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1. INTïЮDUC TI ON 

Ian is exposed to ionizing radiations from natural sources and from artificial 

sources. His exposure pattern is complex; and while it can be described in 

physical terms, it is very difficult to draw firm conclusions as to what the detailed 

biological significance of all the various components may be, particularly in the 

low dose range. One of the obvious ways to attempt an assessment would be to compare 

the exposure from artificial sources to the natural eхp sure which man has experienced 

for thousands of years, and especially to the range over which this natural radiation 

mamallу varies Such a :�ca epsxison would be relevant tt t ¢ е tent that the 

radiation from artificial sources and from natural sources are _f the same quality, 

and the doses given in similar time patterns. In this connexion it should be noted 

that mants natural exposure includes radiation with a wide variety of components such 

as heavy particle cosmic rays, external gamma.- radiation, and alpha -radiation from 

the normal radium burden of the body. It does not seem likely therefore that 

radiation from artificial sources, b e':,ause of its quality as such, would cause new 

types of biological effect. The 2uantity cf radiation can be measured; and the 

various compcnents can be compared provided that one can make valid assumptions on 

the relation between radiation dose and biological effect. It is in these assumptions 

that our knowledge at present is incomplete and why a meaningful survey of radiation 

sources can, as yet, only be based upon their physical characteristics and intensities 

rather than upon their possible biological significance. 

With regard to a few charac:.eristics, artificial sources of radiation have 

introduced new aspects. For example, natural radiation produces chronic low level 

exposure with the dose -rate varying within a rather narrow range, while the dose••rate 

from some artificial sources is much higher, even though the total doses may not be 

very different. It is only to the extent that such differences exist that the 

artificial radiation sources and the increase in the exposure of man caused thereby 

should be suspected as something regarding which our knowledge is particularly 

incomplete. Otherwise we can with some confidence draw conclusions from our 

experience of natural radiation and its variation. 
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2. BIOLOGICAL EFFECTS OF IONIZING RADIATIONS 

The exposure of living tissue to ionizing radiations whatever their source is 

characterized by the transfer of energy from the radiation to molecules of the cells, 

with possible interference with the normal functions as a result. If sufficient 

energy is dissipated, there may be cell destruction and tissue necrosis. Effects 

of such high radiation doses on human tissues are well known from experience with 

radiotherapy where the cell destruction is used as a weap_n against malignant 

neoplasms which are often more radiosensitive than normal tissues. 

Different organs and tissues of the body may have different radiosensitivities. 

Ionizing radiation given to the whole body in doses too low to result in visible 

destruction of the skin, may through direct and indirect action on more sensitive 

organs cause a combined effect that is nevertheless lethal to the organism as a 

whole (cf Table I). 

Still lower doses may not produce any observable effects within a period. 

sцfficiently short to permit conclusive correlation with the radiation exposure. 

However, by statistical observations on groups of individuals, certain late radiation 

effects can be shown to occur. There is suggestive evidence that some of these 

effects may he related to changes in the structure of DNA molecules, which in turn 

result t in changes in the function of somatic сзпз as well as of germ cells. 

If such a change is due to a direct hit in the DNA mclecule or its immediate 

environment, there may be the possibility that any one high - energy radiation quantum 

and therefore even an infinitesimal dose of ionizing radiation could produce a 

primary cell injury. Thus a DNA change might transform a normal cell into a 

malignant one (the mutation hypothesis of carcinogenesis). However, the same over- 

all effect could well result from chemical reaction between some critical cellular 

structures and free radicals that are formed by radiation in the aqueouo cellular 

environment. More complicated effects can be envisaged, where metabolic and 

physiological processes play a role. 

The biological effects whh are usually thought of in connexion with late 
radiation injury generally include genetic effects, induction of leukaemia or other 

malignancies and non- specific shortening of life -span- 
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TABLE I. EFFECTS AND SIGNIFICANCE 
0F VARIOUS RADIATION DOSES 

Dose of single exposure 
to X- or gamma - radiation 

(rads) 

Expected effect or 
Biological significance 

3 000 

3 000 

500 - 1 000 

300- boo 

300 - боа 

- 150 

25 75 

(а) PRESENT 

12 

0.1 

(a) LOCAL EXPOSURE 

(b) 

tumour dose in radiotherapy 

skin necrosis 

skin erythema 

epilation 

WHOLE BODY EXPOSURE 

50 per cent. mortality 

first risk of death from acute injury 
blood- changes but normally n^ severe 

acute injury 

INTERNATIONAL COMMISSION RADIOLOGICAL PROTECTION RECO�IENDATIONS 

(d) 

highest permissible occupational whole - 
body dose in cases of "emergency" 

highest permissible occupational whole - 
body dose at single exposures 

highest value of the weekly occupational 
whole -body dose averaged over long 
periods 

NATUiAL RADIATION 

0.002 tmnormal" weekly dose from natural 
radiation 
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The hypothesis that the induction of leukaemia in man is partly due to radiation 

exposure and is proportional to the dose has been defended by Lewis1 and in the early 

work of Court Brawn and Dolt. The linear hypothesis has been questioned by ВruesзΡ, 

Finkel` and Noies and there are indications that a curvilinear dose- effect relation 

may be more likely. (Fig. 1) 

The possib.ity of a radiation- induced acceleration of 

been discussed b y Blair , 6 
Failla and NIcClement 7 Jonesg and 

means clear at the present time Some investigators have 

span in а'хј.mаis exposed to chronic irradiation at very low 

the aging procesa has 

Sacher.9 This is by no 

reported an increased life 

dose rates 
<, 0 

It is 

proving very difficult to obtain reliable human data bearing on this question. 

With regard to genetic effects Muller 11 s]oТ еd in 192'7 that ionizing radiation 

could produce mutations as well as chromosomal structural changes, The justification 

of a linear dose- effect relation below doses of a few rads can hardly be tested 

experimentally but has been confirmed by Stern et al12 down to X -ray doses of 25 

rads in exposure of Drosophila spermatozoa. Recent work of Russell13 on mice has 

revealed a dose-rate dependence of the genetical effect, although the dose -effect 

relation seemed to be linear at both high and low dose -rates within the dose ranges 

tested. 

There is a practical barrier in the way of ever proving c:cperimentally a theory 

of direct somatic mutation effects as the cause of late injuries on humans at low 

radiation levels. It can be shown that the probability of observable effects at 

radiation levels lower than those of the natural radiation is so small that the size 

of the populations which would need to be studied to secure statistical significance 

would become prohibitively large. Another important factor is that all effects 

produced by ionizing radiation at these levels, as far as is known, also occur 

naturally, and can in addition be caused by other agents such as heat, chemicals, 

etc. All conclusions with regard to possible radiation effects on man at such 

low levels are really extrapolations relying upon observations at higher dose levels;,• 

and most often on animal experiments rather than human data. .This .intгоduсѕ a 

substantial uncertainty since, generally speaking, the lowest dosе -ratès at which 

such experiments can be carried out are orders of magnitude higher than the dose- 
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rate for natural radiation, However, the uncertainty is not "substantial" by 

comparison with what we know about other noxious agents in our environment, and 

exists only to the extent that the true risk may be smaller than the stated maximum - 

not larger. 

Also the possibility of a high capacity of recovery at the very low dose levels 

must be considered. Even if it be assumed that a mutation has made a single cell 

malignant, there is little known to support the further assumption that this cell 

would be able to reproduce and succeed in building up a malignant growth of 

significance for the well-being of the whole organism. 

For the sorts of reasons given above there is considerable uncertainty with 

regard to the relation between most possible biological effects and radiation 

exposure at low levels, expressed in physical terms. The curve relating the 

probability for occurrence of a certain injury to the radiation dose can have any 

of the shapes shown in Fig, 1, the two extreme cases being a threshold relation 

and a linear relation without a threshold, Generally speaking, the most likely 

relation lies somewhere between these extremes, with or without a threshold. The 

detailed shape of the curve might be expected to vary with effect being observed. 

з. INTERPRETATION OF PHYSICAL EХPOSURЕ LEVEZS 

The nature and present levels of exposure of -tan to ionizing radiations are 

fairly well known, as expressed in physical terms, The physical parameters that are 

needed to make a complete description of the exposure are the distribution of dose 

in time and space, and the quality of the radiation. As will be seen from the 

following, the interpretation of the data is, however, ambiguous even if great 

simplifications are made.. The unit of dose used in this report is the rad, where 

1 rad equals an energy dissipation of 100 ergs /g of the exposed tissue (1 mrad = 

0.001. rad) . 

3.1 Dose rate 

There is an extremely wide range of dose -ratea produced by various sources of 

radiation, and the possible significance of this cannot be disregarded. The natural 

á 
Dose -rate is here taken to mean dose par unit time, the actual rate of delivery 

of dose, and not the dose integrated over any arbitrary time period. 



FIGURE 1 DOSE- EFFECT RELATIONS 

DEGREE OF BIOLOGICAL EFFECT (per cent) 

100 

50 

j0 

4- 
' ј 

UNKNOWN EFFECT AT LOW DOSES 

CURVE APPROXIMATELY KNOWN FROM 

OBSERVATIONS AT HIGH DOSES 

DOSE, ARBITRARY UNITS 

EFFECT 

LINEAR RELATION / .+ 

WITHOUT THRESHOФ / 
I / •/ 

/4_#ф '% . 

-'�.‚HRESHOLD RELATIbN 

1 

"EFFECTIVE" ABSOLUTE DOSE 
THRESHOLD THRESHOLD 



А13 /Р&в /l8 

page 9 

radiation exposes the human body at a fairly constant rate. About 0.1 rad is 

received in the course of one year. Some X -ray diagnostic procedures may involve 

exposures to, say, 10 rad during a year, but at higher dose -rates; the actual 

exposures may occupy only fractions of a second. With the possible exception of 

some suggestive indication of changes in the blood- count,14,15 very little is known 

to support the assumption that, in the range of low doses, high dose -rates and low 

dose -rates produce substantially different biological effects. At high doses there 

seems to be no significant influence of the dose -rate as such, provided that the 

exposure time is not sufficiently long to provide for tissue recovery. The latter 

effect is well known in radiotherapy, see Fig. 2 (16). 

3.2 Radiation quality 

The biological effect of ionizing radiations varies with the ionization density 

of the radiation. A special weighting factor has been designed to take such variation 

into account and the weighted result is measured in the special dose unit, rem:á 

(dose expressed in rems) = RBЕ x (dose expressed in rads) 

The factor RBE (Relative Biological Effectiveness) is defined as the ratio of 

the dose of a standard radiation (usually hard X-rays or gamma -rays) to the dose of 

the radiation in question that would produce the same biological effect as the dose 

of the standard radiation, However, RBE is not only related to the radiation 

quality, but also varies with a number of factors such as type and degree of 

biological effect, dose -rate, dose fractionation, oxygen tension, pH, and temperature. 

It would not be possible to present the general exposure pattern of man in a 

simple way if doses of various radiation qualities had to be considered quite 

separately. On the other hand, the introduction of a weighting factor might be 

taken to imply such knowledge of the biological dose -effect remotion as is still 

lacking. For the purpose of this report all doses of beta -, gamma- and X- radiation 

have been assumed to be additive and to have RBЕ = 1. In radiation protection work, 

a weighting factor RBE = 10 is frequently applied for alpha -radiation although it is 

recognized that the true factor may in many cases be lower and that there are 

indications that the RBE may even be less than unity for some effects. 

á 
The letters are derived from Roentgen Equivalent Man (or mammal). 
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3. 3 Influence of biological parar.:eters 

Even if in the first approximation the. influence of dose -rate and radiation 

quality might be disregarded, there remains a.number of biological parameters so 

closely related to radiation exposure that they. can hardly be neglected when dose 

levels are being considered, For exаmple,,. -it is 'oelieved that some radiation 

injury may become apparent only many years after exposure at moderate levels; and 

the life expectancy at the time of exposure is therefore an important parameter, 

In evaluating the ge_s=t c significance of гаdiation doses., to the gonads, it is 

essential to know whether the exposed individuals ,are .1lcelу to have future children. 

In 'd_iti on to these parameters of apparent interest; there is a number of other 

biological pаrагеters such as the localization cf the dose in the body if it is not 

a wholе body exposure , the age, sex, socïologi,cal f�.ctórs; and general health status 

of the exposed indir-idu.al, . 

3,.4 Individual доге ti-erc ,5 average dose 

As i +.rg as the true dose- effeг t reia t..= on is not known it is impczs .bie to 

intеtргet a pattern of exposure with regard to the significance of moderately high 

exposures of a few individuals as compared to éxposurés at low levels of a large 

7ember of persons. If there is no t геshold and the dбse- •effect relation is linear 

through the originэ and if also all recovery с�.n' be neglected, thé average dose in 

a population as derived from properly weighted individual doses, would be the 

. relevant сnе If on the other hand there is a threshold,- tnnly a fraction it the 

exposureи can be expected to have reevance? a.r..d the - individual doses become 

dеterm n: Igo - .. 
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4. CURRENT RADIATION PROTECTION WORK 

The first international action for protection against ionizing radiations was 

taken in 1928 when a committee named the International X -ray and Radium Protection 

Committee was established during the Second International Congress of Radiology in 

Stockholm. This committee was reorganized during 1950 and its name was changed to 

the International Commission on Radiological Protection (ICRP). The members of 

the ICRP are elected according to their recognized ability in the field of radiation 

protection and related sciences without regard to their nationality. In 1956 the 

ICRP came into official relations with WHO as a "non• --governmental participating 

organization ". According to its rules, thé ICRP is charged with familiarizing 

itself with progress in the whole field of radiation protection; it prepares 

recommendations with regard to the basic principles of radiation protection,17 
-22 

but according to its policy, leaves "to the various national protection committees 

the right and the responsibility of introducing the detailed technical recommendations, 

or codes of practice best suited to the needs of their individual countries''. 

In 1955 the United Nations established the Scientific Committee on the Effects 

of Atomic Radiation (UNSCEAR) to collect and evaluate information on radiation ex- 

posure and radiation effects. The comprehensive report published by UNSCEAR in 

195823 is the most complete and thorough study that has yet been made on the exposure 

of man to ionizing radiations; and is used as the main source of reference for this 

report. The UNSCEAR has been requested by the United Nations General Assembly to 

continue its work and is preparing a second comprehensive report for publication in 

1962. 

