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1 . INTRODUCTION 

Dr. W* Timnerman, Assistant Director-General, Central Technical Services, 

acting for the Director-General, opened :the. session and welcomed the Committee. 

He called attention to the public health implications of the peaceful 

application of huclear energy and its by-products and the anticipated effect 
乂 . 

of these implications on the training" of public health personnel. 

He pointed out that this Committee was convened to consider the type of 

training in nuclear energy îAiich should be jbacorporated into the ever-broadening 

curriculum of study for the medical public health officer
4

^ and other 

professional public health workers, what degree of knowledge the various members 

of the public health team should possess, and what provision should be made 

for the training of personnel already finished with their formal training and 

presently charged with carrying out public health responsibilities. 

Sir Ernest Rock Carling was elected Chairman. Dr. Tsuzuki was elected 

Vice-Chairman， and Dr. Straub, Rapporteur, 

2. GENERAL 

The last decade has seen a rapid expansion in the nuclear energy industry, 

in.the peaceful applications of such energy, and in the use of its by-products« 

This expansion has occurred not only with radioactive tracers for research 

in medicine, industry, and agriculture, but also in the use of radioactive 

materials in the diagnosis and treatment of disease. In addition, multiairie 

sources of cobalt-60 and cesium-137 are finding wide application in medicine 

and industry, nuclear energy has been harnessed for power production, and several 

nuclear-fueled power plants are already ал operation. All of thepe and future 

developments have implications with respect to training of personnel in 

practically all fields and pose special problems for medicine ani public health. 

This report does not include consideration of undergraduate medical 
training in this field, as this subject is treated in another Expert Committee 
report. 

Hereinafter referred to as health officer. 



Graduate and post看graduate training cajmot be considered in isolation from 

undergraduate training or from general education in the widest sense• Relatively 

few people of mature years^ other than atomic specialists, have had time and 

opportunity to acquire the sciantific knowledge necessary for a full under-

standing of the elements of nuclear science* However, instruction In this 

subject is already beginning to be included in science courses at all levels, 

including secondary schools》and it 23 reasonable to suppose that the essentials 

of atomic energy will become an ingredient of general edacation in the not 

distant future о The present applications of new knowledge in medicine already 

require that every medical practitioner should be familiar with problems related 

to ionizing radiations^ and there are indications that suitable instruction to 

thi¿ end is already being given a place in the undergraduate medical curriculim. 

Nuclear radiation in all forms and from idiatever source is potentially 

harmful to living organisms
 P
 and the presence of such radiation in the environ-

ment constitutes a public health problem
P
 Because the health of a population 

may be Impaired by an increase in radiation, public health authorities must be ； 

concerned with the possible health effects of such radioactivity and with its 

control. A major hazard of s ho r t ̂ ；t erm в-igniî ic ance 镝ill be the presence of 

large quantities of radioactive materials such as might be released during a 

reactor accident or following a failure in a reprocessing plant or in a waste 

disposal containment système Long-term chronic effects on a population of the 

continuous discharge of low concentrations of radioactive material should also 

be kept in mind^ as well as special circumstances of small groups who are 

subject to greater exposures than is the general public• 

The Committee recognizes that all personnel engaged In public health will be 

active in evaluating the physical^ biological, and psychological effects of 

nuclear energy. These public health workers will also be responsible, in 

varying degrees，for recommendations as to the control of health and safety 

aspects of atomic installation projects。 More specifically thé Committee 

recognizes: the responsibility of the health officer in assessing the effect 
气.-

of radiation exposure on the general population not directly concerned with the 

Including X-rays and electron producing sources» 



handling and use of radioactive materials as well as on the -worker engaged 

in such activities； the role of other professional health personnel, 

such as the cldoiician^ the ' dental officer, and the veterinary officer, in 

fostering the safe use of radiation, including the safe use of X-ray machines, 

in their -work^ the rble of the sanitary engineer (or his counterpart) in 

obtaining information on the levels of activity encountered in various environ-

mental media and in providing such data to the health officer; and the role 

of the other members of the public health team in carrying out their respective 

responsibilities^ especially as a source of authentic public information on 

the subjects 

The éxtent to which atomic energy (or nuclear radiation in th@ enviroranent) 

may present a public health problem 1л алу particular country depends on that 

country
1

 s stage of development in this field. In some places, the need for 

incorporating training in these matters is already urgent, 'while in others 

the more fundamental problems of infant mortality, environmental sanitation, 

and coimunicable diseases are more pressing. The Committee points out, 

therefore^ that each country must prepare its personnel in accordance with its 

own needs• If it should deem its requirements to include training in nuclear 

energy for its public health personnel,then it may consider taking some of 

the steps outlined in this report• 

3. BACKGROUND INFORMATION ON NUCLEAR ENERGY: 
PEACEFUL USES 

3#1. Nuclear Radiations 

In contrast to chemical energy, nuclear energy derives from changes in 

state of the nucleus of the atom, not from shifts in the configuration of the 

electron orbits constituting its outer structure» These changes are manifested 

by radiations, i
#
e

#
 the emission of energy-laden particles and for electro-

magnetic watees
0
 Nuclear reactions between specific particles or waves^ when 

they occur^ are analagous to chemical reactions
f
 There are also various reactions 

involviig particles such as mesons^ antiprotons^ antineutrons^ and the like. 

"including the industrial medical officer and Industrial hygiene engineer 



but practical interests in controlling radiation appear to relate largely to 

reactions associated either with the fission of heavy nuclei or the fusion 

of the lighter ones, and the energy resulting therefrom. 

In addition to energetic nuclear fragments which ultimately become stable 

elements, there are three fundamental radiations: alpha particles； beta 

particlesj gajiroa radiations» The alpha particle is the nucleus of Helium 

without its two electron shells. The beta particle is an electron ejected 

from an atomic nucleus, Gamma radiation is mass less and associated with intra-

nuclear changes accompanied by the emission of energy waves which have the 

speed of light. Gamma rays behave like X-rays. 

All of these forms of energy have one outstanding property; that of 

inducing ionization, i»e. they may add or remove electrons in media in which 

they may be absorbed. While ultimately the energy will appear as heat, the 

ionizing property is especially significant in aqueous systems such as form 

the basis of living matter as we know it. Through complex changes associated 

with ionization, profound effects may be induced in living cells
л 

While ionization in an aqueous médium does not by any means afford a 

complete explanation of the mechanism of the action of radiation on living 

orgànisms, it appears to account for significant biological effects. Since 

the total amount of ionization is related to' the energy absorbed ( 34. èlec$bp«»i ¡. 

volts per ion pair in a gas), methods of detection and measurement of 

radiation have been based largely on the phenomenon of ionization. 

Note : A list of explanations of technical terms is given in ANNEX XI (page 52) 



3*2, Radiation Measurements 

Under constant conditions, the energy absorbed w i U depend upon the 

energy of the radiation and the number of nuclear events. In general, systems 

of measurement are based on the estimation of the total energy absorbed or 

on the number of nuclear events. In a third class of measurement system, the 

energy of the associated event as well as the event itself are indicated. 

It has long been recognized by radiologists that the measurement of 

radiation by ionization of air, for Instance, does not indicate the amounts 

actually occurring in living tissue - an entirely different syst^n, Much 

effort has therefor© Тэеет devoted to measurement s y a t働 ^lich eJtaWüate 

living tissues* 

3.3, Biological Effects 

Although X-rays were discovered at the end of the last century, current 

knowledge as to the pathogenesis of many radiolesions from this source is 

still incomplete, and the problem will now become more complex with ever-

increasing production and utilization of electromagnetic and particulate 

radiations. In addition to external sources, the control of which is com-

paratively easy, there are now many radioactive isotopes i^iich can be 

introduced, deliberately, or by accident, into the living organism. 

Much work has been done in elucidating biological effects of radiation, 

but developments have not been as rapid as in nuclear physics. It is difficult 

to define disturbances produced in delicate cellular mechanisms whose normal 

functioning is not fully understood. Further knowledge In radiobiology 

depends on future progress in various fundamental biological disciplines, 

especially in the fields of genetics and cellular biology. Furthermore, 

accurate determination of the dose absorbed by tissues often raises difficult 

problems « 

Another difficulty relates to the special sensitivity of complex 

organisms, such as man, to ionizing radiations. A dose of 600 roentgens, 

which may be fatal in whole body irradiation, corresponds to an accrued 

energy scarcely equivalent to that resulting from the normal metabolism of 

body tissues during a few seconds„ It is not surprising, therefore, that 

early lesions are extremely difficult to detect. 



3.3.1 Acute irradiation and. early effects 

Total or partial (i.e. local) acute irradiation of man, or other higher organisms 

in ïôiich large doses are absorbed in a short time, gives rise to a now familiar 

pattern of lesions and synç)toitis. Knowledge of radiation hazards has enabled 

authorities to institute physical protection measures. Together with the education of 

personnel at special risk, these saieguards have made radiation injuries relatively 

rare, even in atomic energy centres where sources of radiation are appreciable. It 

is likely that exposure to acute irradiation will be a rare occurrence in the peaceful 

use of nuclear energy. 

3.3.2 Chronic irradiation and retarded effects 

Delayed effects may follow acute irradiation, and may also occur as a result of 

exposure to chronic irradiation, whether from external or internal irradiation sources. 

Two types of delayed effects mast be considered: 

(a) effects on the irradiated individual himself, as for example the production 

of leukemia, and various radiocancers • The shortening of life span (which 

seems to have been noted in some countries for radiologists), has also been 

presumed to be a result of exposure to X-rays, as manifested by an acceleration 

of the aging process as well as by the diseases mentioned above, 

(b) effects resulting from mutations in germinal cells which may affect future 

generations. In so far as they may disturb the existing genetic constitution 

of the population such effects may concern mankind as a whole. Despite the 

occasional occurrence of economically beneficial mutations in agriculture (e.g. 

the production of larger or faster growing species), it is generally considered 

that induced mutations are potentially detrimental to human populations. 

Delayed effects are ill-defined and their mechanism of action often remains 

obscure. With regard to genetic effects, it is difficult to foresee the consequence 

of an increased mutation rate in populations Tidiich, like the races of man, are not in 

a condition of genetic eqallibrium. Research in this field should be intensified 

and developed. 



3»3*3 Low doses and the notion of threshold 

In the absence of more precise biological information, it may reasonably be 

assimied that hazards are negligible if the amount of irradiation from artificial 

sources remains low in comparison to that arising from cosmic radiation and other 

natural sources. 

There are at present no valid biological tests vhich may be used to demonstrate 

the effects of such low level exposure. However, it has been established that at the 

cell level there is a finite probability for certain lesion occurring, particularly 

for gene mutations at low doses* Inadequate knowledge "with respect to thresholds and 

to the applicability of biological tests precludes any statanent on the absolute harm-

lessness of very low doses• 

3^3*4 Internal contamination 

The growing use of radioactive compounds for research, diagnosis^ therapy, and 

various industrial applications^ as well as the release of radioactive materials into 

the environiîfônt^ create potential problems of internal contamination. Prediction of 

the effects of internal exposure are complicated by the fact that the behaviour of 

radioactive substances in the body is not always completely known. Among the factors 

influencing biological effects are: mode of absorption and adsorption5 metabolic 

transformationj organic or tissue affinitiesj biological half-life3 homogeneity of 

distribution in the specific tissue; etc. 

