time, Dose, and  Fractionation
in Radiotherapy

THE  INTRODUCTION  OF FRACTIONATION
THE  FOUR  Rs OF RADIOBIOLOGY
THE  STRANDQUIST  PLOT  AND  THE  ELLIS NSD SYSTEM
PROLIFERATION  AS A FACTOR  IN NORMAL  TISSUES
THE  SHAPE  OF THE  DOSE-RESPONSE  RELATIONSHIP
FOR  EARLY- AND  LATE-RESPONDING  TISSUES

POSSIBLE  EXPLANATIONS  FOR  THE  DIFFERENCE  IN
SHAPE  OF DOSE-RESPONSE  RELATIONSHIPS  FOR
EARLY- AND  LATE-RESPONDING  TISSUES

FRACTION  SIZE AND  OVERALL  TREATMENT  TIME:
INFLUENCE  ON  EARLY- AND  LATE-RESPONDING
TISSUES

ACCELERATED  REPOPULATION
MULTIPLE  FRACTIONS  PER  DAY

Hyperfractionation
Accelerated Treatment

THE  TIME  INTERVAL  BETWEEN  TWO  FRACTIONS
WHEN  TOTAL  DOSE  IS GIVEN  TWICE  DAILY (BID)

THE  CHOICE  BETWEEN  ACCELERATED  TREATMENT
AND  HYPERFRACTIONATION

Tpot AND  ACCELERATED  TREATMENT

USING  THE  LINEAR-QUADRATIC  CONCEPT  TO
CALCULATE  EFFECTIVE  DOSES  IN RADIOTHERAPY

SUMMARY  OF PERTINENT  CONCLUSIONS



14

New  Radiation  Modalities

FAST  NEUTRONS

Rationale

Practical Sources

Percentage Depth Doses for Neutron Beams
The First Clinical Use of Neutrons

The Hammersmith  Neutron Experience

The United States Neutron Experience

Current Efforts With Neutrons

BORON  NEUTRON  CAPTURE  THERAPY

PROTONS

Hospital-Based Proton Facilities

SUMMARY  OF  PERTINENT  CONCLUSIONS



15

Predictive Assays

RADIOSENSITIVITY  OF NORMAL  TISSUES
PREDICTIVE  ASSAY FOR  TUMORS
INTRINSIC  CELLULAR  RADIOSENSITIVITY
OXYGEN  STATUS
PROLIFERATIVE  POTENTIAL
CONCLUSION
SUMMARY  OF PERTINENT  CONCLUSIONS



16

Hyperthermia

METHODS  OF HEATING
CELLULAR  RESPONSE  TO HEAT
SENSITIVITY TO HEAT  AS A FUNCTION  OF CELL  AGE
IN  THE  MITOTIC  CYCLE

EFFECT  OF pH AND  NUTRIENT  DEFICIENCY  ON
SENSITIVITY TO HEAT

HYPOXIA  AND  HYPERTHERMIA
RESPONSE  OF  ORGANIZED  TISSUES TO HEAT
THERMOTOLERANCE
HEAT-SHOCK  PROTEINS
STEP-UP  AND  STEP-DOWN  HEATING
HEAT  AND  TUMOR  VASCULATURE
TEMPERATURE  MEASUREMENT
HEAT  DOSE  OR  THERMAL  DOSE  EQUIVALENT
CORRELATION  OF  TEMPERATURE  AND  BIOLOGICAL
EFFECT

THE  INTERACTION  BETWEEN  HEAT  AND  RADIATION
THERMAL  ENHANCEMENT  RATIO
HEAT  AND  THE  THERAPEUTIC  GAIN  FACTOR
HEAT  AND  CHEMOTHERAPEUTIC  AGENTS
HEAT  AND  CARCINOGENESIS
SPONTANEOUS  TUMORS  IN DOMESTIC  ANIMALS
HUMAN  APPLICATIONS
HYPERTHERMIA  ALONE
HEAT  PLUS  RADIATION
CLINICAL  PERSPECTIVES
HYPERTHERMIA  AND  LOW  DOSE-RATE  IRRADIATION

MECHANISMS  OF  ACTION  OF HYPERTHERMIA,
CYTOTOXICITY,  AND  RADIOSENSITIZATION

SUMMARY  OF PERTINENT  CONCLUSIONS



17

Chemotherapeutic  Agents  From

the Perspective of  the Radiation
Biologist

BIOLOGICAL  BASIS OF  CHEMOTHERAPY
CLASSES  OF AGENTS  AND  MODE  OF  ACTION
DOSE-RESPONSE  RELATIONSHIPS

SUBLETHAL  AND  POTENTIALLY  LETHAL  DAMAGE
REPAIR

THE  OXYGEN  EFFECT  AND  CHEMOTHERAPEUTIC
AGENTS

PROLIFERATING  AND  NONPROLIFERATING  CELLS
DRUG  RESISTANCE

COMPARISON  OF CHEMOTHERAPEUTIC  AGENTS  WITH
RADIATION

ADJUNCT  USE  OF CHEMOTHERAPEUTIC  AGENTS
ASSAYS FOR  SENSITIVITY  OF INDIVIDUAL  TUMORS
SECOND  MALIGNANCIES
SUMMARY  OF PERTINENT  CONCLUSIONS