In 1956 the UNSCEAR invited the ICRP together with the International Commission 

on Radiological Units and Measurements (ICRU ) to co- cрcrate in a study of genetically 

significant radiation exposure from medical procedures. The report submitted by 

the commissions was published in 1 
24 

mm p 9�7 and presents some advice with regard to the 

possibility of reduction of exposure by such simple means as protective devices for 

the gonads of patients undergoing radiological procedures. The systematic recording 

of the radiation received by every member of the population was not recommended. 
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In 1958 the UNSCEAR again invited the ICRP and the ICRU: 

"(a) to define the relevant parameters needed to describe any one 

exposure as fully as possible; 

(b) to consider the methods of obtaining reliable information with 

regard to these parameters and the procedures of measurement and com- 

putation, with special attention to the concept of "significant dose" 

as used in the comprehensive report of the Committee; 

(c) to survey the available information with regard to the number of 

patients undergoing different types of treatment and examination involving 

ionizing radiation, and to indicate wherever possible what are the ex- 

posures as described in the relevant parameters; 

(d) to submit to the Scientific Committee on the Effects of Atomic 

Radiation as soon as possible, and in any event before the end of 1960, 

a report upon their deliberations and conclusions on the subject (a) - (e), 

and to make any appropriate recommendations." 

At the same time WHO was invited: 

"(a) to further consider the development of suitable methodology for the 

investigation of radiation induced disease; 

(b) to examine the question of epidemiological studies of human malignant 

disease in relation to medical radiation exposure; 

(e) to take steps as may be appropriate for the stimulation and further- 

ance of such studies." 

The International Atomic Energy Agency (IAEA) has a substantial interest in 

]%,PE se- 
tnоsе aspects of radiation protection dealing with atomic energy. It has arranged 

a number of panels and several conferences on such subjects as the transport, dis- 

tribution and use of radioactive isotopes and the disposal of radioactive waste. 

The Food and Agriculture Organization of the United Nations (FAO) co- operates 

with UNSCEAR in the study of the transfer of radioactive elements from the soil 

through the food -chain. The World Meteorological Organization has given attention 

to the meteorological aspects of atomic energy and of environmental contamination. 

The special problem of the protection of workers from exposure to ionizing 

radiations has been taken up by the International Labour Office and the text of a 
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proposed international instrument in the form of a Convention supplemented by a 

Recommendation will be discussed during the 1960 International Labour Conference. 

National bodies i, several countries and regional organizations have given 

detailed attention to many aspects of the radiation problem in relation to health. 

The World Health Organization has clear responsibilities in the broad field 

of radiation health including radiation protection. In its activities emphasis 

has been given to the education and training of personnel to deal with radiation 

questions in the various countries, the collection and dissemination of information 

on such questions as health legislation dealing with ionizing radiation, assistance 

to governments in the development of national radiation health programmes, and 

attention to various technical aspects of the field such as methods of radiochemical 

analysis of use to health laboratories, medical supervision in radiation work, and 

the effects of radiation on human heredity. Material on a number of topics has 

been published 
a, b, c, d, e 

or otherwise made available. 

WHO works closely with the International Commissions on Radiological Protection 

anд on Radiological Units and Measurements. With regard to maximum permissible 

exposure levels to radiations and radioactive materials, it has looked to the ICRP 

for basic recommendations, and to the ICRU in matters of fundamental radiation units 

and questions of measurement. WHO has a joint activity with UNESCO for inter- 

national intercomparison of X -ray measurement standards and is assisting also with 

intercomparisons of radiations in the high energy range. It is anticipated that 

joint activities of this sort will likewise develop with the IAEA in relation to 

radioisotope measurement intercomparisons. 

In connexion with its intensified medical research programme, the Organization 

is giving close attention to investigations which may provide direct human data on 

the possible effects of small doses and chronic low level irradiation. It is in 

this area that information is most seriously wanting. And it is this information 

that is so badly needed for the development of soundly based radiation protection 

measures. 
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5. PRESENT RADIATION PATTERN As DESORIEEA IN PHYSICAL TERMS 

A discussion of the contributions from various sources to man's exposure to 

radiation should include consideration of a number of factors, the most important 

being: 

numbers of people exposed; 

radiation quality; 

time distribution of exposures; 

dote distribution within the body; 

range of doses to individuals; 

characteristic features of biological parameters such as child 
expectancy, life expectancy, age, sex, social factors; 

(7) average doses to the extent these might be relevant. 

5.1 Natural radiation 

Man is exposed to ionizing radiations from various natural sources: cosmic 

rays of extra -terrestrial origin; terrestrial radiation from natural radioactive 

elements in the crust of the earth and in the air; and radiation from radioisotopes 

that are normal constituents of the body. Table II shows the natural exposure 

contributions from various sources for a "normal" case. The dose to the soft 

tissues from all natural radiation sources averages about 0.1 rad per year, and 

since it is caused by a continuous exposure, the dose -rate is lower than for many 

artificial sources of radiation. 
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TABLE II. ANNUAL DOSES FROM NATURAL RADIATION 
SOURCES IN "NORMAL" REGIONS 

Source 

Annual dose (mrad) 

Gonad dose Osteocyte dose Mean marrow 
dose 

(a) Radiation with RBE arc1(1) 

External: 

Cosmic radiation 28 28 28 

Terrestrial radiation 47 
Atmospheric radiation 2 2 2 

Internal: 

Potassium -40 19 11 11 
Carbon -14 1.6 1.6 1.6 

Approximate sum 100 90 90 

(b) Radiation with RBE + 1,(2) assuming RBE = 10 for alpha-radiation (doses 
in mrem) 

Internal: 

Radon and thoron 
Radium and thorium small 

2 - 2 

38 ** small 

* 
The table is based upon the values presented in the 1958 UNSCEAR report. 

With regard to the variation of these levels, see the text. 

** 
This value has a greater inherent uncertainty than the others, of page 20. 

(1) Means approximately equal to unity 

(2) Means not equal to unity 
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The quality of the various components of natural radiation is such as makes it 

likely that the biological effects would be about the same for the same dose con- 

tributions, except for the alpha -radiation from radium and some of its daughter 
* 

-products within the body. For a number of biological effects, the alpha -radiation 

can be expected to have a higher biological effectiveness than beta- and gamma - 

radiation. This does not effect the soft tissue dose as much as the dose to the 

osteocytes of bone where the natural radium might be responsible for 30 per cent. 

of the total effect if the alpha.-radiation is given an RBЕ as high as 10. 

The level of natural radiation exposure as such does not tell anything about 

the possible biological significance of a small increment from an additional source. 

Much more informative is the fact that the natural exposure levels vary considerably 

from place to place with latitude, altitude and environment, and that population 

groups living in these various places have not shown apparent ill effects ascribable 

to the different levels. 

5.1.1 Cosmic radiation 

The maximum latitudinal variation of the cosmic ray intensity at sea level is 

about 14 per cent. The altitude variation is more apparent: the cosmic ray 

intensity at 3000 m is approximately three times the intensity at sea level, see 

Table III. 

5.1.2 Terrestrial radiation 

Variations of the terrestrial radiation from place to place owing to differences 

in soil and rock composition, are even greater than the variation of the cosmic ray 

component. The natural external radiation from the environment is partly gamma - 

radiation from radioactive elements which are still present in nature because they have 

half -lives which are comparable to the geological age of the earth, viz. К40, Th232, 

u238, and partly gamma- radiation from more short -lived daughter products of these 

Some components of the cosmic radiation might be expected to have a different 
biological effectiveness but little information on this is available. 
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TABLE III. ANNUAL DOSES TO ALL ORGANS FROM COSMIC RADIATION 
AT DirEREN'Т ALTITÚDES AND GEOMAGNETIC LATITUDES* 

Geomagnetic 
Annual-dose (mrad) at an altitude above sea level, in metres, of 

latitude 0 1000 2000 3000 4000 5000 

00 25 30 40 60 90 130 

40° 30 45 75 110 170 

60° 30 35 50 80 120 200 

* 23, 25 
The values are rough estimates based upon several sources which for 

high altitudes differ over the range of a factor of 2. The table is only intended 
to illustrate the magnitude of the altitude and latitude effects. 

** 
A value of 28 mrad is generally used to apply as a world average. 

elements (Ra228 and Ra226 and their decay products). The radioactive elements are 

usually associated with certain types of rock; acid igneous rocks carry higher 

concentrations than basalts. Shales that contain organic substances are more 

radioactive than other sedimentary rocks, and rocks with a high silicon content 

tend to contain higher concentrations of potassium, thorium and radium. 

Methods for calculation of the gamma- .radiation over rocks and soils have been 

presented by several authors. The most complete studies have been made by 

Hultgvist2ó who has developed the numerical expressions that have been used for the 

calculations of Table IV. 

Especially high terrestrial radiation exposure can be expected to occur in 

regions that are known to have rich uranium and thorium deposits. Uranium has been 

found in the United States (in brown coal deposits, petroleum beds, and the phos- 

phatic rocks of Florida), the Belgian Congo, Ontario and Saskatchewan in Canada, 

Fergana in the USSR, Czechoslovakia, and South Africa. Thorium -rich minerals have 
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been found in the United States (Rocky Mountains area and the Carolinas), in India 

(Kerala Coasts in Brazil (coastal region of Espirito Santo), and on Taiwan. 

TABLE IV. ANNUAL GONAD DOSES FROM TERRESTRIAL GAMMA 
RADIATION OVER DIFFERENT ROCKS* 

Sedimentary rocks 

Igneous rock 
Shales Sandstones Limestones 

Annual dose to the 
gonads (mrad) ** 76 60 34 15 

Fraction caused by 
radiation fromt 

Ra226 0.20 0.21 0.24 0.33 

U238 0.21 о.о8 0.14 0.35 

Th23� 0.30 0.32 0.34 0.17 

X40 0.29 08 0.27 0.15 

The values have been taken from the 1958 UNSCEAR Report but corrected by a 
factor of 063 for body shielding. 

** 
Approximately also valid for osteocytes and marrow. In Table II, a value 

of 47 mrad has been assumed to apply as a world average. 

The range of exposure levels due to external sources can be illustrated by 

Table V where the gonad dose has been calculated on the assumption that the body 

shielding reduces the external gamma exposure to 63 per cent. and that the cosmic 

radiation gives a dose rate of 28 mead /year. 

5.1.3, Atmospheric radiation 

The external radiation dose from the radioactive gases radon (Rn222) and 

thoron (Rn220) in the atmosphere is rather sma11á about 2 mrem per year (cf Table II). 
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TABLE V. ANNUAL GONAD DOSES FROM TERRESTRIAL GAMMA RADIATION 
AS REPORTED FROM SOME REGIONS OF SPEСIA INTEREST* 

Region Population 
in millions 

Average annual 
gonad dose (mrad) 

Normal regions 2500 47 

Granitic regions in France 7 160 

Monazite regions: 

Kerala, India 0.1 800 

Guarapari, Brazil 0.05 300 

The values, which are approximate, have been taken from the 1958 UNSCEAR 
Report but do not include the cosmic radiation component as in the original version. 

5.1.4 Internal exposure from potassium -40 and carbon -14 

The exposure from internal natural sources normally accounts for about 2'.' per 

cent, of the total soft tissue dose from natural radiation. It is mainly due to 

the presence of radioactive potassium (K 
) which is a constant fraction (10 

-9 

curies per gram) of the natural potassium content of the body which may vary between 

0.12 -0.36 per cent', of the body weight. About 2 mrad per year are contributed by 

radioactive carbon (C14) formed in the atmosphere as a result of nuclear reactions 

caused by the cosmic rays. All the carbonaceous substances that take part in the 

carbon exchange with the atmosphere have a constant equilibrium concentration of 
C14 

and this isotope is therefore present in all living biological material. 

5.1.5 Internal exposure from natural radium and radiothorium 

The internal exposure from naturally occurring radium (Rа226) and radio - 

thorium (Th228) and their decay products constitutes a special problem for several 

reasons. First, these radioactive isotopes do not give rise to a uniform whole 

body exposure but are essentially concentrated in local portions of the body. 

Ingested radium and radiothorium are preferentially taken up by the bone; the 

inhaled decay products of atmospheric radon and thoron concentrate in the lungs. 
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Secondly, the radiation is a mixture of alpha -, beta -, and gamma -radiation. The 

alpha -radiation is probably the most important because of its energy and high 

ionization density. 

An interesting factor is also related to the short range of the alpha -particles. 

that causes a microscopic non -uniform dose distribution which is of added signifi- 

cance in eases of acute radium poisoning when also the distribution of the radium 

is non -uniform. 

The normal body burden of Ra226 seems to be related chiefly to the intake of 

radium in food since the radium concentration in drinking water is usually much 

lower than in foods. Only when the concentration of radium in drinking water 

exceeds about 1 µµg /1 does the uptake through water become significant. Few 

public water supplies with such radium concentrations are known, although some 

springs show high values (see Table VI). The radium and thorium concentration of 

various foods are being investigated by Mayneord and cо- workers27 -29 and preliminary 

results reveal a tremendous range of concentrations: a factor of at least 20 000 is 

observed between the most active and least active foods within a selection of foods 

common on the British market (see Table VI). 

Walton, Kologrivov & Kulpзo report a 10 -fold range for the radium concentration 

in human bone ash from samples taken from various parts of the world; measurements 

on over 140 specimens from the New York area showed, however, a standard variation 

of only 15 per cent, and an average bone burden of as little as 0.27 x 10 
-10 

g Ra 

per adult body. Muth et al have reported substantial radium concentrations also in 

soft tissue, and this has been partly verified by Mayneord.29 The concentrations 

reported together with the above quoted bone burden would imply a total body burden 

of at most 0.5 x 10_10 g Ra per adult body, which is, however, only 50 per cent. of 

what is frequently referred to es a "normal body burden of radium" viz. 10 -10 g. 

The osteocyte dore in Table II is based upon the latter figure, but according to the 

existing data the variation may be considerable. 

