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NOTE

Throughout the present report and the annexes thereto, references to the
annexes are indicated by a letter followed by a number : the letter denotes the relevant
annex and the number the paragraph therein. Within each annex, references to its
scientific bibliography are indicated by numbers.

Symbols of United Nations documents are composed of capital letters com-
bined with figures. Mention of such a symbol indicates a reference to a United
Nations document.
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I. Introduction

1. This annex deals mainly with information and data
on radiation doses to individuals and populations as a
result of exposure to ionizing radiation of :

(a) Patients undergoing medical radiological pro-
cedures—medical exposure;

(b) Workers as a consequence of their work—occu-
pational exposure;

(¢) Persons from miscellaneous man-made sources
and abnormal exposure to natural radiation, when the
exposures do not belong to (@) or (b)—other exposures.

2. The term “medical exposure” is taken to apply to
all types of exposure (except occupational) resulting
from radiation administered by radiologists, general
practitioners, dentists, obstetricians, osteopaths, chiro-
practors, etc.
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3. The term “occupational exposure” is, in the present
annex, taken to apply to all activities involving exposure
of workers to ionizing radiation in the course of their
work, regardless of whether the workers are directly en-

ged in radiation work or not.?

4, Data concerning radiation doses to specific organs
and tissues, and to the whole body may be used for the
purpose of :

(8) Risk estimates; this implies adequate knowledge
of the dose-effect relationship;

(b) Education, which, by presenting comparative
data, might result in 1mproved standards of operation
and a reduction of doses;

(¢) Guiding epxdem.\ological studies.

5. The concept of significant dose for the evaluation
of a specific biological risk was considered by the Com-



mittee in its 1958 report (chapter II, para. 26)* in the
following way:

“Any specific biological effect of irradiation must
be evaluated from physical factors such as the dis-
tribution of tissue dose (expressed in rem) in space
and time and from biological factors such as radio-
sensitivity, latent period, recovery and repair. The
simplest situation is that in which a dose-effect rela-
tion for a biological effect is known, making it possible
for the probability or degree of this effect to be cal-
culated. Whether the effect eventually may manifest
itself in the form of deleterious consequences, how-
ever, depends on individual circumstances such as ex-
pectation of life, or, in the case of genetic injury,
expectation of children. For this reason, the potential
effect indicated by a direct application of an assumed
dose-effect relation must be weighted according to
these individual circumstances.”

As has been pointed out earlier in the present report,
quantitative risk estimates presuppose assumptions re-
garding the dose-effect relationship. As long as the true
mode of dose-effect relationship is not known, any use
of the presented dose data for risk estimates must be
made with the recognition of the necessary assumptions
and the awareness of the uncertainty of the result. In
any circumstances only comparative risk estimates may
be made on the basis of the presented data and they
should be limited to considerations of exposures to the
same organs or tissues.

6. The present annex deals with the following types
of radiation dose:

(a) Genetically significant dose;
(b) Mean dose to the active bone-marrow ;
(¢) Doses to organs and tissues of special interest,

Data on radiation exposure to the gonads are presented
using the accepted definition of the genetically significant
dose (para. 9) with the intention that they may be used
for comparative risk estimates of the radiation-induced
genetic effect, following the procedures outlined in the
1958 report. However, in the cases of radiation expo-
sures to the bone-marrow and to other organs and tissues
of special interest the data are not given with the inten-
tion that they be used for risk estimates but for educa-
tional purposes and as a guide for epidemiological studies
as mentioned in paragraph 4 above. Medical exposure
is dealt with in paragraphs 7-99, occupational exposure
in paragraphs 100-116 and other exposures in para-
graphs 117-126.

II. Medical uses of ionizing radiation

7. Medical exposure arises from the following types
of procedures:

(a) X-ray diagnosis;

(b) Radio-therapy by X-rays and sealed radio-active
sources;

_(¢) Administration of unsealed radio-isotopes for
diagnostic, therapeutic and research purposes ; radiation
exposures also result from the use of contrast media
containing radio-active materials, e.g. thorium dioxide,

8. Data on the frequencies of radiological procedures
in various countries and areas are presented in tables I,
II and ITI. The frequency figures are obtained as the
annual number of procedures per 1,000 individuals of
the population under study:
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(@) TableI deals with X-ray diagnosis. Although the
frequencies are based on sample studies, nine of the
twelve countries which had carried out comprehensive
surveys had similar amounts of radiography and fluoros-
copy (excluding mass surveys and dental exposures).
Their annual frequencies range between 260 and 410
examinations per 1,000 individuals. The frequency fig-
ures in the cities tend to be higher than those based on
the whole country, not only because cities usually have
more X-ray facilities, but also because many patients
are examined there without being residents of the city
itself or the surrounding suburban area.