18

Acute Effects of  Total-Body
Irradiation

EARLY  LETHAL  EFFECTS

THE  PRODROMAL  RADIATION  SYNDROME
THE  CEREBROVASCULAR  SYNDROME
THE  GASTROINTESTINAL  SYNDROME
THE  HEMATOPOIETIC  SYNDROME

MEAN  LETHAL  DOES  (LD50) AND  BONE  MARROW
TRANSPLANTS

TREATMENT  OF RADIATION  ACCIDENT  VICTIMS
EXPOSED  TO  DOSES  CLOSE  TO THE  LD50/60

SURVIVORS  OF SERIOUS  RADIATION  ACCIDENTS  IN
THE  UNITED  STATES

RADIATION  EMERGENCY  ASSISTANCE  CENTER
SUMMARY  OF PERTINENT  CONCLUSIONS



19

Radiation  Carcinogenesis

DETERMINISTIC  AND  STOCHASTIC  EFFECTS
CARCINOGENESIS:  THE  NATURE  OF THE  PROBLEM
CARCINOGENESIS  IN LABORATORY  ANIMALS
THE  LATENT  PERIOD
ASSESSING  THE  RISK

COMMITTEES  CONCERNED  WITH  RISK ESTIMATES
AND  RADIATION  PROTECTION

LEUKEMIA
THYROID  CANCER
BREAST  CANCER
LUNG  CANCER
BONE  CANCER
SKIN CANCER
OTHER  TUMORS

DOSE-RESPONSE  RELATIONSHIP  FOR
RADIATION-INDUCED  CANCER

QUANTITATIVE  RISK ESTIMATES  FOR
RADIATION-INDUCED  CANCER

DOSE  AND  DOSE-RATE  EFFECTIVENESS  FACTOR
(DDREF)

SUMMARY  OF  RISK ESTIMATES
SECOND  MALIGNANCIES  IN RADIOTHERAPY  PATIENTS
INDUCED  CANCER  IN HUMANS  AFTER  "LOW"  DOSES

CHILDHOOD  CANCER  AFTER  RADIATION  EXPOSURE
IN  UTERO

MECHANISMS  OF CARCINOGENESIS
ONCOGENES
SUPPRESSOR  GENES
THE  PARADIGM  OF  RETINOBLASTOMA
SOMATIC  HOMOZYGOSITY
COOPERATING  GENES
ATAXIA-TELANGIECTASIA  AND  CANCER
SUMMARY  OF PERTINENT  CONCLUSIONS



20

Hereditary Effects of Radiation

GERM  CELL PRODUCTION  IN THE  MALE  AND  FEMALE
REVIEW  OF BASIC GENETICS
MUTATIONS
GENE  MUTATIONS
CHROMOSOMAL  ABERRATIONS
RADIATION-PRODUCED  GENETIC  EFFECTS

RELATIVE  VERSUS  DIRECT  (OR ABSOLUTE)  MUTATION
RISK

RELATIVE  MUTATION  RISK ASSESSED  IN THE
MEGAMOUSE  PROJECT

DIRECT  OR  ABSOLUTE  MUTATION  RISK: ESTIMATE  OF
THE  FIRST-GENERATION  INCIDENCE  OF MUTATIONS
FROM  MOUSE  SKELETAL  DEFORMITIES

HEREDITARY  EFFECTS  OF RADIATION  IN HUMANS
NUMERICAL  VALUES  OF  GENETIC  RISK
SUMMARY  OF PERTINENT  CONCLUSIONS



21

Effects of Radiation
on  the Embryo  and  Fetus

OVERVIEW  OF RADIATION  EFFECTS  ON  THE  EMBRYO
AND  FETUS

DATA  FROM  RATS  AND  MICE
Preimplantation
Organogenesis
The Fetal Period

EXPERIENCE  IN HUMANS
SURVIVORS  OF  THE  A-BOMB  ATTACKS  ON  HIROSHIMA
AND  NAGASAKI  IRRADIATED  IN UTERO

EXPOSURE  TO MEDICAL  RADIATION
COMPARISON  OF HUMAN  AND  ANIMAL  DATA
CANCER  IN CHILDHOOD  AFTER  IRRADIATION  IN
UTERO

OCCUPATIONAL  EXPOSURE  OF WOMEN
THE  PREGNANT  OR POTENTIALLY  PREGNANT  PATIENT
SUMMARY  OF PERTINENT  CONCLUSIONS



22

Radiation  Cataractogenesis

CATARACTS  OF THE  OCULAR  LENS
LENS  OPACIFICATION  IN EXPERIMENTAL  ANIMALS
CATARACTS  IN HUMANS
THE  DEGREE  OF OPACITY
THE  LATENT  PERIOD