The dose to lung tissues from inhaled decay products of radon and thoron in the 

air can be essentially higher than what is shown in Table II, if the concentrations 

exceed what has been assumed to be normal for outdoor conditions, viz, less than 

0.1 µµc /1. These concentrations do show geographical and time variations, depending 

largely on geological and meteorological conditions. 
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(a) Natural radium concentration in food (Nic/kg) ** 

Fruit and vegetables 1-г3 

Bread and flours 8-1К7 

Breakfast cereals 9-5в 

Nuts 5-1б 900 

Confoationery 1-29О. . 

Milks and milk products 1-15 . 

Meats and fish 1-310 

•Beverages 

(b) Natural radium e�ncentration in water (Wц /1) * ** 

1-51о . 

Ocean 0.01 -0.07 

Rivers in USA, average 0.07 

Public water supplies: 

Sweden (tap water) 0.2 -1 

USA (tap water, average) 0.04 

USA (tap water, maximum) 7 

USSR (fresh water, average) 1 

Austria, Bad Gastein (tap water) 0.6 

Germany, Frankfurt -am -Main (tap water). 0.17 -0.31 

Springs in special areas: 

Boulder, Colorado, USA 300 060 

Hot springs, Japan 700 000 

Joaohimstal, Czechoslovakia 500 0'10 

Bad Gastein, Austria 100 000 

France 30 -1k0 

* 
The concentration of Th 22 is often of the same order of magnitude.. 

** From Mayneord et al 28 the ranges refer to aft arbitrary selection of foods 
common on the British market. 

* ** 
From the 1958 UN3CEAR Report. 
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5.2 Modified natural radiation exposure 

To some extent man's exposure to natural radiation may be raised or lowered by 

such factors as housing. Indoor life in several respects affects the natural 

radiation exposure; by absorption in the building material, by additional radio- 

activity in this material and by the accumulation of radon and thoron in badly 

ventilated rooms. Most building material heavy enough to absorb radiation also 

contains natural radioactive substances to a sufficient extent to more than com- 

pensate for the shielding effects of the building; indoor exposure is therefore 

often higher than the exposure outdoors (see Table VII). In some cases building 

materials have been reported to be made from raw material such as alum shale which 

frequently has a comparatively high natural radioactivity.2ó The dose -rate from 

inhaled radioactive material in such houses can differ more as compared to normal 

levels than does the dose -rate of external radiation, especially under bad ventilation 

conditions when the daughter products can reach radioactive equilibrium with the 

radon (see Table VIII). This might not be considered to be entirely а natural 

exposure since the most radioactive minerals should probably not be used for con- 

struction purposes, and since good ventilation is desirable generally. It seems 

that sharp limits do not exist between natural and artificial exposure. A more 

appropriate distinction might rather be between "new" and "old" patterns of ex- 

posure. 

Individuals may experience reduced or increased radiation exposure over limited 

periods of time or as members of special small occupational groups because of 

activities which are not within a normal pattern of living throughout a lifetime. 

On aship at sea for example one receives a radiation exposure essentially free from 

the terrestrial component and hence only about half the average natural level on 

land. Going by aeroplane to extremely high altitudes on the other hand raises the 

e�.gosure level because of the increase in the cosmic ray component. The biological 

effectiveness of the high energy heavy particle radiation of which the primary cosmic 

radiation is composed at high altitudes is not known and might conceivably have 

special significance. 
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TABLE VII. ANNUAL GONAD DOSES FROM TERRESTRIAL GAMNL^t 

RADIATION IN BUILDINGS OF DIFFERENT MATERIALS* 

Building material 
(outer walls) 

Average value of annual gonad dose (mrad) ** 

Centre of room Highest reading Lowest reading 

Wood 

$rick 

Light -weight concrete 
(containing alum shale) 

31 

66 

108 

36 

70 

127 

30 

62 

99 

* 
The values have been taken from the 1958 UNSCEAR Report but have been 

corrected by the factor 0.63 to correct for the shielding of the dy. They 
originate in the work of Hultgvist.2б 

** 
Approximately also valid for osteocytes and marrow. In Table II a value 

of 47 mrad has been assumed to apply as a world average. 

TABLE VIII. ANNUAL DOSES TO THE LUNGS FROM RADON AND THORON IN THE AIR* 

Building material 
(outer walls) 

Annual lung dose (mrem) 

Radon Thoron 

Equilibrium Ventilation Equilibrium Ventilation 

Wood 

Brick 

Light -weight concrete 

260 

450 

930 

70 

130 

260 

180 

60_') 

64 

50 

17^ 

180 

* 
The values have been taken from the 1958 UNSCEAR Report and are based upon 

Hultgvist's measurements in Sweden.26 They are subject to substantial uncertainty, 
especially, with regard to the biological effectiveness of alpha -radiation. 
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5.3 Medical exposure 

5.3.1 X -ray diagnostic examinations 

Table IX is a summary of data reported in the 1958 Report of the UNSCEAR and 

shows the extent.. of diagnostic X -ray examination in a number of technologically well - 

developed countries. The data mainly refer to gonadal exposure. If one assumes 

that there is no recovery from radiation induced genetic changes in the cells and that 

the dose -effect relation is linear without threshold, the individual gonad doses may 

be weighted by child expectancy to give a genetically significant dose as defined by 

the UNSCEAR.2J As an average, this dose is directly comparable to the average gonad 

dose from the natural radiation which according to the previous is about 100 mrad 

regardless of age and sex. 

The table shows that the reported values of the genetically significant dose 

from diagnostic X -ray procedures range between 17 -160 per cent, of the average dose 

from the natural radiation. The dose to other soft tissues is probably of the same 

order of magnitude although the relevant importance of various diagnostic procedures 

is different when organs other than the gonads are considered. These data clearly 

show the striking magnitude of the contribution made by medical procedures to the 

exposure of man to ionizing radiations. Individual doses vary considerably with 

different practices. The annual. number of examinations per capita of the total 

population, except dental and mass survey examinations, is about 0.3 for such 

countries as the Scandinavian countries, the United Kingdom and the United States, 

whereas the mass survey examinations in these countries number between 0.1 -0.2 

examinations per capita. 

The genetically significant dose has a strict meaning if the assumptions mentioned 

above are correct. In the case of average doses tó other organs, little is known 

to support the use of an additive formula such as is needed when an average is to be 

calculated. It has often been assumed that the dose to the active bone marrow has 

some relevance in connexion with the possible induction of leukaemia; however, it 

is not known whether the relevant dose is the maximum dose in some portion of the 

marrow or the mean dose as averaged over the whole mass of active marrow, or whether 

radiation doses to tissues other than the marrow may also be involved. If an 
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TABLE IX. DATA ON GONAD EXPOSURE t+'ti0M DIAGNOSTIC X -RAY PROCEDURES IN VARIOUS COUNTRTRS 

Annual number of examinations 

Country Year of Population Population Mean Expected Relative per capita of total population Consump- Annual Dj Dj /f Per 

study at time of under mean child number of child ex- tion of geneti- (mrem) capita 

study age of expect- children peotancy eR eF eM eD X -ray callу (eR +eF) dose 

(N) child ancy after after Radiog- Fluoro- Тass Dental films - signifi- (mrem) (mrem) 

bearing 
(n) 

(w) birth 
(W) 

birth 
(W /w) 

raphy 
(except 

dental & 

mass 
survey) 

, 

scopy surveys Annual 
number 
per 
capita 

(f) 

cant 
dose 
(Dj) 

(mrem) 

Australia 1955 -1957 9 500 000 0.48 -a 0.19 no data 160 (28d) 330 (58d) 150 (28d) 

Austria 1955 -1957 6 974 000 3 095 000 2.25 0.067 0.31 0.0075 no data 16 -24 

Denmark 1956 -1957 4 450 000 (1 610 ооо) 0.92 2.54 2.76 0.23 -a 0.23 no data 1.0 17d 75d 17d 25d 

England & 
Wales 1955 44 440 iii (18 700 iii) 0.93 2.20 2.36 0.30 -a 0.076 0.021 23d 75d 23d 

France 1957 42 000 000 19 000 000 2.21 0.15 0.62° 0.50° no data 0.86 57d 75d 65d 57d 

Japan 1956 90 000 000 58 000 000 1.55 0.28 0.04 0.26 no data 10 -30 

New Zealand 1957 2 221 000 (1 160 000) 1.71 3.28 1.92 0.34 _a 0.09 0.24 

Norway 1956 3 400 000 0.15 1.1 

Sweden 1955 7 178 000 (2 980 iii) 0.91 2.19 2.41 0.31 -a 0.14 (0.3b) 1.0 38 115 36 

USA 1955 -1956 162 000 000 81 700 000 1.98 0.25 0.08 0.13 О. (1.2ь) 0.68 141(50;1) 430 (15оd) 210 (75d) 170 

a 

b 

Fluoroscopy is generally performed only in connexion with radiography. 

Number of films. 

c 
26 000 000 fluoroscopic examinations per year in France include 19 000 000 mass surveys on the population under age 30. In addition, 2 000 000 photofluoroscopic examinations 

are performed annually, so the total number of mass survey examinations is likely to exceed 21 000 000 per year. 

d 
Minimum estimate. 
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induction of leukaemia could be explained by a mutation effect, there would be some 

justification in calculating the per capita mean marrow dose for the whole population 

to be used as а measure of the number of cases to be expected. 

On the other hand, if there is a threshold in the dose- effect relation, the 

per capita dose has no meaning and only the individual doses are relevant. Table X, 

also taken from the 1958 UNSCEAR Report, gives a rough estimate of the relative 

importance of various X -ray examinations as regards the contribution to the per 

capita mean marrow dose. If there is no threshold the important factor may be a 

eo�пΡbination of a high frequency of examination and a high dose to the marrow. Mass 

chest surveys, although they give a moderate dose to the marrow, give a high con- 

tribution to the per capita mean marrow dose, because of the high frequency of ex- 

aminations. Castro- intestinal examinations, although less frequent, may contribute 

even more because of the high individual dose. If there is a threshold dose for 

induction of leukaemia, it might well be that all the normal individual doses as 

listed in the table fall below the threshold, and that only a few intense and 

elaborate examinations in fact exceed the threshold. It should be noticed that even 

so, the fact that a threshold is exceeded does not mean that an injury will occur. 

It means only that it has a certain likelihood of occurring and that this likelihood . 

becomes higher the more the threshold is exceeded. 

With regard to,the dose to other organs, or the integrated dose to the body as 

a whole, there is not sufficient information available to justify the use of 

population averages. 

Individual doses for various types of X -ray examinations were reported to the 

UNSCEАR from many countries and the results were published in the Committee's 1958 

report. Part of this material was already available to the ICRP /ICRU study24'and 

in this connexion was arranged by examination to illustrate the wide range of 4n- 

dividual gonadal exposure.(see Ta1les XI- XXIII). 



TABLE X. ANNUAL PER CAPITA MEAN MARROW DOSE FROM DIAGNOSTIC X -RAY EXPOSURE 
(EXCLUDING FLUOROSCOPY) 

(Figures based upon an assumed average practice) 

No. Examination Views Mean 

marrow 

dose 

(mrem) 

No. exam. 

per 1000 

of 

total pop. 

Annual per 

capita marrow 
dose (mrem) 

1. Lower femur 1 AP + 1 LAТ 5 5 0.025 
2. Hip and femur 1 AP + 1 LAТ 30 5 0.15 

3. Pelvis 1 AP 20 5 0.1 

4. Lumbo- sacral 1 AP + 1 LAТ + 2 OBL 300 5 1.5 

5. Lumbar spine 1 AP + 2 LAТ 400 5 2.0 

6. Dorsal spine 1 AP + 1 LAT + 1 OBE 400 5 2.0 
7. Intray. pyelography 5 AP 200 5 1.0 

8. Retrog. pyelography 2 AP 100 2 0.2 

9. Urethrocystography 1 AP + 1 LAТ + 2 OBL 300 1 0.3 
10. Pelvimetry 1 AP + 1 outlet + 2 LAТ 800 0.5 0.4 
11. Salpingography 3 AP 100 0.2 0.02 
12. Abdomen (obstetrical) 1 AР 100 0.5 0.05 

13. Abdomen 1 AP 50 5 0.25 
14. Lower G.I. 2 AP + 3 PA 700 10 7.0 
15. Upper G.I. 1 AP + 2 PA + 1 LAТ 500 20 10 

16. Cholecystography 4 PA 400 5 2.0 
17. Chest 1 PA + 1 T.AT 40 8i 3.2 
18. (a) Ribs and sternum 1 PA + 1 LAТ 200 2 0.4 

(b) Shoulder 1 PA + 1 LAТ 20 5 0.1 
19. Arm 1 2 30 0.06 
20. Foot 1 2 30 0.06 
21. (a) Skull 1 AP + 1 PA + 2 LA? 50 30 1.5 

(b) Cervical spine 1 AP + 1 PA + 2 LAS 54 5 0.25 
22. Dental 1 20 100 2.0a 

23. Mass min 1 PA 100 100 lo 

a 
American practice including about 400 examinations per year per 1000 of total population gives a 

mean marrow dose of 8 mrem per capita and year. British practice involves only 20 examinations per 
year per 1000 of total population, which corresponds to less than 0.4 mrem per capita and year. The 
assumptions on location of active marrow makes estimates for skull exposure very uncertain. 