3.4 Peaceful Uses of Radioactive Materials 

The availability of a wide variety of radioactive isotopes from reactors and other 

sources in large quantity at low cost，has added to the armamentarium of medical and 

other health "workers» Because they can be added to various materials ldthout 

appreciably altering "their chemical form or structure, isotopes have found "wide 

application in tracing metabolic processes, thus helping improve basic information 

in this field. Clinicians use radioactive materials in this way as diagnostic aids 

and have been able to apply them also in therapy. It is pointed out that in many 

instances tlie use of radioactive materials or other radiations, although not always 

resulting in cure^ has prolonged the useful life of some patients. 



The sanitary engineer and his associates have used this new tool to help define the 

time of trqvel of w^ste streams, diffusion coefficients, the rate of movement of ground 

waters, and the time of flow in hydraulic structures (such as tanks， pasteurization 

equipment, lakes). 

Research studies utilizing ionizing radiations for incre?sing shelf-life of certain 

food materials through sterilization and pasteurization have beon carried out. This 

work has been extended to the destraction of insects and vermin in pre-packaged f#ods, 

for the destruction of trichinae, and for the preservation of drugs and pharmaceuticals• 

4. PUBLIC HEALTH ASPECTS OF NUCLEAB ENERGY 

,
 f

 • . . f. 

The subject matter of nuclear energy as it relates to public health is considered 

from the vie-wpoint of community implications, positive aspects (that is, the use of 

radioactive materials for health p u r p o s e s n e g a t i v e aspects (contamination and hazards^ 

largely), and legislation. 

4.1 Community Implications• 

Nuclear energy and allied radiations in all forms may be considered harmful to 

living organisms
5
 and the radioactive contamination of any inhabited environment 

therefore poses a public health problem, the gravity of which depends on the intensity 

of radiation and on the number of people affected» Fundamentally, the approach to 

control must be one of prevention by limiting exposure since, at the present time, there 

is no effective method of reversing radiation injury. The problems are basically 

quantitative and involve difficult judgements as to the risks and hazards which are 

considered acceptable to a modern society. 

The protection of the small number of workers in nuclear energy plants has been 

effectively achieved through the factors gf shielding, distance
y
 containment, and time. 

In the plan务，these factors are under control through plant design, method of operation, 

and regulation of the activities of plant personnel. As a result remarkably 1<эт 

employee exposures are the rule in plants in which thorough precautions are taken and 

detailed records are kept. 
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While the problems of radiation exposure havq many close* similarities to -those of 

industrial toxicology generally, there are important.differences. No chemical industry 

has been demonstrated to be potentially capable of causing such lasting injury to an 

entire population as compared with that which might occur from a large reactor or 

processing plant. There is no other human activity utilizing forces which are comparable 

in changing permanently the genetic structure of living things. While the public health 

officer is legitimately concerned about the теIfare of the individual radiation worker, 

his greater preoccupation must necessarily be with the •；vellbeing of the public in general, 

particularly iwith oosminities in the effective vicinity of major repositories of radio-

active 斑咖 

It is apparent that for some years to come the 'great expansion in primary power will 

be from nuclear fission. At some later dáte, practical control of thermonuclear reactions 

may be achieved^—changing the nature of the problems substantially• As long as nuclear 

fission is the source of energy for powar purposes, quantitatively predictable radio-* 

active end products will constitute a major problem• 

"While there have boen several accidents with reactors or at reactor sites, none has 

assumed the propoptions of an atomic explosion, nor is such an eventuality considered 

likely. In the ovent of a serious accident, the main risks would be those to which the 

operating personnel is exposed, but two problems of community importance might arise : 

direct radiation exposure (limited to certain linear distances); and the formation of 

a radioactive cloud,(fall-out), derived from the combustion of motal interacting with 

water. The implications of such a fall-out relate to the concentration of radioactive 

products in crops, food, animals, and milk, as well as the direct exposure of the 

general population.
 f 

Under certain combinations of reactor catastrophe and nateorological conditions, 

contamination could be established over ¿n appreciable area* In such an evant, the 

strontium—90 component might be particularly serious. Even where the outer containment 

of the гзactor remains intact, gamma radiation through the shell could b^ of such 

intensity as to require the evacuation of all persons -within a radius of 1000 metres. 

In such an event, the duties of industrial health personnel would be extremely complex, 

and close collaboration with health physicists and other nuclear scientists TOUld be 

essential. 



There exists, therefore, a public health responsibility which begins with the 

selection of the site of the reactor and extends through considerations of design to 

the pattern of actual operation. Urban or semi-urban siting of such a potential 

hazard may be justifiable insofar as the probability of a major accident was 

exceedingly small. 

To take the extreme position that there must be no risk whatever would be to 

deny to society one of the most potent sources of human well-being» Opinions tend 

to be formulated upon the basis of a strong emotional bias rather than upon a careful 

weighing of the various factors and probabilities» The alleged tendency of scientists 

to understate must be balanced against public anxieties, which may originate from lack 

of full information» These psychological problems must be solved if the full 

potentials of nudear energy are to be realized. 

4*2 Positive Aspects 

4.2Д Diagnostic and therapeutic uses 

The use of X-rays and radium have contributed ranarkably to effective diagnosis 

and treatment of disease» The artificial production of radioisotopes hae^now 

provided a more diverse tool for diagnosis and therapy, and many applications have 

been developed, 

A brief summary of some of these uses is presented in Annex VI (page 37) • 

4.2.2 Preservation of food and sterilization of equipment 

Experiments in the uses of nuclear radiations, either reactor-produced or machine-

produced, for the sterilization of food materials and drugs have demonstrated the 

feasibility of using ionizing radiations for this purpose. Side reactions resulting 

from the irradiation of certain food materials have resulted in off-flavours, thus 

affecting human acceptance of such products, even though such food products are 

apparently safe from the health standpoint» 

An outline presentir® examples of this aspect may be found in Annex YII (page 39) • 

4.2.3 Tracer uses of isotopes 

The use of isotopes as tracers is one of the most fruitful applications of atomic 

energy^ as it permits the biologist to trace in living organisms paths followed by 

chemical constituents in their respective metabolic processes, A whole organism may 

also be followed in this manner through parts of its life cycle, and of course 

inorganic materials may be tagged and followed with relative ease. 
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The use of isotopes as tracers generally implies low dosage, and in this respect 

the problem is not so serious as that related to intensa sources of radiating energy, 

Howsvar, the increasing numbers of radioactiva products and thaiy wide dissemination 

require not only control of distribution and supervision of conditions under which they 

are used, but also a satisfactory training of those who use them. Such persons should 

understand the biological effects of radiations and the consequent hazards, as well as 

the technical uses in which they are engaged。 

Physicians, often specialists in radiology, who are conscious of the hazards created 

by radiation；, are generally responsible as wsll for internal applications of isotopes as 

tracers. Neverthless^ they must obtain further clarification in dosimetry and 

protection. Their attention should also be drawn to the problems of contamination and 

elimination of radioactive wastes, and it is also important to stress the importance of 

biological factors related to absorption, distributionj and elimination of radio-

elements introduced into the human body. Nursing personnel should be instructed as to 

major precautions, and the presence of a hospital physicist is dssirabls whenever 

possible. . • 

Biologists using isotopes as tracers need knowledge approximately equivalent to that 

of physicians -with respect to dosage, protection, and contamination. In addition, they 

should be familiar with the dynamics of transport, exchange, renewal, and metabolic 

Ibr an s £ о r ma t i o n • 

^ Engineers and agronomists make up the third.group of personnel likely to make use 

of radioactive substances as tracers。 They should be given instruction on the biological 

effects of radiations and the hazards to which they are exposed and to which they may 

expose the general population. 

4.3 Negative As]>ects 

The use of nuclsar energy in the modern community must lend to quest,ions of 

con-bamination, hazards, and prct=.cticn. 

4-3。l Protection from medical uses 

The sources of ionizing radiations, Thon used in diagnosis and therapy, are X-ray 

apparatus and radioisotopes. These machines and materials are generally found in 

hospitals, where certain control measures must be taken by the institution's authorities. 



The presence of X-ray and fluoroscopic equipment outside of hospitals constitutes a 

public concern and should be regulated by the health authorities of the community. At 

present, the use of isotopes outside the hospital Is almost unknown
#
 though a person v

T

ho 

had received radioactive substance internally may be an out-patienta thus living outside 

the hospital. However, such cases are few in number and the low dosage and short half-

life of their medicatioE may be considered not to constitute a public health problem, 

Instructions should always be provided for the handling of persons containing radioactive 

materials when further medical treatment is required or in the handling of cadavers 

during autopsy or embalming» 

X-ray departments of hospitals have by now evolved codes dealing with protection of 

patients and staff with respect to their apparatus, but the newly developed uses of 

radioisotopes require that regulations be instituted for the proyer handling of these 

materials as well. In this regard, the hospital administrator Is a key figure, assisted 

by a number of technical advisers, in collaboration with public health authorities. It 

is possible that in the future the main responsibility will fall on the latter. 

Detailed suggestions are given in Annex VIII (page 4l). 

4.3.2 Protection from industrial uses 

As the industrial use of radioactive machines and materials increases, there will 

develop a greater need for a system of control so that the general population and 

industrial workers may receive maximum protection. The governmental and administrative 

pattern of a particular country will determine whether licensing of users or other method 

will be evolved, including regulations concerning shipment (import and export) of radio-

active materials, as well as storage, handling, and disposal. 

The industrial physician^ being responsible for healthy working conditions in any 

aspect, should be in charge of all measures concerning health and safety protection of 

workers in regard to ionizing radiation. In addition to medical supervision and health 

care which are part of industrial hygiene practice, effective technical measures must 

also be assured. The industrial physician should collaborate with the technical staff, 

and should be informed about levels of radiation, especially about any occasional 

elevations or deviations in protection procedures^ i,e. exposures above maximum 

permissible dose. 

Details with regard to industrial radiation protection are presented in Annex IX 

(page 45), 



l<-,3,3 Accidents and. catastrophes - community aspects 

The operation of nuclear reactors appears to be safe, but it is current practice to 

consider such an installation as potentially hazardous and to take appropriate pre-

cautions . It is вaid that a nuclear reactor will not "run away" unless a number pf 

serious mistakes are made， but occasional mishaps should be anticipated. 

A reactor accident would have community implications in varying degrees, depending 

upon: the severity of the accident: the extent of the fall-outj the location of the 

reactor with relation to watershed_, prevailing winds
;
 proximity to inhabited area; the 

météorologie conditions existing at the time
;
 etc, 

• . « 

Waste disposal 

Waste materials firm the atomic energy industry are gaseous, airborne, liquid, and 

solid； and may occur in any phase of the industry - from the mining of uranium ore to 

the ultimate use of a specific radioisotope in industry； research, or medicine. These 

vastes differ from ttu^se which, have iiad public health significance hitherto in that they 

are radioactive and potentially damaging to human and other tissues。 Because of this 

aspect^ considerable^ a^tentiQi^.Дs- being given.to the control of radioactive effluents, 

and members of the public hea].th team must anticipate taking on some responsibility in 

this aspect of the work
4 

Certain details relating to this, subject are presented in Annex X (page 紅了) 

k Л Public Health. Législation , ., .. 