DOSE-RESPONSE  RELATIONSHIP  FOR  CATARACTS  IN
HUMANS

SUMMARY  OF  PERTINENT  CONCLUSIONS



23

Molecular  Techniques
in Radiobiology

HISTORICAL  PERSPECTIVE
RESTRICTION  ENDONUCLEASES
VECTORS

Plasmids
Bacteriophage λ
Cosmids
Yeast Artificial Chromosomes
Viruses

LIBRARIES
Genomic Library
cDNA  Library

HOSTS
Escherichia coli
Yeast
Mammalian Cells

AGAROSE  GEL  ELECTROPHORESIS
POLYMERASE  CHAIN  REACTION
GENE  CLONING  STRATEGIES

Functional Complementation
In Situ Colony Hybridization
Large DNA  Probes
Oligonucleotide Probes
Antibody Probes

GENE  ANALYSES
Mapping
DNA  Sequence Analyses
Polymorphisms or Mutations
Expression

EXAMPLES  OF  PROJECTS  OF  DIRECT  OR

INDIRECT  INTEREST  TO  RADIOBIOLOGY

EMPLOYING  MOLECULAR  TECHNIQUES

The  first repair gene in a mammalian  cell and

cloned by  gene  transfer

The  first ionizing radiation repair gene

isolated and  sequenced  in mammalian  cells

Molecular  checkpoint genes identified and

sequenced  in yeast

p53  as a checkpoint determinant  in

mammalian  cells

Altered ras oncogenes  in radiation-induced

tumors

Characteristic mutations  in p53  in lung

tumors  from  uranium  miners

Parental bias indicating genetic susceptibility

for the induction of  lung cancer

Analysis of radiation-induced mutations

Oncogenes  and  radioresistance

SUMMARY  OF  PERTINENT  CONCLUSIONS

GLOSSARY  OF  TERMS



24

Diagnostic Radiology and  Nuclear
Medicine: Risk Versus Benefit

SOURCES  OF  RADIATION  TO  THE  HUMAN  POPULATION

RELATING  RADIATION  EXPOSURE  TO  RISK

DOSES  FROM  DIAGNOSTIC  RADIOLOGY  PROCEDURES

COLLECTIVE  DOSES  FROM  DIAGNOSTIC  RADIOLOGY

DOSES  FROM  NUCLEAR  MEDICINE

DOSES  FROM  NATURAL  BACKGROUND  RADIATION

COMPARISON  OF  RADIATION  DOSES  TO  THE  HUMAN

POPULATION  FROM  NATURAL  AND  MAN-MADE

SOURCES

DIAGNOSTIC  RADIOLOGY:  RISK  VERSUS  BENEFIT

The  Risk of Radiation-Induced Cancer  and Heritable Effects

The  Risk  to the Developing  Embryo  and  Fetus

Conclusion

NUCLEAR  MEDICINE:  RISK  VERSUS  BENEFIT

Dose  Reduction

The  Risk  of Heritable Effects and  Cancer

Pediatric Nuclear  Medicine

Nuclear  Medicine  and  the Pregnant  Woman

THE  THERAPEUTIC  USE  OF  RADIONUCLIDES

COMPARING  THE  RISKS

SUMMARY  OF  PERTINENT  CONCLUSIONS



25

Radiation  Protection

ORGANIZATIONS
QUANTITIES  AND  UNITS
RADIATION  WEIGHTING  FACTORS
EQUIVALENT  DOSE
EFFECTIVE  DOSE
COMMITTED  EQUIVALENT  DOSE
COMMITTED  EFFECTIVE  DOSE
COLLECTIVE  EQUIVALENT  DOSE
COLLECTIVE  EFFECTIVE  DOSE
COLLECTIVE  EFFECTIVE  DOSE  COMMITMENT
SUMMARY  OF QUANTITIES  AND  UNITS
OBJECTIVES  OF RADIATION  PROTECTION
BASIS FOR  EXPOSURE  LIMITS
LIMITS FOR  OCCUPATIONAL  EXPOSURE
AS LOW  AS REASONABLE  ACHIEVABLE  (ALARA)
PROTECTION  OF THE  EMBRYO/FETUS
EMERGENCY  OCCUPATIONAL  EXPOSURE

EXPOSURE  OF PERSONS  YOUNGER  THAN  18 YEARS
OF  AGE

EXPOSURE  OF MEMBERS  OF  THE  PUBLIC
(NONOCCUPATIONAL  LIMITS)

EXPOSURE  TO INDOOR  RADON
DE  MINIMUS  DOSE  AND  NEGLIGIBLE  INDIVIDUAL  DOSE

RISKS ASSOCIATED  WITH  CURRENT  RECOMMENDED
LIMITS

NCRP  AND  ICRP COMPARED
SUMMARY  OF PERTINENT  CONCLUSIONS
GLOSSARY  OF TERMS


	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16
	page17
	page18
	page19
	page20
	page21
	page22
	page23
	page24
	page25
	page26
	page27