(b) Table II, which sets out the frequencies of cases
treated with X-rays and sealed radio-active sources,
shows large differences between the various countries
and areas.

(¢) Table III gives the frequency of the administra-
tion of radio-active isotopes to cases for either diagnostic
or therapeutic reasons. The number of patients under-
going diagnostic procedures is four to ten times higher
than the number undergoing therapeutic procedures. The
table also gives the annual consumption for medical use
of 1%, P32 and Au?®8, The contribution to the amounts
of radio-active isotopes from the diagnostic use may be
disregarded, as compared to the amounts used for thera-
peutic purposes. The information usually originates
from the distributors. The figures given for the amounts
should be regarded as maximum estimates in view of
the disintegration of the radio-active isotopes in transit
and because the total amount of requested isotopes may
not have actually been used for medical purposes.

THE GENETICALLY SIGNIFICANT DOSE
Definitions and calculations

9. In the 1958 report the genetically significant dose
was defined (chapter II, para. 27) as

.. . the dose which, if received by every member of
the population, would be expected to produce the same
total genetic injury to the population as do the actual
doses received by the various individuals”.

This definition was based upon the following assump-
tions and considerations:

(@) The relevant tissue dose is the accumulated dose
to the gonads;

(b) The dose-effect relation is linear, without a
threshold :

(¢) The individual gonad dose is weighted with a
factor which takes into account the future number of
children expected of the irradiated individual compared
with an average member of the population (in this con-
nexion the foetus is treated as such an irradiated in-
dividual and not as a child to be expected).

10. Evidence has lately been obtained that although
the dose-effect relation for the production of most genetic
damage might be linear at any given dose-rate, it has
a lower slope for low dose-rates than for high ones.
(C, 84-87) There are also indications that the genetic
damage to future generations at any given dose or dose-
rate may differ with sex and with the cell-stage of a
gamete, depending on a difference in the radio-sensitivity
of the male and female gametes and on a difference in
the possibility of transferring the damage to future gen-
erations, This means that the weighting of the individual
gonad dose should, in addition to the factor for future
number of children, include weighting factors for the
dose-rates to the gonads and for the difference both be-



tween the sexes and the cell-stages. Since these new
weighting factors are not yet known, it is not possible
to incorporate them in the calculation of the genetically
significant dose.

11. It is still justifiable to use the formulas for the cal-
culation of the genetically significant dose as they were
presented in the previous report. The derivations of these
formulas are therefore repeated in the appendix.*

12. Awvailable information on genetically significant
dose and its parameters is given under the heading
“Data’”’, with the following subdivisions: X-ray diag-
nosis ; radio-therapy by X-rays and sealed radio-active
sources; administration of radio-active isotopes.

Data

13. During the last few years many investigations
have been performed to determine the genetically sig-
nificant dose arising from medical exposure, Though
most of these were performed along the lines presented
in the appendix, using either formula 8 or 11 for the
calculations, the sampling techniques and the modes of
measurement or estimation of the gonad doses vary.

~ Because of this, short explanatory statements of the in-
v;stigations presented are given below in paragraphs
17 to 30.

X-ray diagnosis

(a) National surveys

14. Tables XVIII and XIX present the average gonad
dose for each of the ten most significant examinations
for each of the countries submitting information, with
the reservations of paragraph 15. Table X VIII gives the
values for examinations of male patients and table XI1X
the information for female patients. Table XX presents
the values for the foetal gonad dose during examinations
of the obstetric abdomen and pelvimetry. Only the Fed-
eral Republic of Germany (Hamburg) and the United
Kingdom presented separate values of foetal gonad doses
for the other examinations. Some countries assumed
that the foetal gonad dose was the same as the female
gonad dose for these other examinations. The variation
in the values shown in these tables demonstrate that for
any one examination a wide range of gonad doses may
be obtained. This is due to varying techniques, for ex-
ample the amount of fluoroscopy carried out as part of
an examination and the size of the incident skin fields.
Reductions in both of these will greatly reduce gonad
dose in an examination. Table XXI presents the total
genetic dose contribution for each examination for each
of the countries submitting information. Similarly, table
XXII gives the same information but presented as the
percentage of the total genetic dose of each country,
whilst the totals are summarized in table X XIII,