Instruction of public health personnel with respect to legislation regarding 

control of radiation hazards should be.aimed at an understanding of needs and limitation 
- : % • • • 

but need not include technical details。 A popular demand for such, regulations is 
• • •

 1

 r ., . - . ... “ ‘ 

inevitable and it can be expected that during the years ahead this demand will in crease 
• f-* 

as the public becomes increasingly conscious of these hazards, The unseen nature of 

radioactivity provides an adâed need for reasonable legislation^ as pnly through 

effective control programmes can protection be provided, for the general public as 

well as for those whose occupation entails a special hazard
0 

Attention is directed to U.S. National Bureau of Standards Handbook 6l entitled 

"Regulation of Radiation Exposure by Legislative Means" • This handbook contains 
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suggestions as to a suitable legislative act which would empower a governmental agency 

(possibly a health department or a i'inistry of Hoalth) to adopt appropriate rules and 

regulations. 

Even more in^ortant from the standpoint of public health peraennel are suggestions 

as to principles th^t should govern the drafting of such legislation. These include s 

(a) recognition of many kinds and sources of radiation； 

(b) need for consultation as te tschnical details; 

(c) need for single control agency in ？my gevarnmentnl unit? 

(d) simplicity statutes with broad delegations of quasi-legialative 

power to administrative agency； 

(e) relative advantages of registration and lieeneing? 

(f) flexibility of legislation to meet changing eonditiens a»d haeardsj 

(g) enforceability. 

Public health personnel should have an understanding ef aúeh princioles se that, 

if entrusted with a control programme, a workable end r a U o n a l ss>t At regale-bions «en 

be evolved. 

5. RESPONSIBILITIES OF HEALTH PERSONNEL 

This section svcnmarites the obligations and d»tteS of health workers, and indicates 

the kinds of knowledge that will be required by the varieus disciplines. 

5.1 Health Officers (Medical Officers of Hoalth) 

A primary duty of the health officer is to be instrumental in protecting the public 

against environmental agents potentially dangereus te health, employing for the purpose 

such technical and administrative procedures as may be nac9«sary. His wider duties 

include the promotirn of measures to maintain the physical and mental health of the 

community, as well as functions of an administrative »r advisory character. 



To discharge these obligations the health officer requires, in addition to a 

technical knowledge of such subjects as environmental and personal hygiene, sanitary 

science, and epidemiology, a broad knowledge of the community and its social and welfare 

services. In particular, he must have an active comprehension of the scope of medical 

spocialtiss and occupational health, and of the organizational structure of medical care 

services and industrial medical services. 

With this range of duties in mind, it is not difficult to Identify the various ways 

in which nuclear energy and radiation might come within his purview. They can 

conveniently b® щЗкг foui- hâi:1ingsi 

1. Health promotion and the control of environmental haaarde: e.g. radio-

active pollution of air, soil, and water; contamination of foodstuffs ; 

disposal of atomic wastesj mental health aspects. 

2. The use of ionizing radiations in public health procedures: e.g. tracer 

use of isotooes in sanitary practice and epidemiological surveys ; the 

preservation of foodstuffs; sterilization of equipment, etc. 

3. Industrial medical problems associated with atomic energy: e.g. the 

protection of personnel; atomic accidents. 

4. Medical uses of radioactive isotopes and X-rays. 

5.2 Hospital Administrators 

The hospital administrator will have to be concerned vith the provision of safe 

physical facilities for the use of radioactive materials in the hospital under his 

jurisdiction. He will be responsible for providing for the control of these materials 

and for their safe storage^ handling,, and disposal. This problem may not be entirely 

new to him inasmuch as he has presumably had some experience with X-ray equipment and 

the hazards associated with its use, recognizing of соигзе its differences and 

similarities with respect to other sources of radioactivity. 

5.3 Industrial Hygisne Workers (medical, nursing, and engineoring) 

Basic expert knowledge of the fundamentals of radiation protection, in varying 

degrees, depending on the nature of tho particular industrial plant, is nan considered 

necessary for industrial physicians, industrial nurses, industrial hygienists, and 



sanitary engineers working in the field of occupation?.! health . Where indicated, a 

safety inspector trained along the lines of a radiation surveyor (health physicist) will 

be an essential adjunct to the st^ff. One of the important duties of industrial health 

workers will deal with radiological health education. They must be prepared to present 

facts in a popular and understandable form to workers
3
 foremen, safety inspectors, and 

managers. 

5.4 Sanitary Bnglnesrs^ 

The sanitary engineer will be responsible for the identification and measurement of 

gross alpha and beta-gamma activity in air, water, soil, food materials, etc. and with 

the implementation of control measures, though of course collaboration with atomic 

science specialists will be necsssary in most instances. He should be familiar with 

site selection, m t h monitoring of the site, and viith the techniques of waste handling 

and disposal. If analytical methods include the identification of specific radio-

nuclides he -will have to be familiar with radiochemical procedures and with the 

utilization of special radiation measurement instruments, as for example, gamma ray 

spectrometers, liquid scintillation counters, etc. The sanitary engineer should be 

aware of the application of tracer techniques to the solution of specific problems in 

his immediate area of interest, as for exanrole, in the determination in flow time in 

streams, reservoirs, various watsr and sewage treatment units, and should be aware of the 

limitations of such use. 

5.5 Veterinary Public Health Officers 

The veterinary officer will be responsible for animal and tissue sampling for 

measurement of radioactivity, and the interpretation of results as related to the public 

health. He will also be concerned with the surveillance of the production of milk and 

other foods and the potential effects of radioactive contamination of food resources. 

5.6 All Public Health ^-forkérs (community psychological attitudes) 

All public health workers have a common function Tirith relation to the general public^ 

namely to represent an authentic source of factual information on health matters, in 

* In this report the term Sanitary Engineer is used for the sake of convenience and 
is understood to include other related personnel, each with his own level of intensity 
of interest, such as water engineer, sanitarian, sanitary inspector, etc. 



this case on the health implications of atomic energy. Included in these categories, in 

addition to thôse already mentioned, are public health nurses, health educators, mental 

hygienists, social workers', etc., whose task it m i l be to alleviate and dispel public 

anxiety regarding atomic energy, 

A basic knowledge of radiation should be provided for all persons included in this 
• . 

category so that they are' conversant in a general way with problems relating to the uses 

of nuclear energy. 

5.7 Laboratory and other Technical Personnel 

Persons working in the public health laboratory will be responsible for the 

examination of radioactivity in samples of air, water, food, and other materials, and 

for certain aspects of monitoring. They should have training in the fundamental 

principles of shielding and distance, the education of laboratory staff in meticulous 

observance of rules of conduct, the continuous monitoring of the laboratory site and 

personnel, survey of all apparatus and techniques, and controlled disposal of waste. 

For technicians and graduate medical men intending to use isotopes, a course in 

protection presumes some knowledge of the principal facts concerning radioactivity, but 

should nevertheless begin with explanations of units of mass, charge, activity, and 

energy, of transmutation of particles, decay, the characteristics of different types of 

radiation, etc.
}
 followed by an account of the effects of radioactivity. Emphasis should 

also be put on the responsibilities inherent in the possession and use of radioactive 

materials• 

0。 COURSES IN NUCLEAR ENERGY FOR PUBLIC HEALTH WORKERS 

It can be expected that in a few years public health students will enter : graduate 

courses already possessing a general knowledge of n u c b a r physics and radiation medicine, 

and therefore already equipped to concentrate on public health aspects of atomic energy. 

For some time to come, however, it is clear that this will not be the case， and, unless 

a comprehensive account of atomic subjects is included in graduate and postgraduate 

courses, there is a danger that a generation of health workers will be less accomplished 

in this field than are the younger members of the profession as a whole. A certain 

amount of elementary physics and mathematics should be included as indicated, or presumed 

to be part of the student's prior knowledge. 



The Committee, in outlining the teaching content of atomic energy for presentation 

to public health workers, considered five main headings: Physical Principles； 

Biological Principles j Applications of Nuclear Energy and Radiation； Hazards j 

Protection. The material under Biological Principles is further subdivided, for sake 

of convenience, into four general topics : conditions of biological irradiation； 

description of biological effects； mechanism of biological actionj protection by-

means of chemical agents or biological products. 

It is recognized that some of the topics included under the heading of "Protection" 

are closely related to those under "Hazards", so that a certain amount of repetition is 

inevitable. Also, except for a few items like waste disposal, pollution of streams 

and atmosphere, and site selection for atomic establishments, which have broad comnunity 

implications, protection deals largely with the persons who are close to the actual use 

of radioactive equipment and materials. 

Each of these subject headings is described below for four teaching (instructional) 

levels : an orientation course； an introductory coursej an advanced course； and a 

specialist course. It is intended that the outline of these fcur courses will serve 

as a guide for persons who plan instruction in this field, but their suggested content 

must be considered as no more than a set of recommendations which may be modified to 

suit the variable needs of a particular country or of public health personnel working 

therein, 

6,1 Orientation Course 

The Orientation Course might be considered a basic universal course for most public 

health personnel, such as: medical, dental, and veterinary personnel not having 

responsibility for radiation； public health and industrial nurses； health educators； 

hospital administrators； sanitary inspectors. 

Its duration may be estimated as six to eight hours during graduate studies or 

two days if given as a short-term special session. 

Teaching methods would of necessity be limited to lectures, with only a minimum 

of discussion or other class participation. A set of prepared notes containing a few 

pertinent facts for reference might be given %o the students for use as a "textbook" 

and some charts cr diagrams might be found of Value, The use of films and exhibits 

would in general not be practicable in this course. 
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6.1.1 Physical Principles 

The student must first have a concept of the structural rfelationship of the 

molecule and the atom leading up to the concept of the atom and that the latter is 

considered as a. nucleus with outer rings of electrons. It should be made clear, for 

the sake of simplicity, that chemical relationships have to do with the connexions 

between atoms, whereas nuclear radiations have to do with their internal structure. 

This would be followed then by a simple statement of the nature of fundamental 

types of radiation, at the level generally covered in a high school course in physics, 

accompanied by actual demonstration. A useful demonstration would be the simple 

cloud chamber which can be made out of simple apparatus. Such a chamber brings into 

actual visibility the fact that people live in a radioactive environment, and 

demonstrates the general character of natural radiation which exists everywhere,. 

The lectures could then lead into elementary statements about the nature of 

isotopes, and again the simple cloud chamber can help visùalize the effects of the 

atomic disintegrations. 

The fact that these radiations can be detected and measured together with the 

manner of measurement should be treated rather briefly, making it clear that the 

available methods are of very great sensitivity. This would set the scene for the 

realization that we are dealing with events which can be detected at an extremely low 

or^ier'of jaagAilAide in comparison vith their hazard levels, 

6.1.2 Biological Principles 

Teaching of irradiation and description of 

biological effects. With respect to the fOTraeivone~eboul(L_£acplala.>ow~various type«_. 

oí.radiation penetrate into the tissues. Students should be taught about the 

circumatances in which contamination by radioactive products may occur. They should 

be made aware of the fact that an isotope emitting alpha or in many cases beta rays is 

dangerous only if it is absorbed. It is important to point out for instance that 

carbon is dangerous if it is absorbed, but that it is harmless as long as it 

remains outside the body. There should also be mention of the concept of biological 

dosage, though this subject is difficult to teach without including the subject of 

relative biological efficiency. Mechanisms of biological actipn should be omitted from 

this course. 