TABLE XI. HIPS 

Reference Тec1Znical data Measurements 

made on 

Remarks 
Gonad dose per examination (mead) 

Male Female 

Hammer- Jacobsen (1957) 
Denmark 

62 -64 kv, 
400 -450 mAs 

Patients: 

12 male 
567 

(20- 3600) 
53 

(30 -100) 
FFD = 100 cm 9 female 

2 films per 

examination 

Larsson, Sweden 60 -70 kv, Patientsa 1150 205 

200 -500 mAs 19 male (100-2600) (75 -450) 
3 films per 

examination 
18 female 

Laughlin & Pullman Years: 

(1957) UsА 0- 2 480 270 

2- 7 840 420 
7 -12 2100 900 

12 -30 650-200) 

Stanford & Vance 68 kv, 200 mAs Patients 710 210 

(1955) цsA FFD = 90 cm 



TABLE XII. FEМUR 

Reference Technical data Measurements 

made on 

Remarks Gonad dose per examination (mrad) 

Male Female 

Hammer- Jacobsen (1957) 58 -60 kv, 250 mAs Patients: 1393 63 

Denmark FFD = 100 cm 7 male (50 -3500) (20 -100) 
2 films per 

examination 

4 female 

Koren & Maudal 62 kv, 250 mAs Phantom 73 9.6 
Norway FFD = 100 cm 

2 films per 

examination 

Larsson 50 -78 kv, 80 mAs Patients: 

Sweden 6 male 65 -650 50 
2 female 

Laughlin & Pullman Years: 

(1957) 12 -30 1650 300 
USA 



TABLE XIII, PE•IS 

Reference Technical data Measurements 
made on 

Remarks 

Gonad dose per 
film (mead) 

Gonad dose per 

examination (mrad) 

Male Female Male Female 

Нammér- Jacobsen 60 -63 kv, 200 -360 mAs Patients: 

(1957) FFD _ 100 cm 7 male 567 70 

Denmark 1 -2 films per examination 1 female (50 -2 500) 

Koren & Maudal 70 kv, 250 mAs 
Norway Phantom 3 580 96 3 580 96 r`FU = 100 cm 

Larsson 59-64 kv, 500 mAs Patients: 
Sweden FFD = 100 cm 16 male 1 010 190 

1 film per examination 20 female (50 -2 800) (100 -300) 

Laughlin & Years: 
Pullman (1957) 0 - 2 480 270 

USA 2- 7 840 420 

' 7 - 12 2 100 900 

12 - 30 1 650 -2 000 600 -1 000 

Stanford & Vance 65 kv, 100 m йs Patients AP 1 100 210. 1 100 210 

(1955) FFD = 90 cm 
UK 

( 65 kv, 100 m�s 

( FFD = 90 cm, 

( no extra filter Normal 
65 kv, 100 al4s technique 2 000 

FFD = 90 cm 
Ardran & Crooks ( ) mm Al- filter 670 

(1957) 
UK 

К 75 kv, 80 mAs 
( FFD = 110 cm, "АЕRE" ** 

k 3 mm Al- filter. technique 480 80 

( The same, but testes 
{ covered with lead 20 . 

* 

** 

Atomic Energy Research Establishment 

Measurement made on phantom 
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TABT,F XIV. LUMBAR SPINE 

Reference Technical data 
Measurements 
made on 

Remarks 

Gonad dose per 
film (mrad) 

. 

Gonad dose per 
examination (mrad) 

Male Female Male Female 

Hammer -Jacobsen 65 -84 kv, 1 250 miis Patients: 

(1957) 22 male 104 222 
t+'r'D = 100 cm 

Denmark 3 films per examination 22 female (10 -400) • (20 -600) 

Koren & Maudal ( 68 kv, 310 mAs 
Norway ( FFD = 100 cm AP 4.5 60 4.5 60 

( Phantom 
( 75 kv, 500 mAs Teat. 6 91 6 91 

( rъ'll = 90 cm 

Larsson 65 -70 kv, 500 mAs Patients: Lumbar 
Sweden FFD = 90 -100 cm 

4 films per examination 
12 male 
7 female 

spine and 
lumbo - sacral 

375 680 

region (68 -1 180) (490 -860) 

Laughlin & Years: 

Pullman » 0 - 2 2 700 9•0 
(1957) 2 - 7 2 400 1 C50 

USA 7 - 12 900 2 190 

( 68 kv, 2C0 m Rs ) ( . 

( FFD = 90 cm ) ( AP 24 227 24 227 

Stanford & Vance/ 72 kv, 500 ms 5 

(1955) FFD = 90 cm Lat. 26.6 86 26.6 86 

UK 
( 120 kv, 20 m it ) Patients 

( FFD = 90 cm ) ( AP 6 40 6 4о 

( 120 kv, 6о BAs ) ( 

FFD = 90 cm / Lat. 7 16 7 16 

( 68 kv, 200 m As 
( FFD = 90 cm, Normal 
( no extra filter technique 24 

( 68 kv, 200 mAs • . 

Ardran & Crooks ( FFD = 90 cm, 
(1957) 

'( 3 mm Al- filter 6.0 

UK ( 75 kv, 80 m . 

( FFD = 110 cm "AERE" ** 
( 3 mm Al- filter technique 1.0 95 
( The same, but testes 
( covered with lead 0.5 

* 
Atomic Energy Research Establishment 

Measurement made on phantom 



Т.';BLE XV. IMTRAVENOUS' "YYELOGR.,PHY 

Reference Technical data 
Measurements 
made on 

Remarks 

Gonad dose per Gonad dose per 
film (mrad) examination (mead) 

Male ; Female Male Female 

Hammer- Jacobsen 
(1957) 

Denmark 

LeFebvre & Serra 
(1957) 

France 

Larsson 
Sweden 

¡Laughlin & 
Pullman (1957) 

1USA 

Stanford & Vance 
! (1955) 

¡Uк 

¡Ardran & Crooks 
(1957) 

lux 

( 61 -65 kv, 3 300-4 300 mAs 
( FFD = 130 -143 cm 
( 6 films per examination 

( 65-73 kv, 650-1 700 m,„s 
(r u =130 -143 cm 
( 6 films per examination 

10 films 

12 films 

16 films 

( 66 -120 kv, 95 mAs 
( 12 -26 films per 

examination 

( 55 kv, 250 -270 mAs 
(5 -11 films per 

examination 

72 kv, 100 mAs 

r'r'U = 90 cm 
6 films per examination 

75 kv, 80 m,As 

N'r'll = 110 cm 

3 mm Al added 

Patients: 

50 male 

50 fеma__: 

Patients: 
14 male 
8 female 

Patients 

Patients: 
25 male 
17 female 

Patientз: 
10 male 

Patients 

Male: 
patients 

Female: 
phantom 

dults 
Adults 

Children 
under 
15 years 

Children: 

1 383 
(lo0-4 о0o) 

+ 

654 
�(1oo-.1 600) 

424 
(50-4 coo) 

((i 

7o6 
! 

(100-3 800); 

3 months 50 30 50o зоо 

3 years 84 56 1 008 678 
6 years 95 87 1 520 1 384 

Hospital 
1 

Hospital 
2 

12 -30 years 

Pyеlc- 
graphy 

о.5# 95 

79о 
+(141-2 160) 

� 

486 

1 820 

(935 -2 680) 

200-1 200 

1 290 

# With lead rubber over the scrotum. 

Doses reduced to 1 -3 per cent. by shielding of scrotum. 



Reference 

TABLE XVI. RETROGR.LDE РУЕLООЊU'Нг 

Technical data 
Measure- 

ments made 
Remarks 

Gonad dose per 

examination (inrad) 

Мя.тя 

Нахпrnег- 63-67 kv, 4 000 mAs 

Jacobsen 1.411) 130-143 cm Patients: 
1 (1957) 7 films per 8 male ! 2 580 
penmark examination 9 female (7ОО-З 800) 

'Laughlin & 
Pullman 

(1957) 

12-30 
years 

27010- 

grаР4 

100-2 000 

Female 

1 136 
(200-4 000) 

200-1200 



т 
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Reference 

Hammer- 
Jacohsen 
(1957) 

Denmark 

TABLE XVII. URETHROCYSTOGRAPHY 

Technical data 
Measure- 

rents made 
Ç Remarks 

on 

�( 71 kv, 3 285 тСьв 

3 ( F1'Yll = 137 cm ' '_'atients : 

` ( б films per 7 male 
( examination ј 

; ( б3-87 kv, i Patients: 
( 2 000-2 850 inf.s 

i 

2 male cysto- 
( FFD ?А4-130 cm 2 female graphy 

Ganad dose per 
examination (mrad) 

Male 

;Urethro- 

graphy 

(5 films per 
( examination 

( 102 -109 kv, 

( 357 -476 mis 
( FFD =.90 orn 

( 9 films per 
( examination 

( 

( 79-86 kv, 
( 256 -341 mils 
( КD = 90 cm 
( 8 films per 
( examination 

Patients: 
9 male 
9 female 

4 209 
(2 700 -8 400) 

Female 

5 261 460 

3 50о-7 loO) (350-560) 

Urethr o- 
cysto- 
graphy 
during 7 841 669 

micturition (2 400-17 200) (200-1 500) 

Adults 

Patients: 
б т?l e Under 15 
5 female 

2 314 
(200 -4 700) 

'Koren & 
75 kv, 200 m�1s 

100 kv, 500 mAs AP 
Naudal F. '1) = 60 cm Phantom Lat. 

!Norway 1 +4 films per 
examination 

( Patients: 
( 80 -100 kv 26 male '. Hospital 1 4 100 

�Larsson 16 female; 1 000-11 l00) 
�Sweden ( 

( 100 -200 mAs Patients: 

( 5 -15 films per 5 male Hospital 2 760 

( examination (320 -1 240) 

Years: 

;Laughlin & 
Pullman 

(1957) 
USA 

( Radiography 

( Fluoroscopy 

12 -30 

Years: 

0 -12 

12 -30 

140-300 

5 00-2 000 

500-6 000 

205 

(120 -330) 
, 

104) 3i4 

1 004 
(550 -1 650) 

2 00-1 000 

500-1 000� 
500-3 000' 
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TABLE XIX. SALPINGOGRAP.HY 

Reference Technical data Measure- 
тlents made 

on 

Remarks 
Gonad dose per 
examination 

(mrad) 

Female 

Hammer- 
Jacobsen 

69 kv, 
1259 rпAs 

(1957) FFD = 100 cm 7 patients 197 

Denmark 2-7 films per 
examination 

(140 -270) 

Larsson 
Sweden 

65 -90 kv, 
120 -150 mAt 

32 patients 2650 

611 films per 
examination 

(1100 -6700) 

Laughlin & 
Pullman 600 -1000 

(1957) 
USA 



# 
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TABLE XX. ABDOMEN 

I 

; Reference Technical data 
Measure- 
ments made 

on 

Remarks 

Gonad dose per 
examination (mrad) 

Male Female 

( 63 -70 kvb 600 mАs 

( FFD = 10 -143 ёm 

1 film per 

Patients: 
5 male 
4 female 

AP 61о 
(40-1 800) 

85 

(40-100 
Hammer- ( examination 

Jacobsen n 
(1957) ( 71 kv, 750 mАs 

Denmark FFD = 100 cm Patients: : Obstetric 9о 
1 -2 films per 
examination 

21 female! (6о-600) 

80 kv, 180 mÿs 
Кoren & FFD = 100 cm 7.8 120 
Naudal 

Norway 
3 films per 
examination 

Phantom 

Female 4.13 films 
per examination. 

Larsson 
Sweden 

Male 3 -7 films per 
examination. Some - 
tiтпes flйoroscopy, 
1.5 -2 min. 

Patients: 

7 male 

7 female 

450-2 725 18 -1 2 

Years: 
Laughlin & 0- 2 45о 240 

Pullman Abdomen and colon 2- 7 93о 390 
(1957) radiography 7 -12 750 720 

USA 12 -30 10-200 460-500 
72 kv, 100 mÁs 

Stanford & ,( FFD = 90 cm AP 69 200 

Vance (1955) ( 80 kv, 150 тflв Patients 
UK FFD = 90 cm Obstetric 200 

Ardran & 75 kv, 60 mAs j Male: 
Crooks FFD = 110 cm patients 

(1957) 3 mm Al- filter 
UK added 

Female: 
phantom 

AP 0.5# 75 

With lead rubber protection. 
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TABLE КХх. BAR TUN EI'TENA 

Reference Technical data 
Measure- 
rents made 

on 

Remarks 

Gonad dose per 
examination (mrad) 

Male Female 

Children: 
LeFebvre & .15 films 3 months 450 400 

Serra (1957) 7 films Patients 3 years 700 455 
France 9 films 6 years 900 800 

About 10 films: Patients: 
Larsson mean fluoroscopy 31 male 25.5 2 065 
Sweden time 7 min. 15 female (52 -485) (1 075 -2 920) 

( . Abdomen 
( Radiography & colon 140 -200 420 -500 
( 12 -30 years 

Laughlin & ( 

Pullman ( Lower 
(1957) ( Fluoroscopy G.I.T. 0 -750 420 -1 500 

USA ( 12 -30 years 

( 

( Lower 
( Fluoroscopy 
( 

G,I.T, 
Children 

420 -750 420-1 500 

Stanford & Fluoroscopy: 
Vance (1955) 70 kv, 2 +mА Patients 40 20 

UK 3 min. 

... - �. 
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TABLE XXII. BARIUM SWАLL('W AND MEAL 

Reference Technical data 

- 

Measure- 
rents made 
on 

-- 

Remarks 
Gonad dose per exami- 
nation (mead) 

Male Female _- , ж w 

Children: 

LeFebvre & 20 films 3 months 220 

Serra (1957) 16 films Patients 3 years 496 

France 20 films 6 years 220 

( 75 kv, 60 mAs 
FFD = 60 em Phantom 2.9 144 

Koren & ј 

Maudal 

12 films per 
examination 

Norway 
Fluoroscopy: 
70 kv, 3 mA, 3 min. Phantom 1.2 45 

FSD =40cm 

Patients: 
80 -110 kv 25 male Hospital 1 12.5 33 
40 -80 mAs 25 female (2.7 -29) (8.5 -55) Larson 
10 -15 films 

Sweden 
Mean fluoroscopy Patients: 

time 7 min. 25 male Hospital 2 4.3 31 

25 female (2.1 -13.6) (7.8 -78) 

Stomach 
and upper 

Radiography G.I.T. 60 -200 200 -300 
12 -30 years 

Laughlin & Upper 
Pullman G.I.T. 

(1957) 12 -30 years 0 -500 200-750 

USA Fluoroscopy 
Upper 

G.I.Т. 200-500 200 -750 
Children 

Vance (1955) Fluoroscopy Patients 20 9 
UK 70 kv, 2 mА 3 min. 