15. Further details of the genetic dose computations
and data for each country may be obtained by reference
to the national tables presented as tables IV-XVI. In
these tables the ten types of examination which con-
tribute most to the genetically significant dose originating
from X-ray diagnosis are set out in descending order of
their contribution. All other types of examination are
presented as a2 whole. As an exception to this principle,
the two types of obstetrical examination, e.g., pelvimetry
and obstetric abdomen, are always individually pre-
sented, although their contribution to the genetically sig-

* Although, for editorial reasons, the pertinent paragraphs
are not directly quoted, they are substantially a quotation from
the Committee’s 1958 report, annex C, para. 6-17.

nificant dose does not always justify this. They are then
placed at the bottom of the table, replacing the ninth and
tenth types of examination. It should be mentioned that
although the genetically significant dose is referred to
as the “annual” dose, the validity of the figures is limited
to the year or years to which the surveys relate.

16. The doses to the gonads and the annual genetically
significant doses are presented in mrem. The dose-rates
being the dose averaged over the exposure time are pre-
sented in mrem per sec and for the purposes of this
annex it is assumed that for X-, 8- and y-radiation 1 r
corresponds to 1 rad and to 1 rem.

17. Argentina (Buenos Aires). Table IV is based on
a report by Placer.* His investigation is limited to radio-
graphy. Studies on the numbers of different types of
radiographs and their distribution by sex of the patients
radiographed were undertaken in a total of eighty-six
hospitals and medical centres. The dose measurements
were made with ionization chambers and film badges at-
tached to the skin of the patients. Depth dose data were
used for computing the gonad doses. The genetically
significant dose was calculated from formula 11. The
mean age of child-bearing was set as thirty. It should be
emphasized that Placer's report deals with numbers of
radiographs and not examinations. An estimate of the
contribution to the genetically significant dose caused by
radiography in private clinics and practices has been
made, assuming the distribution of the radiographs in
various types of examination to be the same as in the
hospitals.

18. Denmark. The figures presented in table V are
taken from the investigation published by Hammer-
Jacobsen.® The figures on the numbers of various types
of examination are based upon a sample inquiry. Infor-
mation on sex and age distribution of the patients was
obtained from a special study on 139,000 examinations.
Measurements on the doses to the gonads were made
with ionization chambers on 2,475 patients during the
actual course of examination. Data on doses to the foetus
were obtained by measurements in a phantom. The genet-
ically significant dose was calculated by means of for-
mula 8 in the appendix. The fertility factors used were
calculated from the official vital statistics of the popula-
tion.

19. Federal Republic of Germany (Hamburg). The
data in table VI are taken from the investigation pub-
lished by Holthusen, Leetz and Leppin.® The genetically
significant dose was calculated by means of formula 8,
Information on the number of examinations of various
types, subdivided by sex and age of the patients, was
collected by means of questionnaires, compiling all ex-
aminations during the period from November 1957 to
October 1958. Measurements were made on the gonad
doses to adults in the course of examinations belonging
to the types which were expected to give the highest
contribution to the genetically significant dose. In addi-
tion, gonad doses to children and to adults were taken
from an investigation made by Seelentag.” The figures
for dj in table VI are, according to the original paper,
mean figures including all age groups. They were ob-
tained by means of formula 8 after the detailed calcula-
tion of the annual genetically significant dose had been
made. The fertility factors were computed from the
official vital statistics of the population. For comparative
purposes figures are presented for the annual genetically
significant dose using formula 11 and a figure for the
annual per capita dose for the whole population, dis-
regarding fertility factors.
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20. France. Table VII is based upon data published
by Reboul et al.#** The sample study of the number of
different types of examinations and their subdivision
with regard to sex and age of the patients, was performed
in Bordeaux during 1957, and comprised 36,000 exami-
nations. By means of the records of the Sécurité sociale
the results obtained from the sample study were extra-
polated to cover the whole of France. Measurements of
the gonad doses were made during the examinations.
For the female patients, the ionization chambers were
placed on the skin at the level of the ovaries. The factors
for the ratio of ovary dose to skin dose were determined
by measurements in cadavers and phantoms. The genet-
ically significant dose was computed with the use of
formula 11.