Under biological effects， one should begin by enumerating somatic lesions of skin, 

intestines, gonads, eyes^ and other radiosensitive organs. The concept of partial 



irradiation and whole body irradiation should be introduced, as well as that of delayed 

effects. Mention should be made of aging effects, leukemia, and cancer. One cannot 

in this group go into a study of the genetic effects beyond a mere mention of their 

existence, 

6.1.3 Applications of Nuclear Energy and Radiation 

For the purposes of this course, it should be sufficient to explain in simple terms 

the nature and purpose of a reactor, including a reference to its use for producing 

isotopes. Some examples may then be given of isotopes and their uses in research, medicin 

agriculture, and other fields. Mention should also be made of X-ray apparatus, which 

has importance when dealing with the subjects of hazards and protection, 

6.1.4 Hazards ' 

The quantitative evaluation of hazards should be related to sources (medical, 

industrial, etc.) as listed in 6.1.3 in general terms. It is especially important to 

introduce epidemiological concepts regarding risk differences among various types of 

workers and the general public. The question of permissible dose should be treated 

only in simple terms, in relation to measurements. Radioactivity in the environment 

should be studied carefully because of its community implications. 

The effects of radiological exposure in the fremework of occupational diseases 

need only be mentioned in this course, along with pre-employment and periodic examinations 

It is important to picture radiological hazards in industry as part of the whole problem 

of health protection of employees. The necessity for legislation and industrial health 

organization may be discussed in general terms. 

6,1.5 Protection 

General principles of radiological protection should be covered in this course, 

dealing mainly' with external exposures by gamma rays or X-rays and internal radiation by 

isotopes. 

Among the subjects which should be briefly presented in this course are丨 personal 

discipline, personnel monitoring, permissible exposure, decontamination, first-aid, 

safe handling, shielding, etc. 

6.2 Introductory Course 

Che Introductory Course would be suitable» (a) as a basic curriculum for industrial 

medical officers, sanitary engineers, and biostati
B
tician

S )
 and (b) as a further course 
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for medical and veterinary officers not expected to have special responsibility for 

atomic energy. 

The time for this course is estimated at about sixty hours if given during attendance 

at full-time graduate studies, or two weeks if the participants are brought together 

particularly for a concentrated course
 e 

In addition to a regular series of lectures, opportunity might be found to hold 

small group discussions and practical periods where the students would examine records 

and data. They might also be shown actual instruments or equipment
;
 and films might 

be used if suitable ones can be found at the right technical and educational level. 

6.2.1 Physical Principles 

Herej the nature of atomic structure and of the nucleus should be more simply 

discussed, and fundamental particles more completely characterized. A greater 

•distinction should be made between particulate radiations and those of gamma and X-ray 

radiation, and the nature of chemical energy should be developed, a little further. 

The concepts of the periodic table and the transmutation of elements on a simple scale^ 

might also be introduced, leading to an understanding of the outcome of some of the 

simple r-adioactive chains
 s
 A small neutron source for activation experiments would be 

of considerable teaching value， as it could be used to show transmutations of elements 

to produce isotopes of fairly short half-^ife» 

In this introductory çourse； understanding of isotopes could be expanded。 A sinrole 

demonstration of tracer utilization and the value of tracer? would be helpful. Simple 

types of equipment should be used, so that while the student is given a physical 

background., his attention should be directed to the atomic events themselves rather 

than the chromium and dials of an array of instruments. At this time, a short review 

might be made of such matters as the nature of fission in heavy elements and the 

fact that radioactive components of many differing characteristics are produced. The 

situations in which these radiations can be produced could be briefly presented^ most 

conveniently with an X-ray machine» A reactor model of one of the simplest forms would 

be a useful teaching aid^ although it may be practicab?,.e to provj de one only when 

courses are given repeatedly,, 
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6.2,2 Biological Principles 

The students should have some detail as to the penetration of rays into the tissues, 

and absorption^ elimination, etc. of isotopes. They should be introduced to concepts 

of the biological half-life of radio-elements, and should also know, for example, that 

if a person is contaminated with tritiated water, half of it will be eliminated in ten 

days* Biological dosage should also be mentioned. Also one should speak of relative 

biological efficiency and introduce the concept of the rem. 

The students should study somatic effects, going into detail in this field, and 

should also consider delayed consequences of exposure
 f
 Genetic effects could be 

treated in a general way, but including perhaps their applicability in agriculture. 

The primary effects (lesions), following the effects of ionization on cells should 

also be considered. 

Treatment by means of chemical or biological agents could be discussed in general 

terms, stressing that at the present time there is practically no means of protection^ 

either chemical or biological^ against radiations• 

6 , 2 A p p l i c a t i o n s of Nuclear Energy and Radiation 

The students should be informed about various kinds of reactors, and should be 

given a brief description of their primary functions. The uses of liquid-cooled, gas-

cooled, and metal-cooled reactors should be discussed. 

Fairly comprehensive consideration of the applications of radioisotopes would be 

indicated in this course, though it would be advantageous if the several professional 

groups could be separated for this purpose» For example, a medical officer might be 

interested in the use of isotopes for diagnosis and treatment, an engineer - for 

determining time flow and other tracers, whereas a biologist would prefer to concentrate 

on the aspects given in 6.2.2. 

X-ray apparatus should receive attention in this course, and some techniques of 

radiation measurement should be taught. Some,of the more elementary types of 

instrumentation should be demonstrated by the instructor. 

Hazards 

Details should be given on hazard evaluation, with discussion of various quantitative 

and epidemiological sources, including industrial^ medical, laboratory
д
 and the general 

population. Some attention might be given to hazards arising from transport, storage, 

wastes, pollution, and other activities which may be potentially dangerous
#
 The studèots 



should be given an idea of measurement techniques under different conditions. The use 

of film badges and ionization chambers should be described in a general way and 

demonstrated by the instructor. 

Some attention should be given to the general public health implications of 

radiologic hazards, with mention of registration and legislation. 

There should be a general discussion of pre-employment and periodic examinations 

for workers, with consideration of early symptoms of exposure, acute and delayed effects, 

possible genetic effects, and description of the important radiation diseases. The 

special problem of radiation may be stressed as part of the whole industrial health 

picture, 
* • ‘ . . 

Industrial health organisation and administration should be described in terms of 

general principles, but not in detail (unless so required by the composition of the 
k 

particular student group). Discipline among handlers or operators of radioactive 

equipment and materials should be mentioned, 

6.2.5 Protection 
•i 

The principles of radiation protection should be presented, including time and 

distance factors, shielding, and containment. The students should have some idea of 

the apparatus used for protection, with demonstrations', if possible. 

The administrative aspects of handling, hours of work^ design of premises, safe 

packaging and transport, labelling, codes of practice, Xipensing and registration, 

should be stressed with varying degrees of emphasis depending orl 4 h e basic composition 

of the group. 
•i • 

For those who will have actual relationship with persons using radioactive equipment 

or materials』 some details may be given on decontamination, treatment of contaminated 

wounds and of internal contamination, monitoring, and waste disposal. 

6,5 Advanced Course 

The Advanced Course is designed fori medical officers (including industrial medical 

officers) with responsibility for atomic energy activities； industrial and sanitary 

engineers; hospital physicists, health physicists, and other scientists; biostatistioians 

in the field of atomic energy. 

The time required for this course will probably be 120 hours if given during 



All appropriate teaching methods should be used, stressing student participation in 

academic and practical work. Field visits should be arranged where feasible and where 

educationally advantageous to the particular group. 

6.3«1 Physical Principles 

The group to whom this course would be given should be presumed to have a reasonable 

background in mathematics and physics, as considerable attention should be given to 

quantitative treatment. At this level, inter-atomic forces and their magnitude are 

discussed as well as the more complicated problems of high energy particles viiere 

fragments of atoms, which in turn disintegrate, may be produced» A broader approach 

to the nature of matter, the effect of radiation, and energy reactions with matter should 

be a feature of this course. 

There should also be some discussion of problems of isotope production. Transmuta-

tion by neutrons should be demonstrated if apparatus is available, and a more extended 

treatment of nuclear fission with respect to energies and neutron cross sections might 

be considered. Here the class should study X-ray tubes and their action, and the 

relationship of energy applied to the quantitative character of the X-ray beam which 

emerges» 

Various types of reactors and some of their inherent purposes of operation should be 

explained, attention being drawn to the unusual materials which are often involved in 

these systems; for example, use of liquid sodium, which 生s unique in the industrial 

scene, as well as emerging concepts of reactors using molten bismuth, uranium alloys, 

etc. These are still in a developing stage, but they bring into focus the use of 

materials with which there has not been previous experience. 

6.3.2 Biological Principles 

Instruction in this course should go into calculations about absorbed doses, and 

should furthermore begin a detailed study of the metabolism of radioactive substances, 

particularly the more dangerous fission products, This should lead to a consideration 

of relative biological efficiencies of various radiations and a discussion of the rem 

as a unit, while drawing attention to difficulties connected with its use. 

With respect to biological effects^ more detail should be given about the effects 

observed at the cell level. Cellular damage, as well as problems of biological effects 

on the cell and mutagenic effects, should also be mentioned* Furthermore, the students 

could take up conditions of radiosensitivity^ meaning physical aspects of radiosensitivity 

for example different types of dose flux. Fractionation of doses and the influence of 



biological factors should be included as well. It should be pointed out that cells are 

not all equally sensitive at various stages of mitosis^ also that a cell is more 

sensitive to radiation the less differentiated it is• One should also begin studying 

the problem of cell repair^ and its relationship to fractionation of dose. A detailed 

study of somatic lesions should be made, and in particular one should deal with the 

histopathology of radiolesions in some detail. Genetic effects should be studied^ 

including ecological problems connected with the effects of radiation. 

The mechanism of biological action should begin with a study of the mechanism of 

action of radiation, should define the direct action of radiation as well as the indirect^ 

and should also show the importance of chemical intem^âiariaa and pre-radicals • One 

should mention the role of oxygen and the secondary effects of radio-pathological phenomena, 

including that of infection and the manifestations of shock with its secondary phenomena• 

Concerning treatment (including prevention of radiation sickness) by means of 

chemical agents or biological products ̂  mention should be made of recent developments in 

this field- particularly the use of cysteine, spleen extracts， and bone marrow. 

6。3.3 Applications of Nuclear Energy and Radiation 

Detailed descriptions of reactor types as well as an introduction to design and site 

selection are required in this course. Teaching should include a consideration of accel-

erators and processing plants. Visits to installations should be arranged if possible. 

Specific isotopes as well as their distinctive characteristics and uses should be 

considered• For this， separation of the various professional groups would Ъе necessary# 

Radiation measurement should be studied in some detail, the student being afforded 

actual practical experience with several types of instrumentation. 

6.3«4 Hazards 

The students should become familiar with actual epidemiologic data referring to 

hazards and exposure. Some practical work, as well as field visits, might be included. 