Ardran & 
Fluoroscopy with 
image intensifier Male: 

Crooks (1957) 75 kv, 0.5 mA patients 5 5 

UK 5 min. 5 mm Female: 
Al- filter added phantom 
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TABLE XXIII. С НC LE С У5 Т.^. GRA РНУ 

Reference i.achnical data 
Measure- 
rents made 
on 

Remarks 
Gonad dose per exami- 
nation (mrad) 

Male 

--- 
Female 

Koren & 
80 kv, 125 mAs Phantom 6.7 260 

Mauda l 
FFD = 100 cm 

Norway 5 films per 
examination 

( 60 -80 kv Patients: 
35 -.200 mAs 26 male Hospital 1 3.1 19 
k-6 films per 25 female (1.3 -6.5) (10 -41) 

Larsson •examination. 
Sweden Fluoroscopy Patients: 7.1 

80 kv, 3 mA, 
.1.2 -2.5 min. 

16 male Hospital 2 (4.3 -11) 

Laughlin & 
Pullman 12 -30 

(1957) Radiography years 0 -10 75 -200 

USA . 

70 kv, 150 mAs 
Y.f or•d & FFD = 90 cm Patients 1.8 15.6 

Vance (1955) 
UK 

3 films per 
examinat =on 



TABLE I.Т. сHЕвг 

Reference Technical data 

Measurements 

made on 

Gonad dose per 
film јmrаd) 

Gonad dose 

examination 

Male 

per 
(mrad) 

Female Remarks Male Female 

LeFebvre & Serra 
(1957) Patients Children: 5 

France 3 months 

(80 kv, 27 mAs 

Soren & Maudal 
(FFD = 150 cm PA < 1 1.0 (1 1.0 

orway Norway 
Phantom 

(95 kv, 60 mAs 
(FFD = 150 cm Lat. < 1 1.5 <1 1.5 

3 -5 films per examina- Pati:'.nts: 

Larsson a 
taon & fluoroscopy 78 male 1.6 4.6 

Lrss 70 -80 kv, 
2 -2.5 mA 

1 -3 min 

22 female (0.9 -2.7) (2.6 -10.8) 

( Years: 

Laughlin & ( 0- 2 0 -450 0 -240 

Pullman (1957) (Radiography 2 -12 0-5 0 -5 

USA ( 12 -30 0 -1.2 0 -0.3 

;Fluoroscopy 0 -40 0 -30 

}4tаnfo�d & Vance . 

(1955) 68 kv Patients PA 0.36 0 07 0.36 0.07 

UK 

(Radiography Male: 

(FF:) = 180 cm patients PA 0.01 0.02 0.01 0.02 

(3 mm Al- filter added Female: 

Ardran & Crooks ( phantom 

(1957) (Fluoroscopy with image Male: 

UK ( intensifier patients 3.0 3.0 
(75 kv, 0,5 m:A 

(Y min, ? mm 
Fe-.aleз 

phantom 

A l- fi.7..tе'i added 
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It is apparent from these tables that according to the technique the individual 

dose for one and the same type of examination may vary as much as by a factor of 100. 

Although the figures given in the tables have been estimated by the various authors 

themselves, the wide variations are probably the result cf different techniques rather 

than simply reflections of uncertainty in measurement. The lower values, therefore, 

give some indication as to what levels may be achieved with good practices. Further 

details and references are given in the ICRP /ICRU Study Group report.24 

The countries for which the values in Table IX have been reported constitute a 

selection for which the frequency of medical exposure is likely to be considerably 

higher than the world average; on the other hand, the experience and high technologi- 

cal development in these countries may tend to result in good practices in avoiding 

unnecessarily high individual doses. The population averages reported may not be 

representative for today's practices since there is a considerable "feed back" caused 

by the very fact that a survey of dose levels is made; such surveys frequently 

reveal bad practices and initiate safety measures which significantly change the 

result. 

Special recommendations on methods for reduction of gonadal dose from X -ray 

examinations were made by the ICRP /ICRU Joint Study Group.2 Some of these recommen- 

dations, together with statements by UNSCEAR and by ICRP Committee III on Protection 

against X -rays up to Energies of 3 MeV and Beta- and Gamma -Rays from Sealed Sources, 

are quoted in the Appendix. 

A characteristic feature of medical X -ray examinations is that they involve 

exposure of large groups of patients including young people and in most cases those 

having a life expectancy that is essentially normal. For countries which are 

technically well developed, the average doses in a population, as far as they can be 

calculated (e.g. the genetically significant dose), seem to be of the same order of 

magnitude as the average dose from natural radiation. Individual doses to portions 

of the body that are exposed to the primary beam may be relatively high. It is in 

connexion with such exposure that cases of skin or bone necrosis resulting from bad 

practices and inexperienced operators are known to have occurred. There is, however, 

no evidence of injurious effects from examinations carried cut according to good 

procedures and with modern equipment by competent operators. Any specific 

recommendation for reducing the exposure or decreasing the frequency of examination 
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should be extremely carefully considered. Both the justification for such 

reduction and its effect on the value of the examination need to be understood. 

All examinations that are carried out on an administrative or routine basis without 

clear medical indications should be reconsidered as to their value, and the adminis- 

trative co- ordination recommended in paragraph 79 in the UNSCEAR statement quoted in 

the Appendix seems to be a useful means of reducing exposure that might otherwise 

involve very large groups. 

5.3.2 Diagnostic work with internally distributed radioisotopes 

According to the data that were available to the UN5СEАR up to 1958, internally 

distributed radioisotopes with the present frequency ;..f examination give a negligib1e 

contribution to the genetically significant dose even in the countries with the 

highest frequency of such examinations. The dose to other organs is at present 

being investigated in the second ICRP/ICRU joint study (cf. page 12). 

Radioactive contrast media such as Thorotrast were used for cerebral angiography 

and some other X ray examinations during the period 1935 -1945 before the possible 

risks were realized. Such media are still used in many countries although with the 

recognition that their use should be limited to patients with short life expectancy 

and cases of great emergency. Thorotrast consists o': thoriumdioxide as a colloid 

which is almost 100 per cent. retained within the body after an intravascular 

injection, and concentrates in the reticuloendothelial system, especially in the 

liver and the spleen. If in the use of Thorotrast the injection is accidentally 

extravascular, the subcutaneous thoriumdioxide deposit may cause the patient harm 

because of the high radiation dose which may amount to several hundreds of rads of 

gamma -radiation per year. Cases of fibrosarcoma at the site of injection, and of 

liver cancer have been reported in patients who have had Thorotrast injections.31 

5.3.3 Radiotherapy 

In radiotherapy, the life expectancy of the patient is on the average shorter 

than normal because of the nature of the diseases that are most often treated, and 

in many cases so short that any long -term radiation effects can hardly be expected 

to be observed. On the other hand, the doses in the irradiated region of the body 

may be several,orders of magnitude higher than the doses received by patients in 

most diagnostic examinations. 
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The problem of radiation protection of the patient during radiotherapy for 

malignancy is a special case. It usually happens that sufficient tumour dose can 

be given only in association with a known high risk of severely damaging normal 

tissues and organs. The aim of a good radiotherapeutic practice in cancer must be 

to decrease both the number of patients that die of their disease because the 

radiation dose was insufficient and the number that die because the dose caused 

severe radiation injury. This is approached by refinement of the treatment planning, 

technique and equipment, and adaptation to the individual characteristics of each 

patient as far as skill and experience will permit. 

In many countries benign conditions such as planter warts, acne, haemangiomas 

and bursitis are subject to extensive radiotherapy. Such treatment should be 

undertaken only with full realization of the potential hazards involved and special 

caution should be exercised in its planning. 

5.4 Occupational exposure 

Most countries, all over the world, apply radiation protection principles for 

occupational exposure which are based upon the basic recommendations of the 

ICRP. In In some countries the application of such principles .s enforced by laws 

or regulations. The international document that is being considered by the ILl 

requests such enforcement, but leaves the setting of maximum permissible exposure 

levels for each country to the national authorities.32 

The basic criterion for maximum exposure levels for occupational exposure is 

obviously the condition that the individual should neither have a higher risk of 

severe injury than is generally accepted in other occupations, nor should he be 

subject to effects which, altho-gh not serious, would generally not be accepted in 

other occupations. This has been f orulated in the 1958 ICRP Recommendations17 as 

follows: 

"(29) Any departure °rom the environmental conditions in which man has 
evolved may entail a risk of deleterious effects. It is therefore assumed 
that long continued exposure to ionizing radiation additional to that due to 
natural radiation involves some risk. However, man cannot entirely dispense 
with the use of ionizing radiations, and therefore the problem in practice is' 
to limit the radiation dose to that which involves a risk that is not 
unacceptable to the individual and to the population at large. This is called 
a 'permissible dose'." 
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"(30) The permissible dose for an individual is that dose, accumulated 

over a long period of time or resulting from a single exposure, which, in the 

light of present knowledge, carries a negligible probability ог severe somatic 

or genetic injuries; furthermore, it is such a dose that any effects that 

ensue more frequently are limited to those of a minor nature that would not be 
considered unacceptable by the exposed individual and by competent medical 

authorities." 

The maximum permissible dose that was first recommended by the 'CRP (in 1934) 

was 0.2 r per day based on skin erythema on the assumption of a threshold so that 

lower exposure levels were considered completely harmless. Improved technology and 

the recognition of possible radiation effects that had not earlier been observed, 

such . ás injury to the blood- forming organs, the gonads and the lenses of the eyes, 

resulted in a reduction of this limit down to a maximum of 0.3 r per week recommended 

by the ICRP in 1953• The present definition of "permissible dose" as quoted above 

was introduced in 1958 and at that time the IC.RP published revised recommendations 

based upon general decisions made at a meeting in Geneva in 1956. The Commission 

recommended a reduction in the maximum permissible dose for whole body occupational 

exposure by approximately a factor of 3. The reasons for this reduction are given 

in the 1958 'CEP }leeommendations.17 One reason was the increase in the number of 

radiation workers, related to the development of atomic energy. The ICRP has 

always recommended that the occupational exposure be kept as low as practicable. 

Very few radiation installations in following the recommendations on maximum 

permissible exposure levels did in fact expose personnel to levels near the recommended 

maximum; in most cases an additional margin of safety was kept. It was feared 

that this margin might be reduced, resulting in an increased risk of over -exposure, 

if the number of persons occupationally exposed greatly increased or if pressure were 

brought to bear for more economic radiation work. Another reason was that it became 

more uncertain in the light of further research as to whether biological recovery 

could be expected to reduce the risk from continued exposure at low levels to the 

extent that was earlier assumed. Statistical studies that were being made in the 

United States at the time seemed to reveal a shorter life expectancy for radiologists 

than for other specialized doctors, and the radiologists also showed an incidence 

of leukaemia higher than normal. However, these findings have not been verified in 

similar surveys made in England. 
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The present maximum permissible occupational doses recommended by the ICRP17,1S 

are presented in a comparatively complicated way, which has been necessary to meet a 

number of practical requirements for their application. In essence they state that 

the average annual whole body dose should be less than 5 rems, although some workers, 

depending upon their earlier radiation exposure history, may be permitted for limited 

periods to receive annual doses up to 12 rems. In the case of the exposure of single 

organs only (other than the blood- forming organs, the gonads or the lenses of the 

eyes) somewhat higher annual doses are allowed; and the maximum permissible concen- 

trations of radioactive isotopes in air and drinking water recommended by the I0RP 

Committee II on Permissible Dose for Internal Radiation are for most isotopes based 

upon an average weekly dose of 0.3 rem. There are exceptions for bone- seeking 

isotopes and for isotopes that expose the whole body or the thyroid.19 

An interesting presentation of the historic development of the recommended 

permissible limits of occupational radiation exposure has been made by Failla in a 

statement to the United States Congressional Sub- Committee on Radiation.42 

Few occupational groups are at present working at levels higher than those 

recommended by the ICRP, at least in countries where survey data are available. 

Exceptions exist in cases of small numbers of people handling radium in hospitals or 

working with radioactive raw materials in mining and refining. On the contrary, 

in most establishments where radioactive substances or other sources of radiation 

are used the levels are well below the maximum permissible ones, and it is often 

more appropriate to talk about a "risk of exposure" than a "risk from exposure ". 

There is no evidence of harmful radiation effects within occupational groups at 

levels lower than the old maximum permissible weekly dose of 0.3 rem, although 

statistical studies indicate a correlation between very minimal blood Changes and 

exposure near these Ievels.l Seventeen cases of leukaemia have been reported in 

a group of United States radiologists for which the normal expected incidence would 

have been only three cases. 
1 

On the other hand, a number of casualties and injuries 

have been reported after receipt of higher doses and described in the scientific 

literature, demonstrating that the potential risk of ionizing radiation in occupational 

work is sufficiently high to justify present protection measures, with regard to 

prevention of radiation accidents. In medical and industrial work the injuries are 

mainly the result of inexperience, lack of instructions and carelessness. One of 
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the difficulties in radiation protection work is that the radiation cannot be 

detected by any of our senses. And also biological effects even to the extent of 

skin necrosis, etc., usually do not manifest themselves until after a latent period 

of many days (or considerably longer). In many atomic energy establishments the 

normal exposure levels are lower than for any other radiation work because of the 

relatively high investtrerits in radiation protection and worker education. On the ' 

other hand, the potential risk of exposure to very high doses is often higher than 

in hospitals, and a number of fatal accidents have been reported.35 -38 It should, 

however, be recognized that the rate of accidents in atomic industry is much lower 

than in most other comparable industries. 

The number of people occupationally exposed varies considerably from country 

to country depending upon the degree of technological development. According to 

the 1958 UNSCEAR report the number of persons employed in medical radiological work 

ranged from 0.17 to 0.69 per 1000 of the total population in those countries who 

reported to the Committee. With regard to industrial and research workers, the 

information is less complete but some indication of the number of people involved is 

given in Table X_V. The data for atomic energy work are much more complete but the 

number of persons involved in such work is rapidly increasing and it is difficult to 

foresee what the equilibrium will be. Table XXVI shows the doses received by AEC 

contractor personnel in atomic energy work in the United States. 