21. Italy (Rome). Table VIII is based on an inves-
tigation published by Biagini, Barilla and Montanarza.?*
The numbers of examinations of various types, sub-
divided by sex and age of the patients, are based upon a
year-long study of the number of examinations per-
formed in certain selected hospitals and clinics. A special
correction was made, to exclude the examinations on
patients who were not residents of Rome. Using ioniza-
tion chambers the authors arrived at gonad doses through
measurements in a phantom and in patients during the
examinations. In order to account for the variations in
the gonad doses as a consequence of differences in tech-
nique and physical parameter, figures on gonad doses
were obtained as mean figures from pertinent data
presented by ten authors. The genetically significant dose
was calculated from formula 8. The fertility factors were
computed from official vital statistics of the population,

22. Japan. Table IX is based upon data from a Japa-
nese report.’® This investigation is based upon two
sample studies, the first covered seven districts compris-
ing around 80,000 examinations and the second was
representative of the whole of Japan, in which details of
66,000 examinations were obtained. The sample studies
for the collection of numbers of examinations lasted for
one week each. During this period, information was also
obtained on the sex and age distribution of the patients.
The gonad doses to adults and children were obtained by
measurements with ionization chambers in body-shaped
phantoms. The influence on the gonad doses as a con-
sequence of variations in physical parameters was in-
vestigated. No measurements were made of doses to the
foetal gonads. Fertility factors were determined from
official statistics. The genetically significant dose was
calculated according to the principles set out in formula 8,
The contribution to the genetically significant dose from
the exposure of foetal gonads was computed only for
obstetrical examinations.

23. Netherlands (Leiden). Table X presents data ob-
tained from Beekman and Weber.*®* The numbers of
roentgen examinations of various types are based upon
a study of the records from 30,000 examinations. In-
formation on sex and age distribution in different types
of examination was also collected. The gonad doses were
obtained from measurements with ionization chambers
in a body-shaped phantom. The influence on the gonad
doses was studied in relation to variations in examination
techniques and physical dose parameters. The figures
presented for gonad doses are averaged with regard to
the existing ranges of techniques and parameters, The
annual genetically significant dose was calculated by
means of formula 8. For comparative purposes, formula
11 was used, under the assumption that the mean age of
child-bearing was thirty years. In addition, a per capita
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annual gonad dose was calculated without regard to the
fertility factors. The fertility factors were obtained from
the official vital statistics of Leiden.

24. Norway. The data set out in table XT are extracted
from an investigation performed by Flatby.?* Informa-
tion on the numbers of examinations of various types
was obtained during 1957 and 1958 from all the estab-
lishments in Norway where X-ray diagnosis was per-
formed. The subdivision of the number of examinations
by sex and age of the patients was based on a study com-
prising four diagnostic departments (40,000 examina-
tions). The gonad doses were measured directly with
ionization chambers during the examination. In addition,
doses to the ovaries were also assessed by measurements
in a body-shaped phantom. The dose measurements com-
prised around 1,300 patient and 100 phantom measure-
ments. The fertility factors were determined from the
official vital statistics of the population. The genetically
significant dose was calculated by means of formula &,

25. Sweden. Table XII summarizes the data on genet-
ically significant dose presented in the Committee’s
previous report. The data are based on the investigation
published by Larsson.'® Information on the numbers of
examinations of various types, subdivided by sex and
age of the patients, was collected from a sample of hos-
pital records (40,000 examinations) and corrected by an
estimate of the numbers of examinations performed by
private practitioners. Only around 5 per cent of the total
number of examinations were carried out by these prac-
titioners. These were mainly chest and small bone
examinations, Around 1,900 measurements of the doses
to the male and female gonads were performed with
ionization chambers during the actual course of examina-
tion. Only the doses to foetal gonads were obtained by
measurements in a phantom. The fertility factors were
computed from the official vital statistics of the popula-
tion. The genetically significant dose was calculated from
formula 8.