Details of risk measurement and experience with instruments should form part of the course. 

The public health aspects of radiation hazards should be treated in some detail
9
 and 

discussions should emphasize recognition^ measurement^ registration, and legislation。 

This group should learn the critical details of pre-employment, exairiinations, 

especially the evaluation of findings and the basis for decisions permitting certain 
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employees to work under specified conditions. The students should take up actual 

examples (i,e. medical records) and assess them as practical exercises, Periodic 

examinations of exposed personnel should be studied in detail, including individuals 

and group statistical evaluations. Radiation diseases should be studied from all 

viewpoints, pathologic^ symptomatologies prognostic, etc. Practical work with patients 

should be included for medical groups in this coursej if possible » 

The organizational and administrative aspects (including discipline) of industrial 

services, medical laboratory services, or^ther types of installation should be studied 

in detail in accordance with basic professional interests of the student group» 

6,5,5 Protection 

In this course, some detail should be given on the principles of protection, 

including practical experience in calculating various factors and in the use of 

protective devices^ including X-ray tube filters, cones, etc. 

The administrative aspects of personnel (employee) pirotection should be given 

considerable emphasis^ with some variation depending on the basic interests of the 

students » Included might be details of codes of practice^ licensing^ inspection^ 

legal aspects^ packaging^ transport^ and waste disposal. The design of premises and 

site selection are important as well^ 

The students in this course should learn about the evaluation of body fluids 

monitoring^ total body monitoring, and special problems of protection^ with opportunity 

for practical work. Medical groups should, in addition, be concerned with treatment 

of external and internal contamination
0 

6,4 Specialist Course 

The Specialist Course is for persons of professional backgrounds in science
# 

engineeringe or medicine who will have special responsibilities in the field of atomio 

energy^ 

No specific length of time is suggested for this course^ as at least an academic 

year of full-time graduate studies would undoubtedly be required. Such a course is 

not suitable for
 M

short-term” implementation• 

Instruction in the specialist course must be planned on an individual basis, 

though a certain number of lectures^ seminar classes^ laboratory sessions^ and practical 

training would be arranged for all groups of students• 



6Л*1 Physical Principles 

This course would have to give attention to the specific needs of a restricted 

small group whose requirements are extensive and specialised, For individuals 

primarily interested in biological effects and utilization of radiations, this part of 

the course would be adjusted within fairly wide limits• 

6
6
4,2 Biological Principles 

The material mentioned in should be considered in greater detail, including 

practical work and even participation in research projects• 

Certain advanced concepts should be presented, for example^ one often speaks of 

ionizing radiation； but not of the radioactive disintegration with which it is closely 

connected。 It is possible for only twelve atoms of phosphorus 32 to destroy a virus, 

not because of the radiations coming from the disintegration of phosphorus 32, but 

because phosphorus is transformed into sulfur and the molecule of nucleic acid containing 

the phosphorus can no longer sustain the function of the cell. This phenomenon> 

known as "suicidal", is very important when considering the effects of very small doses 

of radioisotopes and should be dealt with in this course, 

With respect to treatment by chemical agents and biological products^ there should 

be discussion as to the possibilities of research in prevention and treatment of 

radiolesions^ The instructor should show the important part played by oxygen, the-^reat 

interest in anti-oxygen substances, and the difficulty of reducing too greatly the 

oxygen in the tissues» 

Applications of Nuclear Energy and Radiation 

No details can be outlined for this course^ as it is expected that persons at this 

Level would be familiar with the peaceful application of atomic energy in all its 

ramifications
д 

Hazards 

The content of this course with respect to hazards will depend largely on the 

composition of the group, though one might simply say that the students should know the 

subject comprehensively. They should have opportunity for practical work and • should 

even be encouraged to participate in research problems with reference to 4heir
r

special 

interests
e 



6.4,5 Protection 

A s w i t h
 other topics, students in this course should have comprehensive instruction, 

i n c l u d i n 6
 practical work and research participation where feasible. Special emphasis 

s h o u l d
 be placed on design of laboratories and plants for safe and efficient working 

c o n d i t i
o n s . Site selection for nuclear establishments as well as waste P-cessins and 

d i s p o S
a l should receive f^ll consideration, including particularly oon^unity aspects, 

6,5 Handbook of Radiological Health Data 

•
 T h e

 Con^ittee recognizes that facts on radiological health are spread over a 膽 她 . 

o f b o o k S
, professional f u m a i s , and printed course material, thus making it difficult 

for health workers to find the particular pertinent data they may need. It is 

s u g g
e s t e d , therefore, that a compendiu™ be published, under the responsibility of the 

best experts available, for the purpose of meeting this need. In such a handbook, 

p r i n t e d
 as a Kind of dictionary, facts, definitions, practical advice, and a number of 

e s p i e s would be given in a co.prehensive manner. To remain a valuable source of 

infonnation, such a compendia would have to be revised from ti
m
e to time. The 

e x l s t
e n c e of such a publication would in no way preclude the necessity for organizxng 

courses in radiological health for health workers, 

7, BECOMMENDATIONS 

T h e
 Co^ittee offers several reco^endations, which are directed to the World HeaitK 

0 r g
ani

Z
ation and other international bodies, to g o v e ^ e n t s - d sub-divisions thereof, 

t o
 educators and educational institutions, and to the general Public. 

The Committee recommends» 

! that the growing body of knowledge pertaining to atomic or n u d e a r energy . 

b e
 reco^ized as having p l i c a t i o n s for tbe public healtb, and tbat officers r e s p o n s e 

f o r t h e
 ！atter in their respective areas prepare to incorporate functions - f e e b l e 

to nuclear energy into their other obligations) 

2 t h
a t instruction in the field of nuclear energy as it relates to public healtb 

b e i n c
; M e d in training of all public health personnel in accordance with their proposée 

d u t i e s
 in this field and with their preliminary educational background in -thematics, 

physics, and the biological sciences; 

that emA^ying agencies in public health give consideration to, and 她 e 

provision for, the training of existing public health Personnel in this field! 



4. that educational institutions develop resources and facilities which m i l 

enable them to establish courses (both graduate and postgraduate), to include teaching 

by atomic scientists, and also to prepare teaching staffs of the institutions to conduct 

such courses or appropriate parts thereof; 

5. that all governmental and other agencies, and all persons concerned, recognize 

the future need for persons in the health professions (as well as in other walks of life) 

to have a certain basic, knowledge of mathematics, physics, and related subjects, and that 

they promote the improvement of teaching in these fields in all schools and universities, 

at all levels; 

6 . that TOO, in collaboration with other agencies (national or international) 

study tàô needs for and the feasibility of preparing a compendium of facts on nuclear 

energy as related to health, such a handbook to serve as a reference manual for public 

health -workers. ....' 

Note i In Annexes 工 to. V , the subject matter 

form, and the estimated extent to which each 

symbols. 

一 May be omitted• 

of the four courses is arranged in tabular 

topic should be taught is indicated by 

势 Hot íí^licable, as students should have acquired this knowledge in prior 

background. 

+ Brief mention only. 

++ Treatment of the subject in some detail. 

+++ Moderately advanced instruction, including practical work. 
+ + + +

 Advanced treatment with the addition of performance of accurate measurement in 

the field, in-service training, or experimental work.. 

The Committee recognizes that tiie subject matter outlined here represents only a part 

even a small part, of the preparation required by students in public health, and that it 

.must be studied along ndth other important subjects. Further, if the material outlined 

in Annexes I to V vrere given in the time suggested for each course, some distortions of 

time distribution might be observed. In other words, the time value of each plus mark 

in the Annexes varies from one course to another, and the Committee suggests that each 

institution or course director make the necessary modifications as required. It is clear 

that some experimentation in curriculum structure and content -will be necessary under 

varying circumstances. 



PHYSICAX PRINCIPLES 

— C o u r s e 

Material taught 一 ^ ^ ^ ^ ^ 

Orientation Introductory Advanced Specialist 

A
#
 Nature of Matter 

Structure of atom and fundamental 
particles + ++ ++ 

i 

！ 

++ + 
i 

Chemical and nuclear reactions 
compared - ++ ++ * 

一 -丁 - _ _ .i 

Atoms^ molecules, and chemical 
combination - ++ ++ . ！ 

Potentialities of nuclear energy + ++ +++ +++ 

B. Nuclear Reactions 

Physical principles of nuclear 
reactions of various types, and 
other sources of ionizing radiation 

一 

++ 
i 
i 

Neutron capture, transmutation of 
elements^ and production of radio-
isotopes - + ++ 

i 

+++ 

Heavy elements and nuclear fission + ++ ++ +++ 

Light elements and nuclear fusion - + ++ ++ 

G. Radioisotopes 

Natural radioactivity and nature of 
isotopes + ++ 

¡ 
t 

. . ^ ！ 

Laws of radioactive decay + +++ w + 

D, Associated Materials 

Use of unusual materials mm + ++ 

！ 

+++ 

Practical demonstrations ++ ++ 

For explanation of symbols, see page 31 
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. U î N E X II 

BIOLOGICAL PRINCIPLES 

^ ^ Course 

Material taught 
Orientation Introductory Advanced Specialist 

A . Conditions of Irradiation 

Absorption of ionizing radiations 
in the tissues + ++ . +++ ++++ 

Paths of absorption and metabolism 
of radioactive elements + ++ +++ ++++ 

(

 Biological dosimetry j + ++ +++ ++十+ 

B* Biological Effects 

On living cells 
j ++ +++ 

On entire organs or organisms 
(somatic effects) + ++ +++ ++++ 

Genetic effects •M + ++ + + + 

Ecology + + ++ + + + 

_C. Mechanism of Biological Action of 
, Ionizing Radiation 

• Primary effects ++ +++ +++ 

Pathogenesis of secondary effects - •at ++ +++ 

D . Protection and Internal Decontam-
ination 

Chemical or biological protection + ++ +++ 

Internal de contamination + ++ +++ 

For explanation of symbols, see page 31 



AITLXCAriOIíS Ci-' M O L L A H ЁйьхЖ AL'D RADIATION 

“ Course 

Material taught 

Orientation Introductory Advanced Specialist 

А
э
 Irradiation Sources 

Production of X-rays + ++ +++ +++ 

Reactors and their auxiliary 
facilities + ++ +++ ++++ 

Nuclear accelerators - ++ +++ 
4 

В
э
 Isotopes 

Medical, industrial, agricultural, 
and meteorological applications 
of isotope s + ++ +++ 

1 

++++ 

Practical work using isotopes (or 
demonstration) - +++ ++++ 

Tagging of specific organic 
compounds with radioactive 
materials - _ ++ ++++ 

C, Measurement 

Techniques of measurement used in 
applications of nuclear energy •an + ++ 

4 
+++ ^ 

Do Special Problems 

Problems of preservation of food 
and pharmaceuticals with 
radiation шт + ++ +++ 

Chemical reactions induced by 
radiation - - ++ ++++ 

For explanation of symbols, see page 51 



RADIATION HAZARDS 

^ ^ - C o u r s e ( 

Material taught " “ - ^ 

)rientation Introductory Advanced Specialist 

A , Source of hazards . 1 

X-rays 

Medical Radium and isotopes 
Tracers 

+ + 

mm 

+ . 
+ 
+ + + + 

+十+ 

+++ 
+++ 
+++ 

Reactors 

Industrial Mines 
Industrial appliances ¡ 

+ 
+ 

++ 
+ 
+ 

+++ 
-и-
++ 

+++ 
+++ 

+十+ 

Others + + +++ ++++ 

Site selection - •f ++++ 

У丨'
1 

В, Epidemiology of Hazards 

Occurrence of contamination + ++ +++ ++++ 

Transportj storage j waste occupational 
and non-occupational + ++ +++ +++ 

General quantitative evaluation - + +++ + + + 

G. Numerical Data 

Measurement of hazards + ++ +++ + + +-Г 

Permissible dose; thresholdj 
over-exposure + ++ + + + + + + + 

Personnel and environment monitoring + + + + 

^D. Goramunity Implications 

, Public health aspects ++ +++ ++++ 

Legislation - + 

Registration of hazards 一 

+ +4 +++ 

E . Industrial Personnel 
Pre-employment examinations “ + ++ +++ 

Restrictions for special groups — ++-Î-
-4 

Periodic examinations; general and for 
early detection, of radiation disease + ++ +++ 

i ‘ . +++ 

F. Radiation Diseases 
Acutej delayed; genetic effects + ++ 

Pathology and pathogenesis - + +十+ +十 + + 

Diagnosis and therapy - - + + + ++++ 

Experimental data and research 秦 

• III Щ 
+ ++ +++ 

Go Problems of Organization mm + +++ 
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RADIATION PROTECTION 

Course 

' M a t e r i a l taught 

Orientation Introductory Advanced Special! 