The contribution from occupational exposure to the average population exposure 

burden is rather small. The genetically significant dose was estimated by the 

UNSCEAR to be less than 2 mrem per year for most countries. On the other hand, the 

individual ex Jsures may be high if the radiation protection requirements are not 

followed. It can be expected that the internatioг_a1 document being prepared by the 

ILO will provide a helpful basis for protection programmes in occupational radiation 

work in those countries where such programmes are not yet established by local and 

national authorities. In 1959 WHO held an Expert Committee on Medical Supervision 

in Radiation Work. The report of this Committee gives guidance for the organization 

of the necessary medical supervision. 
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TABLE XXV. NUMBER OF X -RAY INSTALLATIONS 

Type of installation 

New Zealand 1957 

Number of plants 
per 1000 of 

total population 

Sweden 1955 

Number of plants 
per 1000 of 

total population 

Number of exposed 
workers per 1000 

of 

total population 

Diagnostic 0.14 0.15 0.46 

Therapy 0.02 0.01 0.03 

Dental 0.24 0.40 0.93 

Chiropractors and 
naturopathie 

0.02 - - 

TOTAL MEDICAL 0.42 0.56 1.42 

Shoefitting 0.03 .. - 

Veterinary 0.01 0.004 0.01 

Industrial 0.003 0.02 0.06 

Research and educational 0.01 0.03 0.02 

TABLE XXVI. EXPOSURE OF ATOMIC ENERGY PERSONNEL 
IN THE UNITEI) STATES OF AMERICA* 

Ann'ia1 dose (mrem) Number of workers Percentage 

О - 1000 56 708 94.2 

1 000 - 5 000 3 157 5.2 

5 о00 - 1о 000 285 0.5 

10 000 - 15 000 41 

,>15 000 3 0.01 

60 194 100.0 

The figures relate to AEC contractor personnel in 1955 and have been taken 
from the 1958 UNSCEAR report. 
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5.5 Sources of exposure in every -day life 

The radiation exposure which man receives from radioactive contamination of the 

environment is more difficult to assess than the exposure from other sources; and 

although at present it gives a very small contribution, it is potentially a source 

that could show a great increase in the future, depending on the care which man him- 

self takes in this regard. 

5.5.1 Manufactured articles 

A number of items that can be bought on the market and which are used in every - 

day life are radioactive. Both the number of such items and the radioactivity of 

each specimen should, from the health point of view as well as others, be subject 

to certain limitations. In its 1958 recommendations the ICRP has extended its scope 

to include also some discussion on these problems. If a maximum permissible dose 

for radiation exposure is to be set also for members of the general population, one 

has to recognize the inherent difficulties of the problem. It would be an easy 

task if it were restricted to purely scientific considerations, that is if the 

threshold theory were valid; but if the possibility exists that there may be harmful 

effects even at the lowest levels, the establishment of maximum permissible levels 

involves a balance between the risks and the needs or benefits of radiation exposure. 

In most cases neither the risk nor the benefit is known quantitatively. And even 

if both were known, it would be realized that the same level of risk might be 

associated with different benefits under different circumstances, and that it would 

therefore not be possible to arrive at any single limit. Despite this inherent 

difficulty some levels have to be set for practical purposes, and it is generally 

agreed that it is better to accept conservative tentative limits until more is known 

about radiation effects than to work in the confusion of mangy different decisions 

that would otherwise be arbitrarily made by different individuals. Such a tentative 

limit must, however, fulfil several basic requirements. It would be unreasonable 

to have a limit so low, in order to satisfy even the most pessimistic expectation 

of injury, as to require such enormous efforts and very high costs in radiation work 

as would be out of proportion with the results and with other sectors of human life. 

On the other hand, limits should obviously not be so high as to allow too great 

likelihood of an injury. It is necessary that recommended 1i +its be arrived at with 

caution and perspective. 
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The ICRP suggests that the genetically significant dose integrated over a 30 year 

period should not exceed five rems plus the lowest practical contributions from 

medical exposure, excluding contribution from the natural radiation.17 In a 

statement of 1959 the Commission adds a recommendation that individuals in the 

population should not receive annual doses higher than one tenth of the maximum 

permissible occupational doses, medical and occupational exposure excepted,18 

It is interesting to notice that in spite of the impossibility of making an appropriate 

balance, these recommended levels could not reasonably be changed very much in either 

direction, A reduction of the levels would make them small as compared to the 

variation in the natural radiation, An increase would only be justified if there 

are effective thresholds for all the biological effects that could be relevant. 

Whatever limitation is suggested for the average dose in_а population, it 

should not be applied to one single source of exposure, but apportioned over all 

sources. The ICRP states that the appropriate apportionment will depend upon 

circumstances which may vary from country to country and that the decision should 

therefore be made by the national authorities. The Commission has not wished to 

make any firm recommendation with regard to the apportionment of the 30 year genetical 

dose of five rems from all sources additional to the natural background and the 

lowest practicable contribution from medical procedures but, for guidance, has given 

the following apportionment as an illustration. 

Occupational exposure 1.0 rem 

Exposure of special groups (e.g. people 
living in the neighbourhood of 
installar,ions using radiation sources) 

Exposure of the population at large 
from external sources 

Exposure of the population at large 
from internal sources 

Reserve for future eventualities 

0.5 rem 

0.5 rem 

1.5 rem 

1,5 rem 

The most common of the radiation sources in every day use are watches with 

. luminous dials which contain radioactive substances and television receivers which 

emit soft X -rays, None of these sources contributes significantly to the average 

genetically significant dose, However, the range of quantity of radioactive material 
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in watches is quite wide; although a normal radium -containing watch contains legs 

than 0.05 јtg of radium, a few types may have one hundred times that quantity. 

The necessity of having this radioactivity in watches (woments watches are rarely 

radioactive) might be reconsidered. _s a general rule it is the amount of luminous 

paint in a watch rather than the radium concentration in the paint that varies; and 

the most highly radioactive watches usually have large dials with extra markings 

(e.g. skin diverse watches). The X -ray from television receivers can usually be 

screened off by very little shielding and most factories recognize this and do so. 

In some countries X -ray fluoroscopy is used for shoe fitting. This practice, 

unless it is carried out on medical indications by cаΡmpetent people, cannot be 

recommended because it involves considerable hazard both to the personnel and the 

customers. On this point the ICRP recommends: "The exposure of human beings to 

X -rays associated with shoe fitting should be limited to strictly necessary medical 

procedures. "20 . 

With regard to other non -medical exposures of human beings to X-rays. the ICRP 

states:20 "The non - medical exposures of human beings to X -rays, such as in "anti- 

crime" fluoroscopy should be avoided. If, in exceptional circumstances, such an 

examination appears to be essential it should be carried out under medical supervision ". 

Luminous paints containing radium frequently appear on the market in some 

countries for hobby work purposes. Radioactive brushes intended to remove dust 

from photographic films and phonograph records are also relatively common in many 

countries. Due to a restrictive policy with regard to the distribution of artificial 

radioactive substances from those centres where they are produced, the number of 

merchandise containg such substances seems fortunately to be somewhat limited. 

However, the use of radiostrontium in luminous paints for watch dials etc. has 

produced injuries. The use of natural radioactive substances such as radium seems 

to be less controlled, but creates a hazard, chiefly because of the possibility of 

internal contamination. 

5.5.2 Radioactive waste 

The problem of the disposal of radioactive waste from atomic energy establish - 

ments is subject to intensive study since it will essentially effect the cost at 

which atomic energy can be produced. The immense radioactivity of the spent fuel 
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elements rposes great 'difficulties, with regard to the ultimate disposal of such 

elements, especially since some of the most important radioisotopes (e.g. Sr90) have 

long half -lives. The aim of ultimate disposal is to place the material where it 

cannot expose anybody; consequently this material creates a potential hazard rather 

than being a cause of cohtinous exposure,. 

In the disposal of low -level waste in the form of liquid or solid material 

contaminated with fission products, the problem is more acute .since such waste will 

arise from most reactors and processing plants. In theory this waste can be purified 

to varioús degrees; in practice the limitation is the economic factor, The release 

of the waste into air •and water is usually restricted on the basis of the maximum 

permissible concentration in air and drinking water recommended by the ICRP. The 

contribution of these sources to the exposure of man is at present insignificant 

both as regards average and individual doses, It can be expected that international 

organizations which are studying these problems (e,g,, the IAEA, WHO, ТЛΡCSCEAR, ICRP 

Committee V on the Handling of Radioactive Isotopes and Disposal of Radioactive 

Waste, and others) will arrive' at agreement on principles which will give the 

public adequate protection even if the quantities increase considerably in the future. 

Wit1í regard 'ti the disposal of radioactive isotopes from laboratories and 

hospitals, recommendations on the best practices have.been given by several • 

bodies22' 39 -40 This disposal is not believed to cause significant contribution to 

human exposure;, however, appropriate precautions should be taken in connexion with 

maintenance work on sewage systems used for such disposal. Pubic Health 

authorities can play an important role in co-ordinating disposal by otherwise 

independent industries, hospitals, etc, within one area. 

5,6 Radioactive fallout from nuclear test explosions 

At a nuclear explosion fissionable material is converted into radioactive 

fission products, high -energy neutrons are liberated and an immense energy is 

released, The neutrons, which are 1berated both in the fission and in the fusion 

process, interact with atoms of elements that may be present and produce induced 

radioactivity. The types and amounts of radio-nuclides produced depend йpon the 

construction of the device, and closeness of the explosion to air, soil and water etc. 
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The heat of the fireball is extremely high, and most of the radioactive material is 

at the beginning in a gaseous state. If the released energy is in the megaton 

range,= the bulk of the activity is injected into the stratosphere even if the 

explosion is at ground level, but if the energy is in thekiloton range only, the 

activity remains in the troposphere. The height of the injection will influence 

the way in which the activity subsequently is spread round the earth before it is 

ultimately deposited onto the ground. 

Part of the radioactive material, especially large particles, will constitute 

local fallout. World -wide fallout of radioactive material from the troposphere is 

mainly due to wash -out by precipitation, and is completed within a few months. 

The deposit from such fallout tends to be distributed over a relatively narrow band 

at the latitude of the explosion but ranging around the earth since it takes only 

a few weeks for the active material to travel in the at^esphere an--and the globe. 

The mechanism of transport of material from the stratosphere down into the 

troposphere is not yet satisfactorily understood in detail. It is clear however 

that both the latitude and the height at which material is injected into the 

stratosphere affect the time it will take to be completely deposited onto the ground, 

and to some extent the latitudinal distribution. 

It is generally agreed that the fission products constitute a greater biological 

problem than the simultaneously induced radio -activity or residual fissionable 

material, However, while the genetic dose to a population from nuclear explosion- 

induced 
C14 

may be higher than the genetic dose from fission products hitherto 

released, the former is distributed over thousands of years while the latter is 

largely realized within a few decades. In fresh tropospheric fallout, short -lived 

isotopes such as 
I131 dominate. If tests are frequently repeated, medium -life 

isotopes, such as Sr89', Zr95, Ru103, 
Ru106and 

Ce144 will build up a temporary 

equilibrium in the environment, Old fallout which has resided for longer periods 

in the stratosphere will have lost its short -lived components, and the environmental 

contamination of fission products many years after tests is dominated by the remaining 

long -lived isotopes, Cs137 and Sr90. 

á 
The total energy released from a nuclear explosion is generally compared with 

the energy release by TILT- and a 1- megaton nuclear explosion is one which produces 
the same energy as the explosion of 1- megaton of ANT, 
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There is an apparent correlation between fallout and precipitation. Smallish 

areas with much rainfall tend to have high fallout deposits as compared to adjacent 

areas with little rain. The details of the transport of fission products from 

the soil (or from deposits on the leaves of plants) through the f oodehain is not 

completely understood. Such knowledge is, however, essential primarily for long- 

term prognosis, since the actual contamination of foods and humans can be measured 

directly. It is not always recognized that the extremely sensitive physical 

measuring devices which exist for measurements of radiation, permit the detection 

of quantities much further below what is known to be dangerous than is the case 

with most other types of toxic substances. 

A good summary of the present knowledge of the foodohain problems is presented 

in the report of the FAO Expert Committee on Radioactive Materials in Food and 

Agriculture which met in Rome in December 1959.41 

The recommendations of the ICRP are often taken to apply also to exposure from 

fallout from nuclear test explosions, and this is especially the case with the 

recommendations on maximum permissible concentration and body burdens of radioactive 

isotopes.19 However, the ICRP has never considered this problem explicitly. 

If the ICRP Recommendations were to be taken to cover also fallout exposure, 

the figures that might reasonably be interpreted to apply are, with regard to 

average dose, the suggested genetic dose of five rems per 30 years (discussed in 

section 5.5.1 of this documents) and, with regard to individual dose, one tenth of 

the maximum permissible occupational doses. These limits would have to be subject 

to the same qualifications as if they were applied to exposure of the public from 

other sources, i.e. one would have to recognize that the genetic dose of five rems 

per 30 years is envisaged to be contributed from all sources eхoеpt natural background 

and medical exposure, and the one tenth faotor relates to the individual dose rather 

á With regard to average somatic exposure the ICRP remarks(paragraph 66): "No 

specific recommendations are made at this time as to the maximum permissible 
"somatically" relevant dose to the population. However, it is expected that the 
maximum permissible limits of the individual total doses recommended will 

keep the average dose in any tissue at such a level that the injuries that could 
possibly occur in a population would be well within acceptable limits." 
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than the maximum permissible concentrations of what is taken into the body (a 

considerable additional factor of dose reduction is in some cases introduced if the 

one tenth factor is applied to intakes of radioactive substances rather than to 

estimates of the body burden of these substances). It would be appropriate here 

to quote paragraphs (17) through (22) of the ICRP 1958 Recommendations: 

1(I7) Planning• for the future expansion of nuclear energy programs and tie 
more extensive uses of radiation, requires measures intended to protect whole 
populations. Genetic damage is of greatest concern in this regard. The 
problem has been discussed by various national and international groups and 
tentаt vе suggestions have been made. The Commission considered the problem 
at=` its =1956 °meeting and later issued a statement in general terms. Нowever, 
recоmmeхdati s in quantitative terms are needed in the design of power plants 
and other radiatioзΡ installations and particularly in making plans for disposal 
of radioactive waste products. . It is of the utmost importance i.n'this 
сAnnecti ®п to make sure that nothing is done now that may prove to a serious 
hazard later, which cannot be corrected at all or will be very expensive to 
correct. The Commission is aware of the fact that a proper balance between 
i`isks and benefits cannot yet be made, since it requires a more quantitative . 

appraisal of °both the probable biological damage and the probable benefits 
tln.is presently possible. Furthermore, it must be realized that the factors 
influencing the balancing of risks and benefits will vary from country to 
country and that the final decision rests with each country (insofar as operations 
within one country do not affect other countries). 