26. Switzerland. Table XIII is based on an investiga-
tion performed by Zuppinger, Minder, Sarasin and
Schaer.** Through a sample study, lasting for three
weeks in 1957 and comprising around 65,000 examina-
tions, information was gained regarding the numbers of
examinations of various types, subdivided by sex and
age of the patients. The doses to the gonads were ob-
tained partly from the authors’ own measurements with
ionization chambers in patients and a body-shaped
phantom, and partly, when appropriate, from dose data
published in other countries. Since the Swiss investiga-
tion started with the original intention of computing the
genetic dose to individuals below the age of forty but
later changed to a determination of the genetically sig-
nificant dose according to formula 8, the calculations
were not made directly with the use of this formula,
although the principles were the same. The fertility fac-
tors were determined from official statistics.

27. United Arab Republic.2™1® Investigations carried
out in Alexandria and Cairo during the years 1955-1961
are presented in tables XIV and XV. They are repre-
sentative of the whole of Alexandria and the area west
and south-west of Cairo. Phantom measurements were
carried out on a selection of units used in these cities,
The calculations were made on the basis of formulae 8
and 11 and the results presented as a weighted mean.
The survey showed that some 17 per cent of the annual
examinations were for investigations of the urinary
tract. This is due to the investigation of the endemic
disease, schistosomiasis,



28. United Kingdom. The material presented in table
X V1 has been taken from the report of the Adrian Com-
mittee.’® The comprehensive survey covered all medical
radiology carried out in the United Kingdom, except
Northern Ireland. The numbers of examinations of
various types and their distribution by sex and age of
the patients are based on two nation-wide sample studies
in 1957, each one lasting for one week, and together
comprising around 310,000 examinations. The whole
country was divided into nineteen regions and in each
measurements were carried out in a sample of six hospi-
tals. The gonad doses were obtained for 5,400 examina-
tions by measurements with ionization chambers. The
methods used for making these measurements were:

(i) Male patients: by a direct dose measurement made
with the chamber in contact with the scrotum during the
examination;

(ii) Female patients: by an indirect method, using
the dose to the skin at the level of the iliac crest, measured
during the course of examination, and the ratio of the
corresponding skin dose and the ovary dose, as obtained
from dose measurements in body-shaped phantoms;

(iii) Foetus: by calculations based upon dose data
derived from body-shaped phantoms.

The fertility factors were computed from official statis-
tics. A separate statistical investigation was made to
determine the average number of future children to be
born to a pregnant woman. While the accuracy of this
estimation is low, the general indication is that the fer-
tility factor for a pregnant woman is higher than that
for a woman in the population at large, These higher
fertility factors, although admittedly approximate, have
been used solely in computations on examinations made
in connexion with a pregnancy, viz, pelvimetry and
obstetric abdomen examinations. The genetically signifi-
cant dose was calculated by the use of formula 8.

(b) Other investigations

29. United States of America. Most of the national
surveys are performed in countries with small popula-
tions. In countries with large populations, a small-scale
study may not truly reflect the situation, especially when
there are great variations within the country in the pa-
rameters that determine the genetically significant dose.
For the United States, Laughlin and Pullman?® made an
estimate of the annual genetically significant dose, on the
basis of those data in the literature up to 1955, using
formula 11. They arrived at a figure of 50 == 25 mrem
as a2 minimum estimate and a more probable estimate of
140 = 100 mrem. With the same formula, Norwood
et al.** calculated the annual genetically significant dose
caused by X-ray diagnosis for the inhabitants of a small
American town to be 45 mrem. Another United States
investigation®? covers the employees of the Oak Ridge
National Laboratory who were regarded as patients. The
annual genetically significant dose from X-ray diagnosis
was found to be 50 mrem (13 mrem caused by exposure
of male patients and 35 mrem by exposure of female
patients). The results of the two later investigations are
within the range of the minimum estimate obtained by
Laughlin and Pullman,

30. USSR. Inthe USSR no calculations of the genet-
ically significant dose arising from medical X-ray diagno-
sis have yet been published. However, Pobedinsky?® has
published data on the doses to the gonads during diag-
nostic X-ray examinations, e.g. chest, stomach (barium

"meal), kidneys, gall bladder, pelvic region, lumbar spine
and lumbosacral region. The data, which are based
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upon dose measurements in a body-shaped phantom, are
within the ranges of the individual gonad doses pre-
sented in tables XVIII and XIX. Data have also been
published by Vikturina.** Provided there are not sig-
nificant differences in the age distribution of the pa-
tients and in the numbers of examinations of various
types, it is reasonable to believe that the annual genet-
ically significant dose from X-ray diagnosis in the
USSR is of the same order of magnitude as the doses
presented in the summary table, XXIII.