Principles of Radiation Protection 
Distance, time, containment^ shielding, 

remote handling + ++ +++ 
Instruments used in protection + ++ +++ ++++ 
Maximum permissible levels + ++ +++ ++++ 

B
#
 Administrative Aspects 

Procedures used in assessing permissible 
levels + +++ +++ 

Protection discipline and personal 
protective procedure ’ + +++ +++ 

Legislation, licensing, and inspection 
一 

++ +++ +++ 
Codes of practice • • ++ +++ 

C» Preventive Aspects 

Site selection for nuclear establishments + + +++ ++++ 
Design of plants， and laboratories for 

safety- mm +十 +++ ++++ 
Safe packaging and transport of radio-

activa materials + ++ +++ 

Notices and labelling + +++ +++ 芥 

De contamination of surfaces, clothing, 
and skin + ++ +++ 

^ i 
D

e
 Medical Aspects 

Management of contaminated wounds + ++ +++ +++ i 

Treatment of internal contamination + ++ +++ +++ 

Monitoring of excretions and total body-
counters + ++ +++ + + + 

E醪 Coraraunity Protection 

Waste processing mm ++ +++ ++++ 
Waste disposal methods + ++ ++++ 

Pre- and post- treatment of reactor 
coolants 

一 
+ ++ 十++ 

F . Special Problems 

Protection against chemicals used in 
nuclear energy industry- ++ +++ ++++ 

Problems in mines mm + + 丨 +++ +++ 

For explanation of symbols, see page Д 



ANNEX VI 

DIAGNOSTIC AND THEMPEUTIC USES 

131 
The diagnostic value of radioactive iodine (I 乂 ) for determining metabolic activity 

of the thyroid and the presence of thyroid cancer, is well documented. Radioactive 

phosphorus (P^
2

). is used for localizing neoplastic tumours and radioactive sodium (Na ) 

for blood volume measurements, circulation time, and other aspects of cardiac functions. 

In the diagnostic uses of radioisotopes it is essential that no harmful concentration 

of isotopes occurt This is particularly true for those isotopes of long biological half-

life and high ionization energy. 

The therapeutic use of radioisotopes as an internal source of radiation is valuable 

in those instances "where selective concentration of the radioisotopes may be taken‘ 

advantage of and where the biological half-life is short, either due to rapid loss of 

radioactivity or rapid elimination of the substance. 
oo 

Radioactive phosphorus (P ) was the first isotope.to be used internally in therapy 

of certain blood diseases - leukemia, polycythemia, etc. - its advantages being based 

upon its convenient half-life of 14.3 days, its concentration in rapidly growing cells, 

and the great radio-sensitivity of leukemic cells. Experience has shown that.it has no 

advantage over other types of radiation nor over antileukemic chemical agents. It is 

now used chiefly when other conventional methods have proved ineffective. 

Radioactive colloidal gold ( A u
1 9 8

) has been utilized by direct injection into a 

tumour to bring about a local regression^ and by an intraçavity injection to retard the 

growth of tumour metastases and formation of excess fluid. It has also been used 

recently for treatment of liver cancer, either of primary or secondary origin. By 

intravenous application about 80 per cent, of colloidal particles of gold concentrate in 

liver tissue and may thus act therapeutically. Colloidal preparations in radioisotopes, 

particularly P"^
2

, have been used to treat various malignant conditions. 

One of the main isotopes used as an external source of radiation is cobalt-60, often 

a convenient substitute for radium in multicurie quantities. The chief advantages of 

radiocobalt are its availability in large quantities at low cost, its high specific 



activity, and stability of radiation field. Its half-life (5-3 years) is long enough 

for practical uses.
 ( 

Cesium-137 has considerable interest as an external source of radiation at lower 

voltage,producing softer gamma-rays than those of cobalt. Longer half-life (33 years) 

is also one of its advantages. 

, Strontium-90 also provides a useful external source of fairly intense beta emission 

for superficial therapy, penetrating up to 3 mm of the tissue. 

In addition, neutron activation of certain substances within tissues has been used • 

to intensify a radiation effect. For example, boron 10 introduced into cells may be 

activated by an external neutron beam with the release of alpha particles of high energy. 

This effect may be used for the treatment of brain tumours (neutron capture therapy of 

cancer). Such a procedure is still in an experimental stage, but seems to show promise 

for future results. 



ш т v u 

PRESERVATION OF FOOD AND STERILIZATION OF EQUIPMENT 

Recent research studies may be summarized briefly as follows : 

(a) all types of foods may be sterilized by cathode rays (electrons), 

regardless of the species or number of the contaminating organisms 

contained therein; 

(b) organisms react differently to ionizing radiations, some being much 

more radioresistant than others； 

(c) all foods sterilized by radiation exhibited changes in flavour, colour, 

odour, or texture, with some affected mare than others; 

(d) degrees of radioresistance have also been demonstrated for certain 

drugs and pharmaceuticals, for example, penicillin being very resistant, 

and insulin relatively radiosensitive; 

(e) enzymes are radioresistant in situ and very sensitive in pure dilute 

solutions; 

(f) food nutrients, such as vitamins and amino acids, are affected by-

ionizing radiations, being more resistant in food materials than in pure 

solutions. 

In some instances through the use of specific chemical additives such as ascorbic 

acid, it has been possible to reduce radiation damage to foods. Other techniques, such 

as irradiation at low temperatures and low oxygen tension, are being evalùated since 

they have been shown to reduce radiation sensitivity. In the case of milk, which is 

very radiosensitive, it has been found that off-flavour changes occur shortly (about 

30 seconds) after initiation of radiation, and a scheme has been developed by which 

milk is irradiated concurrently with vacuum distillation at low temperatures. One 

primary advantage of food preservation by irradiation is that shelf-life of many food 

products is thus materially increased. 



Of major concern from the vieiwpoint of the public health official may be such 

problems as : 

(a) the effect of irradiated foods upon the health of the general population^ 

including toxic effects, if any; 

(b) the development of an analytical test, comparable to the phosphatase 

test for determining adequacy of pasteurization of milk, to indicate the 

fact that adequate radiation has been provided; 

(c) whether there is an increased tendency for food to spoil more rapidly, 

following subsequent exposure to bacterial infection, because of the 

destruction of protective factors affected by irradiation. 

Some specific applications beyond direct food preservation include the destruction 

of specific organisms responsible for food spoilage without enzyme inactivation; 

destruction of insects in grain and grain products； sterilization of bandages, sutures, 

and other small surgical products； destruction of Salmonella organisms in dried eggs； 

sterilization of antibiotics, etc. Further study is necessary to determine the 

feasibility and applicability of these uses of radiation. 



AMEX.VIII 

PROTECTION FROM MEDICAL USES 

Provisions should be made for community licensing of institutions using radio-

isotopes . T h e granting of a licence would require that certain public health regulations 

are followed with respect to design of clinics and laboratories where the materials will 

be stored and used. The qualifications of persons responsible for receiving, handling, 

and disposing of these materials should also be specified, and proper instruments should 

be available. 

A system should be evolved for the control of radioactive materials shipped from 

their source to the institution using them. Public health officers, national and local, 

should be informed of shipments and of the relevant quantitative specifications. The 

local health officer may then keep a register of these substances in his jurisdiction 

and would be in a position to know what potential hazards may exist at any period. 

The hospital administrator should institute controls over the use and disposal of 

radioactive substances by maintaining 9 register or stock supply record. The patients 

receiving isotopes internally should be known (and identified by labelling of beds) so 

that their status can be assessed at a particular time. In the case of death of a patient 

to whom radioactive materials had been given, these records will help in a medical 

evaluation of hazards attendant upon funeral arrangements, and will point out the need 

for special precautions to be taken by the pathologist and others who will be in contact 

with the body. 

The protection of hospital staff should be regulated in accordance with the degree 

of potential exposure and hazards. Details are considered in general to be similar to 

those given in Annex IX - Protection from industrial uses, but the following are examples 

of types of care which may be needed in a department where radioiodine is used, both 

diagnostically and therapeutically. 

‘Patients may be grouped in a ward provided the beds are not less than six fBe-t 

apart. Nurses and other attendants irnst observe special precautions. They must wear 

filra badges and have regular counts over their own thyroids, though neither is likely to 



give a measurable count. The hands should not be exposed for more than very short period 

to the patient
1

 s neck' (ar. other active part) when performing nursing duties^ including 

washing. The precautions as to.proximity，, necessary for the staff, are not necessarily 

required for visitors to a ward、. 

There is' a possibility of contaminating hands by contact with saliva, sweat> or 

urine. “ Gloves, should be used for „.handling. urine bottles and bed,pans，and in washing 

.patients dwclrg the first few days after я therapeutic dose
f
. Special arrangements must 

be- made for storing urine., "while awaiting radiological decay. 

When excretion measurements are required, the hazard to attendants should be 

minimized by making counts of the urine in quantity rather than in removed samples, and 

by retaining the bottle contents until a low activity is reached. The quantities to be 

allowed to reach the drains ôf the institution are regulated by the total flovr of water 

reaching the main drain. 

It has been suggested that those newly undertaking such work should know such 

details as: 

"The M.P. (maximum permissible) daily dose of 0.05 rad. would be 
received in about 20 seconds by any* part of the body placed within three 
inches of a single 150 mC dose of I ^ as ready for injection." 

"The M.P, weekly skin dose of 1.5 rad. could be given in one second 
by an unnoticed drop of a 20 mC/ml stock solution even through a thin 
rubber glove V" 

131 M

The M.P. body burden of 0.6 mC of I would be reached by-
accidental ingestion of 0.00035 ml of such a stock solution." 