(18) The Commission wishes to point out that it is important to assign 
quotas'of a m .mum'permissiЫe genetic dose to the different modes of 'exposure, 
in order to ma.1e. sure that those responsible for the control of exposure.. in 
one category do not take up a disproportionate share of the permissible total 

in their planning.' However, at this time it is deemed best not to assign 
rigid quotas. l s.a tentative guide an illustrative apportionment is appended 
to paragraph 65. 

(19) Briefly, the suggested limit for the genetic dose was arrived at in th'e 

follоwing manner: ;stimates made by different national and international 
scientific bodies indicate that a 'per capita gonad dose of 6 -10 rems accumulated 
from conteption to"age 30 from all man -made sources, would impose a considerable 
`burden on society due to genetic' damage, but that this additional burden may 
be regarded as tolerable and justifiable in view of the benefits that may be 
expected to accrue from the expansion of the practical applications of "atomic` 
°energy ". There is at present considerable uncertainty as to the 'magnitude of 
the-'burdеn (tee 'for example the report of the United Nations Scientif is 
Committee on the Effects of Atomic Radiation) and, therefore, it is highly 
desirable to keep the exposure of large populations at as law a level as 

practicable, with due regard to the necessity of providing additional sources 
of energy to meet the demands of modern society. A genetic dose of 10 rems 

- 'See 
. Aage 52. 
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from all man-made sources is regarded by most geneticists as the absolute 
maximum and all would prefer a lower dose, In some countries the genetic dose 
from medical procedures has been estimated to about 4,5 rems(see Report of 
Joint Study Made by ICRP -ICRU for the UN Scientific Committee) . Therefore, 
if the limit for the genetic dose from all man -made sources were set at б reams, 
the contribution from all sources other than medical procedures, would be 
limited to 1.5 rems in these countries, This would,inipose unacceptable 
restrictions on these countries, Accordingly., as a matter of practical 
necessity the Commission recommends that medical exposure be considered separately 
and that it be kept as low as is consistent with the necessary requirements of 
modern medical practice, The joint study of ICRP -I0RU indicates; that careful 
attention to the protection of the gonads would result in a considerable 
reduction of the genetic dose due to medical procedures without imрairment.of 
their value. In view of these considerations the Commission suggests a_ limit 
of 5 rems for the genetic dose from all man-made sources of radiation - and 
activities, except medical procedureso 

(20) At the present time the contribution to the genetic dose from all man - 
made sources (other than medical procedures) is small. With careful planning 
the rate of increase can be kept under control and the ultimate value ,of this 
contribution may never reach the suggested limit of 5 rems, Since the genetic 
dose from medical exposure in most countries is much lower than 4,5 rems and 
since in those countries in which it is high efforts are being made to reduce 
it, the total genetic -dose from all man -made sources actually received by the 
world population may be expected to be considerably less than 10 rems, perhaps 
even less than б rems in the foreseeable futures Furthermore, if a then. 
monuclear reaction can be utilized as a source-of power, the problems of 
radiation protection may be greatly simplified° 

(21) The Commission is aware that compliance with the new recommendations may 
entail structural changes in some existing installations and /or changes in 
operative procedures. Since in fact the new recommendations are more restrictive 
.because of the greater emphasis put 'on the dose accumulated over ,° long period 
of time, it is not essential that such changes be made immediately, although 
it is obviously desirable, As a practical guide it is suggested that the 
transition period during which the necessary changes would be made, 'should not 
exceed five years. ' 

(22) The Commission wishes to point out Again that the setting up of maximum 
permissible limit's of occupational and non -occupational exposure (especially 
the latter) requires quantitative information not yet available about the risks 
and benefits of an expanded use of "atomic energy" o For this reason the 
Commission will be glad to receive factual data and suggestions from t'h'ose 
concerned with the production or utilization of ionizing radiation, so that as 
much pertinent information, as possible may be availabl e to it in its future 
deliberations." 
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Neither the limitation of average or of individual dose recommended by ICRP is 

of such a nature that one would expect a sudden presence of risk which did not occur 

at lower levels. Rather, simply an increase of the probability of arty deleterious 

effect might be expected with the increase of dose. 

An example of a possible, although not authorized extension of the ICRP levels 

to contamination caused by fallout is seen in the Sr90 content of food, From the 

ICRP recommendations it can be concluded what maximum total daily dietary intake is 

implied by the maximumpermissible concentrations in drinking water, For an 

individual, where ICRP recommends one -tenth of the occupational level, the figure 

would be 220 µµc Srq° per day if no allowance is made f or external exposure, For 

planning purposes one might wish to make a number of such allowances and permit only 

some fraction of these 220 µµc Sг90 per day. However, such planning envisages a 

continuous life -long contamination, As soon as this provision is not valid there 

is no simple correlation between concentrations in food and actual tissue doses from 

the radioactive isotopes taken up by the body. In this connexion the ICRP states:18 

"The basis for the limits of permissible exposure of populations to' man -made 

sources of ionizing radiations is the dose received by the various organs of the 

body and not the ММ values, or other criteria by which the dose is controlled." 

For this reason, and because of the assumed proportionality between radiation 

exposure and possible risk, it would not be justified to interpret any fixed level 

of Contamination recommended by ICRP as a critical limit above which certain 

preventive measures have to be taken. It must also be realized that some preventive 

measures such as drastic changes in the dietary habits of a population may bring 

about substantial and unpredictable health risks both directly and through the 

etолΡomiе consequences. 

The physical aspect of the exposure from fallout may be summarized as follows. 

t comprehensive review of the subject is found in the 1958 UNSCEAR report, which 
V» however, published before it was realized that the stratospheric retention might 

be much shorter, at least for arctic tests, than had earlier been assumed on the 

basis of some evidence from equatorial tests, The fallout that has caused concern 

because of the contamination of food and human tissues has mainly originated in two 
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tests series, viz.. The Pacific tests in 1954, and the Arctiс tests in 1958. The 

total energy released through 1958 has been estimated as about 170 megatons out of 

which about 90 ms gatons were related to fission and the rest to fusion.42 One megaton 

of fission is generally considered to yield about 0.1 megacuries of Sr90; the most 
long -lived of the critical isotopes, and eventually the world-wide average deposit 

would be about mcSr90/62 per megaton of fission, although the actual distribution 

is non- uniform. 

The budgeting of released energy has no primary interest except for prognostic 

purposes, but it is helpful in the assessment of the significance of any single event 

to the world average exposure. A so- called "nominal" bomb, such as the bombs 

exploded during the war, is of the 20 kiloton size and therefore gives only one 

thousandth of the fission product release as the "superbombs" tested in 1954 and 

1958, although the distribution of the fallóut is very different. 

Q the time when the UNSСЕAR report was prepared it was believed, or at least 

assumed,, that the material once injected into the stratosphere would remain there 

for many years. The experience of the 1958 tests (although the geographical 

location and the season may have influenced the result), and the measurements carried 

out within the United States High Altitude Sampling Program indicate a much shorter 

retention in the stratosphere,42' 43 
and it is quite possible that most of the 

material is deposited within one year. 

5.6.1 External. exposure 

The external dose caused by gamma- radiation from the material deposited on the 

ground has gradually increased since 1954 and gave in many areas an additional dose 

rate of about 10 mrem per year in early 1959,43 caused by medium -life fission 

products. 

The UNSCEAR estimated that the dose rate over an infinite plane covered with a 

fallout deposit could be of the order of 2.5 -10 mrad per year assuming a range of 

deposit of medium -lived radioactivity of 50 -200 mC/km2. This range was assumed to 

apply as a world -wide average for 1957 -1958 and higher local values have been 

observed. The contribution from the long -lived isotope Cs137 was estimated to be 
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less than 1 mrem per year. To these infinite plane dose rates a factor of one 

tenth was applied to correct for the effects of weathering and shielding, with the 

result that the net external exposure was estimated at a dose rate of about 1 mrem 

per year. 

It should be realized that the Cs137 deposit, because of the long half-life of 

this isotope, might give rise to a higher 30 year genetic exposure than the shorter - 

lived isotopes even if the latter at present give a higher dose -rate. This is, 

however, provided that the long term weathering effect is small. 

Local high dose rate can occur in the vicinity of test areas even if the 

device tested is comparatively small. The heavy particles in the fallout material 

will be deposited quite near the test site because of gravitation. 

5.6.2 Internal exposure 

With 

bone from 

be caused 

30 years. 

the exception of exposure of the thyroid from iodines and exposure of 

Sr in fresh fallout, the internal exposure from fallout is believed to 

mainly by Sr90 and Сs137 which both have radioactive half -lives of about 

Sr90 also has a long biological half-life (mаnyy years) but 
0s137 

3,s 

fairly rapidly excreted from the body (biological Т1 140 days). 

It is clear that these isotopes can be introduced into vegetation by way of leaf 

deposits as well as root uptake, although it is known that Sr90 can be taken up by 

the roots of plants and that Сs137 is poorly taken up by the roots. The fact that 

the ratio Cs137 /Sr90 is fairly constant for one and the same food (e.g. milk, beef) 

over long periods of time and in different parts of the world seems to indicate that 

the leaf adsorbtion is at present dominating. The spring and summer of 1960 are 

expected to reveal whether this is true, since, if the fallout rate will be almost 

zero because the last big stratospheric injections were made in 1958, little 

radiосаеs.um would beexpесted in the new vegetation and a marked change in the Сs137/ 

Sr90 ratio as well as a much decreased Cs137, conr•antration in food would indicate 

leaf adsorbtion for Cs137, and reveal to what extent Sr90 is taken up by the roots. 

The Cs137 is distributed through the soft tissues and contributes both to the 

gonad and marrow exposure because of its penetrating gamma -radiation. The Cs137 

body burden can be measured directly by whole body gamma- radiation counters, and its 
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contribution to the genetically significan : dose during the last few years has been 

estimated between 1 -2 mrad per year. The Cs137 dose to the marrow is approximately 

the same. 

The Sr90 is preferentially deposited in bone and therefore exposes the osteocytes 

and adjacent marrow, The Sr90 concentration in human bones is being measured in 

various laboratories, and is found to be highest in children. This is because they 

have less uncontaminated calcium in their skeletons to dilute the 5x90. In adults 

on the other hand the Sr90 concentration in the total mass of bone is much lower, 

and the Sr90 dose rate to the marrow is even lower than that from Cs137. Should 

there be continued contamination of the environment, however, the Sr90 would be 

expected to give the higher life -time exposure to the marrow, The present annual 

marrow dose for young children is of the order of a few mrem,44 

According to the above, the dose rates from fallout are small compared to the 

variations from place to place in the natural radiation. The quality of radiation 

is the same, but the fission products include some very rare elements and it is not 

yet known for certain whether these might have any special significance although 

there is no evidence whatsoever to support such assumptions. In the vicinity of 

tests sites the possibility y remains that unfortunate weather conditions might 

bring about dangerous fallout levels, as occurred on the Marshall Islands in 1954. 

The occurrence of single particles of high individual activity in fresh fallout may 

also be of some importance because of the localized "hot spot" tissue exposure these 

particles might give rise to if deposited in the lungs. 

6 COMMENT 

Possible biological effects of low level exposure in the range of normal back - 

ground radiation can perhaps never be verified by observations on humans unless it 

can be shown that there is a high threshold so that any effect observed must be 

correlated to a previous high exposure, 

This can be illustrated by the possible induction of leukaemia by radiation. 

The annual natural occurence of leukaemia is of the order of 50 cases per million 

persons. According to many, and based on a non - threshold dose -effect relation, 
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about one tenth of these might be assumed to be caused by radiation. If the annual 

radiation were increased by a factor of two, the incidence of leukaemia would 

therefore increase from 50 to 55 cases per million. Tо have satisfactory confidence 

that such an increase was real, one would have to study a population of several 

millions. However, this is on the assumption that one can trust that no other 

variable factors affect the leukaemia incidence and this is extremely unlikely. 

It is known that the frequency of leukaemia at present increases about 2 -7 per cent. 

each year in most countries, see Table XXVII. Against this varying background it 

is even more hopeless to make any conclusive observations on the possible correlation 

of leukaemia induction to low level radiation exposure. 

Provided that a non -threshold dose -effect relation is valid, any increment in 

the radiation dose to which a population is exposed might, however, result in a 

number of severe injuries, e.g, leukaemias and genetic injuries, even if these are 

not obвΡervable agáinst the background of natural incidence. A very low incremental 

dose, which might cause a very small fractional increase in the incidence of an 

injury, the frequency of which is low, might be expected to result in á substantial 

number of injured persons if the effect is calculated for the whole population of the 

earth. Prudence and common sense would say that a high number of injuries would 

always be a severe effect irrespective of the size of the population in which they 

occur. Since balanced concern with regard to all sources of exposure is the 

obvious aim of broad radiation protection work, it is important to study what 

reductions in exposure would most significantly reduce the integrated exposure of 

man and hence the integreted deleterious effects that might occur in the population. 

Some guidance as to the maximum degree of deleterious effects that could possibly 

be caused by a given radiation dose is given by the relation between the average 

natural radiation dose and the natural incidence of specific effect (such as genetic 

injury or leukaemia) on the assumption that this effect is caused by no other agent 

than the natural radiation. This is in most cases known to be an over -estimate of 

the risk since many agents such as chemicals, heat, etc., are known to produce long- 

term effects similar to those of ionizing radiation, 



TABLE XXVII. ANNUAL REPORTED DEATH RATE OF LEUKEMIA AND ALEUKEMIA PER MILLION OF TOTAL POPULATION45' 
46 

USA 

white 

USA 

non- 

white 

Canada Japan Australia German 

Fed. 

Rep. 

Denmark France Italy Norway 

. 

England 

and 

Wales 

Nether- 

lands 

Switzer- 

land 

Sweden 

. 

1.930 

1935 
. 