These are examples of instructions for the staff of a hospital using isotopes, and 

suitable instructions of a similar character should be provided for other institutions 

using radioactive materials as well. In the case of public health laboratories厂 special 

premises and procedures should be established for the reception of radioactive specimens, 

as well as for their handling, examination， and disposal. (See Annex IX， part 3， for 

further details. 
* . 

The use of radioisotopes by other agencies (agriculture, industry, research 

institutions, universities, etc.) should be considered as subject to public health 

controls similar to that outlined for hospitals, with provisions made in each case for 

protection of the staff and general population. 



ANN3X П 
« 

PROTECTION FROM INDUSTRIAL USES* 

1. General Measures 

A. Personnel 

The number of people exposed during working time should be kept to a minimum. 

Regular change of duty of exposed workers is advisable. 

Exposure of young persons and women in the reproductive age should be avoided, when 

possible. 

.Health and safety education of personnel should be realistic, without exaggeration. 

Special regulations concerning working hours, holidays and transfer to Tinexposed 

working conditions should depend on the level of exposure. 

Regular periodical (at least yearly) general medical examination of all exposed 

workers is necessary. Data should be collected in comprehensive health records, 

containing the medical and the radiation exposure history. 

B. Working conditions 

Planning of work with ionizing radiation should be submitted to the industrial 

physician, among others, for his opinion and advice. As in other ргоЫетз relating to 

safe Tworking conditions, preventive measures are of the utmost importance. 

Where ionizing radiation is used, special attention should be given to a high 

standard of general safety, hygiene, cleanliness, and discipline. 

Radiation control of processes and techniques is the responsibility of the technical 

staff (engineering department, health physics department) but close co-operation between 

them and the occupational health department is necessary. 

*
 T
he material in this Annex is not intended to be a code of practice, but rather 

an explanation to public health workers of the type of regulations which may be made in 
industry. For further details, reference should be made to the "Recommendations of the 
International Commission on Radiological Protection" and the "International labour Office 
Model Code of Safety Regulations for Industrial Establishments for the Guidance of . 
Governments and Industry". 



Special instructions for the construction of floors, tables, ventilation systems, 

and cleaning procedures are necessary. 

C. Storage and transport of radioactive material 

Safe handling on receiving and storing radioactive materials is the responsibility 

of the technical staff, but certain follow-up must be done by the occupational health 

department. Special instructions are needed to cover all phases of transport and 

storage from the moment of production to final disposal. 

D . Waste disposal 

There should be control of.liquid, gaseous, and solid wastes, as well as of the 

environment outside the factory. 

Washing facilities for personnel, clothing, and equipment should be provided. 

2. Special Measures 

A. Personnel 

Personnel instructions: smoking and ingestion of foods in rooms in vrtiich ingestible 

radioactive material is present should be prohibited; instructions for entering and 

leaving the room and instructions for decontamination, washing, changing of clothes, etc. 

^ e n leaving the room, should be promulgated; control of radiation of hands and feet 

(hand and foot monitoring) should receive routine attention. 

ü s e
 of personal protective facilities, i.e. clothing, shoes, masks, and goggles 

should be insisted upon where levels of exposure demand such precautions. 

Procedures should be established for health examinations (in cases where exposure 

i s o v e r
 50 per cent, of M.P.D.)； pre-employment examinations including bloodcounts and 

eye examination; examinations for radioactive material in urine, expired air, and 

faeces, when the applicant's history shows relevant exposure; examinations for early 

symptoms of radiation disease (e.g. blood, eye, photography of fingerprints). 

Measurement and registration of individual exposure, i.e. film badge service, 

ionization chambers, electrometers, should be made routinely. 

Medical treatment should be available, as for exanç>le: handling contaminated cuts 

a n d
 rounds; first aid in overexposures; on ingestion or inspiration of radioactive 

material; and treatment of radiation victims. 
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The kinds and degree of protective measures must, of course, be related to the 

radiation hazards involved. 

B. Working conditions 

Procedures should be established for: detection and measuring of radiation 

conditions; monitoring and registration of results; special control of radiation 

(shielding, remote control, glove boxes, etc.); prevention of ingestion and inhalation; 

cleaning instructions (woi-kroom ventilation system)5 decontamination; reconstruction 

of accidental conditions of overdosage. 

I 
并 * 并 

It is expected that industrial use .of ionizing radiation as a rule will not be 

accompanied by " s ami-hot" or ,"hot" working conditions. For these exceptional conditions, 

present in atoirdc energy centres, special rules of protection must be established. 

3. Handling of Isotopes 

There mast be no undue exposure of paï-ts of the body of the operator to a radiation 

source, whether as stock solution, as measured dose, as dose in the patient, or in excreta. 

Preparatioin oí doses requires special bench arrangements based on distance, safety 

factors and shielding. The area of bench employed must be limited by some such means 

as Lucite or Perspex sheets and shielded by lead blocks. There should be an extractor 

lood over the area, and the operator must be properly gloved. 

, A convenient method of manipulating flasks in lead pots is to have a turntable, 

operated from outside. Pipettes and a micro-burette are suspended in a concentric ring 

above the f l a ^ s , and can be raised or lowered by an external handgrip. Their content 

may then be controlled by syringes at bench level outside the shielding. A convenient 

trolley at the back can be operated to remove the doses to the outside of the shielded 

area into the treatment room. 

In formulating regulations for handling isotopes, а пшйэег of points should be 

considered, as outlined below, in addition to the strict fixing of responsibility for 

all operations : 



A. Personnel monitoring 

Pre-employment and periodic examinations； biological methods (blood counts, urine 

analysis); physical methods； accurate record keeping. 

B. Site monitoring (aim being always to reduce the level in any area) 

Instruction in the use of film badges, ionization chambers, geiger and 

scintillation counters; permissible levels, basic tolerance, relative biological 

effectiveness, relative toxicity, levels in air and water； occupational exposure； 

dose-rate, methods of protection; shielding for beta-particles, Bremsstrahlung, gamma 

rays, beam-geometry, scattering. 

C. Control of contamination in beta-gamma laboratories 

Design (classes and grades). 

Mechanism and functioning of health physics instruments； operating techniques. 

Cleanliness. 

Emergencies. 

Decontamination. 



АМНЕХ X 

DISPOSAL OF RADIOACTIVE WASTES 

1, Gaseous or airborne particulate wastes vary greatly with their origins, such as, 

for exajiç>le î particles of radioactive material originating from failure of a fuel 

element in an air-cooled reactori particulates and iodine from fuel processing plants; 

and particulates from plutonium fabrication facilities. Many of the problems of radio-

active air pollution have been solved through the development and use of special high-

efficiency filters and iodine removal units. 

Air used, as a coolant for a reactor is prefiltered to remove particulates which 

would, becoias radioactive when irradiated. High-efficiency filters of glass or Kraft 

paper and absestos are also used to remove radioactive particulates from gas that has 

passed through a reactor. Short-lived radioactive isotopes of gases, such as iodine, 

in the waste streams from chemical processing plants сал be released to the atmosphere 

through dilution from a tall stack under favourable meteorological conditions. 

2. Solid wastes may be combustible or non-combustible. 

The combustible variety are generally disposed of by incineration, whereby the 

radioactivity may escape in the gas or remain in the ash. i 

32 

Studies to evaluate the effect of incineration waste materials containing P , 

Sr
8

^, and I
1

〕
1

 in an institutional incinerator shov/ that of the P^
2

 charged into the . 

incinerator, about 12 per cent.- was retained on the stack wall and 2 per cent, was 
‘ go 

rûcovorod from the stack gas; of the Sr , 9 per cent, was retained on the wall and 
1*31 

1 per cent, recovered in the gasi while of the I , about 11 per cent, was deposited 

on the wall and 80 per cent, escaped in the gas, .Ash activity was assumed to be the 

balance of the charge not otherwise accounted for. 

Non-combustible materials, such as radioactive machine turnings or contaminated 

equipment, are usually packaged for burial or ocean disposal. In the case of the 

former, the physical factors affecting the choice of a particular site are topograph 

a,nd geology, surface and .ground water hydrology, meteorology, soil conditions, and 

transportation facilities. The question of how soon the burial site will be required 

for another purposes must also be considered. 



3. Liquid waste management will be considered under three arbitrary headings : low, 

intermediatej and high level wastes. Low level wastes are those which, if 

decontaminated by a factor of 100 or 1000, would approach permissible limits for human 

exposure. The range of their activity would be from 10 to 10 micro curie s per 

milliliter. High level wastes are those requiring shielding to protect persons 

handling them from exposm-e to damaging radiation and may contain 100 or more curies 

per liter. They are generally associated with the chemical processing of the nuclear 

fuel for the recovery of the fissionable materials. . Intermediate wastes also require 

shielding and. must Ъе handled with considerable care. They may be the high level 

wastes which have lost a considerable fraction of their activity as a result of decay, 

the residual wastes following recovery or separation of tho strontium or cesium 

isotopes, the wastes resulting from pilot plant operation, or lower level wastes that 

.may have been concentrated by evaporation. 

Low level wastes are those most frequently encountered at the present time, at 

least insofar as release into the environment is concerned. They may be contained 

in the residues following the recovery of uranium ore, in natural waters used as 

reactor coolants, and in wastes produced in any laboratory where radioactive materials 

are used. The most common method of disposal, particularly by users of radioactive 

isotopes, is to discharge these materials iato the sewer. Although this practice does 

not аргплг to be objectionable at present levels of activity, it may become necessary 

for public health authorities to maintain vigilance oyer the quantities of radioactive 

materials discharged as the use of radioisotopes increases. 

In the past, storage was used for the retention of all liquid radioactive wastes 

containing appreciable quantities of radioactive materials. More recently, consider-

ation has been given to the release of radioactive materials into the ground and into 

the oceans. If this can be accomplished without hazard tp the environment, the cost 

of waste treatment and disposal may be materially reduced. In the use of the ground, 

as will be defined more specifically under high level wastes, one must always be 

certain that the amount of radioactive material transmitted to the ground water will 

be at such a level that the maximum permissible concentration levels will not be 

exceeded in its uso as a source of water supply. Furthermore, it must be remembered 

that once radioactive materials are introduced into the ground, control of them has 

been lost. With the exception of some low level wastes, few radioactive materials 

are discharged directly into the oceans, generally in packaged form. The radioactive 



materials (in the form of evaporator concentrates^ precipitated and dewatered sludges, 

etc%) are mixed with concrete directly or placed in previously prepared concrete-

shielded cylinders, and then shipped out to sea for disposal. 

High level wastes originate principally from the chemical processing of spent 

fuel for the recovery of the fissionable material. Associated with the irradiated 

fuel is the entire spectrum of fission products which occurs when the uranium atoms 

are split• The fission products must be separated from the fuel to permit further 

processing or re-use of the fuel in the reactor. Following removal from the reactor, 

the irradiated fuels are generally stored under water for periods of from 90 to 120 

to permit decay of the short—lived fission products• The problems of handling 

and disposing of the product are intensified when shortened storage periods are 

employed. 

After decay, the fuel material is processed. The processing varies depending on 

whether the fuels carae from a heterogeneous or a homogeneous fuel reactor and on the 

materials used in the construction of the fuel element. The separation processes that 

are being utilized or are under study include precipitation, ion exchange
3
 fractional 

distillation^ solvent extraction, high temperature processing ( v o l a t i l i t y a n d pyro-

processing. Typical reactor-fuel processing wastes contain the fission products, 

some unrecovered fissionable material^ and the various acids and salts required for 

dissolution of the material. These wastes, which are highly acid, may be stored in 

stainless steel tanks or they may be neutralized and stored in mild steel lined 

concrete tanks. Tank storage is tho method presently employed at all atomic plants 

for the disposal of high level waste s • It is sometimes necessary to provide cooling 

facilities for these waste solutions. Thus far "bhcro has boon over a docadc of 

experience with such tanks without any catastrophic results. However, the storage 

facilities have been located in relatively isolated or remote areas, and when nuclear 

power reactors are located close to large centres of population, additional protective 

measures will no doubt be indicated, 

90 137 

The quantitative removal of Sr and Cs and other metals from the wastes
д
 and 

separate storage of the residual activity has been suggested, since it permits 

consideration of shorter storage periods (about 20 years). By such separation of tho 
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wastes less storage space will have to be provided for the more hazardous isotopes, 

less elaborate storage may be required for the bulk of the wastes, recovery of valuable 

metals may' be enhanced, self-boiling of the wastes will not take place, and there will 

be no need to provide special cooling facilities. Other techniques for concentration 

before storage include use of the fluidized bed technique or calcining technique which 

converts the waste to anhydrous free-flowing melts. Many other techniques including 

ion exchange in combination with other processes have been suggested. 

Fission products may be passed through clay columns, adsorbed thereon, and fixed 

by heating at approximately 1000° C. This method has been extended to high level 

waste handling by kiln-drying the wastes to form an aluminium oxide, leaching to remove 

the soluble constituents, adsorption of these on clay, and fixing on clay by heat 

treatment. Various other modifications, including the use of indigenous shales, added 

fluxes, utilization of the heat of decay for fixation, etc., are under investigation* 

The synthesis of aluminium silicates which metamorphose to feldspars with alkali, or 

alkaline earth oxides, has been proposed for the removal of strontium and cesium. 

Several types of glass have been formed for fixing the activity in prepatration for 

disposal. 

The general typos of formations useful for ground disposal include : 

(a) sandy, relatively permeable formations; 

(b) -permeable cavernous formations j 

(c) jointed or otherwise fractured rocks; 

(d) relatively impermeable shales; 

(e) deposits of salines - rock salt or gypsum. 

The factors which mast be evaluated, in considering the feasibility of disposal 

of high level radioactive wastes into the ground include : 

(a) the chemical and radiochemical content of the wastej 

(b) the effectiveness of retention of the radioisotopes in the available soil 

column above the ground water table； 

(c) the dogroo of permanence of such retention, as influenced by subsequent 

diffusion, loaching by natural forces, and additional disposal} 



(d) the natural rate and direction of movement 

disposal site to public waterways, and possible 

from the overall liquid disposal practices； 

(e) feasibility of control of access to ground 

(f) additional retention, if any, on sands and 

water travel patternj 

(g) dilution of the ground water upon entering 

(h) maximum permissible concentrations of the radio-elements in those public 
waters concerned; 

(i) the temperature and pressure effects resulting from the heat of decay5 

(j) the effect of waste discharges on present or potential mineral wealth of 

the region. 

High level wastes are not discharged into the ground or into the ocean in any 

location at the present time, as currents may disturb disposal plans by affecting 

concentrations in biological systems (fish, algae, etc.). Mixing, either desired 

or Tindesired, will play a major role in defining suitable disposal areas, if such exist 

Not all wastes produced by the nuclear energy industry are radioactive. Where 

acid dissolution of partially spent fuel materials is practised, large quantities of 

nitrate wastes will result. Liquid wastes from the production of hafnium-free 

zirconium contain 1.8 pounds of ammonia per pound of zirconium produced along with 

trace amounts of cyanides, thiocyanates, sulfates, and chlorides. Large quantities 

of fluoride-containing wastes are produced in the uranium and thorium refining and 

reduction operations. 

of the ground water from the 

changes in the characteristics 

water in the affected region； 

gravels in the expected ground 

public waters j 



TECHNICAL TERMS 

The following are simplified but reasonably precise explanations of technical 

terms used. For more accurate information the reader is referred to textbooks of 

physics, or, for certain definitions, to the Recommendations of the International 

Commission on Radiological Units and Measurements. 

ALPHA PARTICLE 

ANTINEUTRON 

ANTI-PROTON 

ATOMIC ENERGY 

BETA PARTICLE 

BREMSSTRAHLUNG 

GOSKEG RAYS 

CRITICALITY 

A particle consisting of the nucleus of a helium atomj 
it has a double positive charge, and its passage through 
matter causes ionizationj it is emitted by some radio-
active atomic nuclei. 

Two types of short-lived particles recently discovered 
by using high energy "atom splitting" machines. 

The energy released with the splitting (fission) of 
nuclei of heavy atoms, as in a nuclear reactor, or with 
the merging (fusion) of the nuclei of light elements to 
form heavier elements j better called nuclear energy. 

A high speed electron originating from a nuclear process. 

Secondary rays produced when the stream of electrons 
composing beta rays is stopped by matterj similar to 
X-radiation, 

Very penetrating ionizing radiation received from 

outer space. 

When uranium or other nuclear fuel is added to a nuclear 
reactor or similar system, the system eventually reaches 
"criticality", a condition when a sustained nuclear 
reaction is just produced - i.e. when the atoms continue 
to be split without stimulus from outside the system. 
Experiments to determine the exact amount of uranium 
needed to be added in any particular system to produce 
such a chain reaction are called criticality experiments, 

Curie A unit of radioactivity defined as the quantity of any-
radioactive nuclide in which the number of disintegrations 
per second is 3.7 x 1 0

1 0

. This is approximately the 
number of atomic disintegrations per second occurring 
in one gram of radium. Millicurie (me) and. microcurie 
(цс) are also used for a thousandth and a millionth 
part of a curie respectively. 
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DECAÏ, RADIOACTIVE Аду radioactive substance, such as radium or an 
artificially produced radioisotope, changes at a 
characteristic rate by radioactive decay to another 
element with emission of radiation; in the case of ‘ 
radium the decay is to radon, and then through a series 
of other radioactive substances to stable lead. 

ELECTRON One of the elementary particles of matter j it bears a 
negative charge. According to the classical .picture, an 
atom is made up of electrons circulating in brbits about 
the positively charged nucleus. A flow of electrons along 
a conductor constitutes an electric current. When emitted 
from a nucleus during radioactive decay the electron is 
known as a beta particle, 

FISSION 

FUSION 

GEIGER-COUNTER 
(G-M Counter) 

GEOMETRY 

HALF-LIFE 

The splitting of an atom of a heavy element with the 
liberation of atomic energy and the formation of two or mere 
particles composed of medium weight elements. These 
fission products are usually radioactive and may have to 
be disposed of as radioactive waste, 

The merging of tw。 light elements, such as hydrogen, Ъэ 
form a heavier element with the release of energy (the 
source of energy in the "H-bomb"), 

One of the devices for measuring radiation and radio-
activity. 

A radioactive source emits particles or rays in all 
directions, but a counter used to measure the particles 
or rays has usually a limited sensitive surface or 
volume and therefore only registers a proportion of the 
radiation emitted, This factor in measurement is known 
as the geometry of the system. 

A measure of the rate of radioactive decay, i.e. the 
time taken for the amount of a radioactive sübstance 
to decrease to half its initial value. 

ION 

IONIZATION CHAMBER 

An atom or group of atoms having a charge of positive 
or negative electricity, 

A device consisting of an enclosed or defined volume of 
gas between electrodes, which may be charged or 
connected to a voltage source to produce an electric 
field throughout the volumej it is intended for use 
in measuring quantity of ionizing radiation in terms 
of the electric charge associated with ions produced 
in the volume. 



IONIZING RADIATION Rays producing ions in their paths5 usually refers to 
X-rays or "atomic radiation" from radioactive substances 

ISOTOPE. One of several nuclides having the same number of 
一—’ protons in their nuclei and hence being the same element 

and occupying the same position in the periodic table, 
. but differing in the number of neutrons and therefore 

in mass number or in energy content, 

MESON A medium-sized particle involved in the structure of 
the atomic nucleus. 

MICROCimiE 

• - L E T H A L DOSE 

MILLICURIE 

MONITORING 

MUTATION 

NEUTRON 

ОТСШШ 

NUCLEAR ENERGY 

NUCLEAR REA.GT0R 

PROTON 

RAD 

(see CURIE) 

The dose of ionizing radiation which will kill 50^ of 
organisms or animals exposed. 

(see CURIE) 

Looking, with suitable detection instnments, for the 
presence of radioactivity, e.g. as contaminationj 
measuring the level of radioactivity on a surface, in 
a liquid, in the air, etc, 

A change in the genetic constitution of a cell or 
individual unaccounted for by the contribution of the 
father and mother. 

A fundamental atomic particle with mass but no charge5 
one of the "bricks" forming the nucleus of an atom. 
When released from atoms as in a nuclear reactor, 
neutrons form one of the types of ionizing radiation. 

Pertaining to the nucleus of an atom. 

(see ATOMIC ENERGY) 

A mechanism in which uranium or similar fuel is placed 
to cause the atoms to undergo the process of nuclear 
fission by means of a chain reaction. The fission 
produces radiation of various kinds and also heat^ the 
former is used particularly for experimental purposes 
and the latter for production of power. 

One of the elementary particles of matter; it bears 
a positive charge» The nucleus of a hydrogen atom is 
a single proton, 

A unit of radiation dose in terms of the amount of 
energy absorbed per gram of tissue or other form of 
matter; It is roughly equivalent to the roentgen for 
X-rays, A RAD is that quantity of radiation associated 
with the absorption of 100 ergs of energy per gram of 
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RADIOACTIVE 

RADIOISOTOPE 

RADIONUCLIDE 

RBE 

REA.CTOR 

REM 

BOENTGEN (г) 

SCINTILLATION COUNTER 

Describing substances^ like radium or artificially 
produced radioisotopes, which undergo radioactive decay, 
and which emit ionizing radiations. 

Any radioactive isotope of an element and a synonym for 

radionuclide,, 

A radioactive nuclide。 

The Relative Biological Effectiveness of an ionizing 
radiation as compared to X-rays. If one RAD of a 
certain radiation produces the same biological effect 
as two RAD of X-rays the RBE of the radiation would 
be 2。 

(see NUCLEAR REACTOR) 

Short for Roentgen Equivalent Marij a measurement of 
ionizing radiation in terms of its biological effect. 
One REM of any ionizing ndiation is understood, to be 
biologically equivalent to one roentgen of X-rays. A 
useful unit on some occasions since some radiations are 
more effective than others in their actions on living 
tissue. 

A unit of measurement of ionizing radiation, properly 
only of X and gamma radiation. Its definition is : the 
quantity of X or gamma radiation such that the associated 
corpuscular emission per 0.001293 grams of air produces^ in 
air, ions carrying one ES"J of electricity of either sign. 

A measuring device for radiation and radioactivity. 
Ionizing rays will produce small flashes of light 
(scintillations) when they come in contact with suitable 
substances (phosphors). The amount of light so produced 
may then be measured electronically. 