1940 30 31 48 20 28 25 42 38 31 

1945 33 33 58 18 24 35 30 32 39 44 

1946 . 37 35 52 20 24 45 33 37 48 45 

1947 39 11 43 57 22 26 45 34 38 48 54 

1948 39 12 46 29 58 29 28 44 33 45 48 49 

1949 45 14 43 34 62 32 29 53 39 41 45 55 

1950 62 31 46 15 45 37 59 36 33 51 42 45 51 54 

1951 64 33 46 16 45 42 62 39 33 • 60 44 44 52 6о 

1952 66 36 46 17 49 45 64 44 37 57 J6 53 52 62 

1953 66 35 .53 19 52 47 69 48 40 65 48 53 54 64 

1954 68 38 51 21 43 50 71 52 42 68 49 52 56 66 

1955 70 35 54 23 50 52 72 53 44 62 50 52 50 67 

1956 52 2k 74 58 52 55 
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АР'ENDIX A 

SOME PERTINENT STATEMENTS AND RECOMMENDATIONS ON 
RADIATION PROTECTION MEASURES IN MEDICAL RADIOLOGY 

The following is quoted from the report of the ICRP /ICRU Joint Study Group on 
24 

Gonadal Exposure: 

°Protection of patients 

General rules 

Ву X -ray protection of the patient it is meant that the radiation exposure 
of the patient should be reduced as much as is compatible with successful 
diagnostic investigation or therapeutic treatment. In the case of non -malignant 
diseases, therapeutic treatment shall be employed with caution. In all 

therapeutic and diagnostic exposures, the integral dose should be kept as low 
as possible in order to protect the patient as much as.possible from the 
radiation. MoreoveГ, for this purpose, the tube -current, or the mAs value, 
and the number of examinations should be kept to a minimum. An automatic 

timer should indicate the length cf the diagnostic or therapeutic exposure. In 

all diagnostic investigations, the beam that strikes the patient should have 
a cross -section no larger than is essential, for the investigation. This is of 

particular importance in fluoroscopy. In all irradiations the gonads should 

be protected as much as possible by collimation of the beam or by protective 
screens. In the case of children, it is important, in view of the little 

known action of radiation on growing tissues, to be cautious about repeating 
diagnostic examinations and to avoid too frequent systematic examinat °.еns of 

the whole of the body. 

Exposure in diagnostic examinations 

For ease and clarity in the consideration of exposures received in diagnostic 
work, it is recommended that tables be set up giving doses for radiography and 
fluoroscopy of lung, stomach, intestines, etc. Integral dose should also be taken 
into account as it gives a much clearer picture cf the true exposure. Special 
attention should be given to the possible hazards to pneumothorax patients who, 
as a result of the many screenings after oach inflation, may receive large 
doses. The screenings should be replaced in part by radiographs. 

Radiation certificate 

In view of the continually increasing medical and technical use of ionizing 
radiation, it is desirable to accumulate information regarding the doses 
received both by individuals and by the population as a whole. As far as the 

individual is concerned, the information could be obtained by the introduction 
of a certificate in which are recorded details of all radiation exposure 
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(medical and occupational) received through life. Probably it is impracticable 

to introduce such a certificate at present, but it is recommended that all 

radiologists and dentists keep records of the doses given, and the field sizes 
and radiation qualities used, in all diagnostic procedures. (It is presumed 
that such records are already available in the case of therapeutic procedures.) 

2. Recommendations regarding the following items are under consideration 

(a) The provision of specially designed protective devices for the 
gonads of patients. 

(b) Additional recommendations regarding minimum film -focus distances. 

(c) Increasing the protective requirements for diagnostic and 
therapeutic tube housings. 

(d) Improvements in beam collimation. 

(e) The provision of permanent filters of at least 2 mm Al equivalent 
on all diagnostic X -ray tubes. 

(f) The advantages of using high voltage techniques for diagnostic work. 

(g) The provision of exposure counters on all diagnostic equipment. 

(h) The use of image intensifiers to reduce the dose to the patient, 
and consequently to the operator, rather than as a means of permitting more 
extensive and polonged fluoroscopy than hitherto." 

UNSCEAR, in their 1958 report, 
2 

made th. following statement: 

"78. It seems likely that the present exposure per examination during 
diagnostic procedures can be reduced considerably, without detriment to their 
value, by adopting methods of the type recommended by the International 
Commission on Radiological Protection. Future technical improvements in X -ray 
equipment and auxiliary devices may also result in reduced exposure per 
examination, if their use does not invite more extensive examinations. 

79. A reduction in dose might be achieved by a further consideration 
by the medical profession of the circumstances in which X -ray diagnosis is 

appropriate. This could be facilitated by statistical information on the 

importance of each examination class for the reduction of any specified morbidity. 
Administrative co- ordination between authorities who require that certain 
examinations be made in the routine health surveillance of whole populations 
or special groups, such as schoolchildren, students, employees, could will be 
improved. 
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80. Whilst much of the foregoing discussión relates to population 
exposures, it must be noted that high individual doses may be incurred during 
particular X -ray diagnostic procedures especially where poor techniques are used." 

The International Commission on Radiological Protection in the report of their 

Committee III on Protection against X -Rays up to Energies of 3 MeV and Beta - and 

Gamma -Rays from Sealed Sources20 give recommendations on equipment and operating 

conditions for X -ray medical diagnostic installations, and also present the following 

recommendations relating to the protection of the patient: 

"(165) The exposure of the patient shall be reduced to the lowest value 
that is compatible with successful diagnosis or therapy. In all diagnostic 
and therapeutic irradiations, every effort shall be made to keep the gonad, 
skin and integral doses as low as possible consistent with clinical requirements, 
and advantage should be taken of any improvements in techniques which would 
reduce the exposure. 

(166) Scattered radiation from the collimator and filter assemblies 
should be minimized. 

(167) Manually reset cumulative timing devices should be used in all 
fluoroscopic examinations. 

(168) The fastest film or film -intensifying screen combination consistent 
with the desired radiographic objectives should be used. The photographic 
processing technique should be chosen accordingly. 

(169) Highly sensitive fluorescent screens should be used. 

(170) Image intensifiers should be used to reduce the dose received by 
the patient rather than to permit more extensive and prolonged fluoroscopy than 
otherwise or to eliminate the need for the dark adaptation of the operator. 

(171) Consideration should be given to using high -voltage techniques in 
diagnostic radiology when the gonads are in the useful beam, to increasing 
the focus -film distance, to limiting the use of stationary and movable grids 

and to introducing improved techniques where appropriate, for example, 

simultaneous multi- section tomography. 

(172) The cross section of the useful beam should be limited to the 
minimum dimensions necessary. 

(17)) Whenever possible the patient should be positioned so as to 
exclude the gonads from the useful beam and to minimize the stray radiation 
received by them. 
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(174) The gonads should be protected when practicable by means of local 
shielding. 

(175) Contact radiography is dangerous and should be avoided whenever 
possible. 

(176) Special precautions should be taken in the irradiation of 
children and pregnant women. 

(177) Consideration should be given to the protection of patients 
awaiting examination.1 

1 
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APPENDIX B 

GLOS$ARY of TECHNICAL TERMS 

Alpha rays are helium nuclei emitted with 
definite and characteristic energy by the 
nuclei of some radioisotopes in the process 
of radioactive disintegration. Because of 
their relatively small velocity, and because 
they are charged, they produce very dense 
ionization along with their paths, and 
their range or penetration in matter is 
consequently small. Practically none is 

known with a range greater than 0.1 mm in 
tissue. 

Beta rays are high -speed electrons emitted 
by the nuclei of certain radioactive isotopes. 
Being charged particles they produce 
ionization directly in matter through which 
they pass. They have a much greater range 
than alpha rays and, because of their 
greater speed, they produce much less dense 
ionization. Few isotopes emit beta 
particles of maximum range greater than 
2.0 cm and none of range greater than 8 cm 
in tissue. 

Ionizing rays entering the earth's atmosphere 
• from unidentified extra- terrestrial space 
and resulting in the presence of photons, 
electrons, neutrons, mesons, etc., by 
collisions with atoms in the atmosphere 
and by radioactive decay. 

A unit of radioactivity defined as the 
quantity of any radioactive nuclide in which 
the number of disintegrations per second 
is 3.700 x 1010. Denoted by o. 

Microcurie ( !r!с ): 1/1 000 000 curie 

Millicurie (me): 1 /1000 curie 

Megàc.urie: 1 000 000 curies 

Any radioactive substance, such as radium 
or an artificially produced radioisotope, 
ehanes at a characteristic rate by 
radioactive decay to another element with 
emission of radiation; in the ease of radium 
the decay Is to radon, and then through a 
series of other radioactive substances to 
stable lead. 



The splitting of the nucleus of an atom; 
this is associated with the liberation of 

nuclear energy and the formation of two 
or moré fragments which are the nuclei of 
the resulting "fission products "; the 

fission products are usually radioactive. 

The merging of two light elements, such 
as hydrogen, to form a heavier element 
with the release of energy. 

Gamma rays are electromagnetic radiations 
emitted by the nuclei of some radioactive 
isotopes; they have energies which are 
characteristic of the radioisotope by which 
they are emitted. Since they are not charged 
particles they ionize matter indirectly 
through ejection of high -speed electrons 
from the material in which they are 
absorbed. The energy of these electrons is 

then dissipated by interaction with the 
medium. Because the attenuation of the 
primary gamma rays is relatively small, 
these electrons may be ejected at a consider- 
able depth in tissue; each electron then 
dissipates its energy within a short distance 

(from less than a millimetre to a few centi- 
metres depending on its energy) of its point 
of origin. No definite range can be given 
for gamma rays since they penetrate any 
thickness of matter but with progressively 
decreasing intensity. 

A measure of the rate of radioactive decay, 
viz, the time taken for the amount of a 

radioactive substance to decrease to half 
its initial value; each radioisotope has 
a characteristic half -life. 

Electromagnetic radiation (X -ray or gamma - 
ray photons or quanta), or corpuscular 
radiation (alpha particles, beta particles, 
electrons, positrons, protons, neutrons 
and heavy particles) capable of producing 
ions in the matter through which it passes. 
An ion is an atom or group of atoms having 
a charge of positive or negative electricity. 



isotope 

mutation 

neutron 

rad , 

radioactive 
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One of several nuclides (atoms) having the 
same number of protons in their nuclei and 
hence being forms of the same chemical 
element and occupying the same position in 
the periodic table, but differing in the 
number of neutrons contained in the nucleus 
and therefore in mass number and in energy 
content. 

A character in the genetic constitution of 
a cell or individual unaccounted for by the 
contributions of the father and mother. 

Neutrons are normal constituentв of 
atomic nuclei, from which they are ejected 
during processes such as fission. Because 
they are uncharged, they cannot produce 
ionization directly, but do cause ionization 
indirectly. 

The rad is the unit of dose in the sense 
of absorbed energy. One rad is equal to 
an energy absorption of 100 ergs per gram 
of irradiated material. Unlike the roentgen, 

it is applicable to any ionizing radiation. 
The tissue dose in rads is the primary 
determinant of biological effect. 

Millirad (mead); 1/1000 rad. 

Describes substances, like radium or artifici- 
ally produced radioisotopes, which undergo 
radioactive decay and which emit ionizing 
radiations. 

radioisotope Any radioactive isotope of an element and 
a synonym for radionuclide. 

radionuclide A radioactive nuclide. 

The Relative Biological Effectiveness of an 

ionizing radiation depends upon the type 
of radiation and the particular biological 
process being observed; it may also vary 
with the rate and level of radiation dose 
delivery. The RBE appears to be associated 
primarily with the linear energy transfer 
along the path of the ionizing particle. 
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RHE (continued) 

rem 

roentgen 

stratosphere 

troposphere 

Conventionally, X -rays and gamma rays of 
certain energies are used as reference 
radiation, i.e. have RAE equal to unity. 

If, for certain processes, the RBE of alpha 
rays is taken to be 10, this implies that, 
for these processes, an alpha ray dose of 
one -tenth rad will produce the same degree 
of biological effect as an X -ray dose of 
one rad, even though the energy absorption 
is only one -tenth as great. 

Short for Roentgen Equivalent Man. It is 

convenient to have a unit of dose biologically 
equivalent to the rad, i.e. taking RBE into 
account. This unit is the rem, defined 
by the relation 

Dose in rem = dose in rad x RISE 

Millirem: 1/1000 rem. 

The roentgen is the unit in which exposures 
to X -rays or gamma rays are expressed. It 

is defined and measured in terms of the 
ionization produced in air under specific 
conditions. It is thus a unit of exposure 
and not of absorbed energy. As defined, it 

cannot be applied to radiations other than 
X -rays or gamma rays. 

The layer of atmosphere lying above the 
troposphere, in which the temperature 
ceases to fall with height, remaining constant. 

Layer of atmosphere extending about seven 
miles upwards from the earth`s surface, 
in which temperature falls with height. 



PHYSICAL DATA FOR SOME RADIOACTIVE NUCLIDES 

Symbol 

C14 

Decaying to N1 
4 

К40 

Decaying to Cа40 

Ra226 

Decaying to: 
X222 

Po218 
X214 

Bí214 

Po214 
Sp210 

Bí210 

Po210 
206 

Sr90 

Decaying to: Y90 

Zr 

с 
137 

1131 

Decaying to 
137 

Decaying to Xe131 

Name 

Carbon -14 

Nitrogen -14 (stable nitrogen) 

Potassium -40 

Calcium -40 (stable calcium) 

Radium -226 

Radón (gas) 

Polonium 218 or Radium A 

Lead -214 or Radium B 

Bismuth -214 or Radium C 

Polonium -214 or Radium C' 

Lead -210 or Radium D 

Bismuth -210 or Radium E 

Polonium -210 or Radium F 

Lead -206 (stable lead) 

Strontium -90 

Yttrium -90 

Zirconium -90 (stable zirconium) 

Caesium -137 

Barium -137 (stable barium) 

Iodine -131 

Xenon -131 (stable xenon) 
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Half -life 

5600 years 

1.3 x 109 years 

1600 years 

3.8 days 

3 minutes 

27 minutes 

20 minutes 

0.00015 seconds 

22 years 

5 days 

140 days 

28 years 

64 hours 

30 years 

8 days 
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