(¢) Mass survey examinations of the chest

31. Since mass survey examinations of the chest are
frequently performed in many countries, current interest
has been devoted to the doses associated with this type
of examination. In table XVII data have been collected
from various countries and areas for gonad exposure in
this type of survey examination. In most countries these
examinations are performed as mass miniature radio-
graphy (photo-fluorography). The table shows that these
radiographic examinations, in spite of their high num-
bers, give a very low genetically significant dose. In some
countries, however, survey examinations are performed
by means of fluoroscopy. These examinations give in-
dividual gonad doses which are up to 100 times higher
than those given by mass miniature radiography. Even
if the doses to the gonads are much lower than in many
other types of examination, the high number of these
fluoroscopic examinations among individuals in the pre-
fertile and fertile ages may cause a considerable contri-
bution to the genetically significant dose. Therefore, in
order to reduce the dose, mass miniature radiography
should be used when practicable rather than mass survey
fluoroscopy.

(d) Comments

32. Certain types of examination, mainly those of the
pelvic region, together contribute 85-95 per cent of the
genetically significant dose. This is shown in table XXII.
However, in terms of numbers of examinations, these
examinations represent only about 15 per cent of the
total in those countries where the contributions from
chest and mass survey examinations are small.

33. The following points from the national tables re-
quire further explanation:

(1) In table VI, relating to Hamburg, the colon ex-
aminations are responsible for a third of the total genet-
ically significant dose. Holthusen et al.® have explained
this as being the result of a special technique used in
Hamburg for colon examinations, involving extensive
fluoroscopy.

(i1) In Japan'®stomach and colon examinations cause
50 per cent of the genetically significant dose. Table IX
shows high gonad doses for the fluoroscopy in these two
types of examination, which form 23 per cent of the
total number of Japanese examinations,

(iii) Inthe Netherlands (Leiden) (table X), pelvi-
metric examinations are never performed and the num-
ber of obstetrical abdomen examinations is very low.
Although the investigation reflects only Leiden, this
statement is valid for the whole of the Netherlands.

(iv) Table XII, relating to Sweden,'® shows a high
contribution to the genetically significant dose caused by
foetal exposure during pelvimetry. Since the investiga-
tion was made, the examination technique for pelvimetry
has been changed in Sweden with the result that the
dose to the foetal gonads has been decreased to a small
fraction of the previous dose.*®




(v) Table XVI (United Kingdom) shows that ob-
stetrical abdomen examinations form nearly 70 per cent
of the genetically significant dose caused by foetal
exposure.*’®

34. In table XXIII, the annual genetically significant
doses arising from X-ray diagnostic procedures in
various countries and areas are brought together. The
contributions to the genetically significant dose caused
by diagnostic exposures of males, females and foetuses
are given separately. For some countries and areas, esti-
mates are also given of the uncertainty in the determina-
tion of the genetically significant dose.

35. Table XXIII gives information covering popu-
lations that together comprise over 200,000,000 indi-
viduals (6-7 per cent of the total population of the
world).

36. Some estimates of the genetically significant dose
arising from X-ray diagnosis do not include the con-
tribution from dental radiography. However, available

data show that this contribution is very small with values’

ranging from 0.01 to 0.15 mrem/y.

37. In the investigations from the Federal Republic
of Germany (Hamburg)® and from the Netherlands
(Leiden)? comparisons were made between the genet-
ically significant dose computed according to formulas
8 and 11 in the appendix. The figures are set out in
table XXIII. There is good agreement between the fig-
ures derived by the use of formula 8, which accounts for
the relative child expectancy of the average individual
for each type of examination, and by the simplified for-
mula 11, which considers only the examinations per-
formed on patients below the mean age of childbearing
(usually thirty years). The per capital dose was also com-
puted for Leiden and Hamburg. In these two cities the
per capita dose is much higher than the genetically sig-
nificant dose, which means that the relative child ex-
pectancy factor (w;/w) is considerably less than unity
for most of those types of examination that contribute
most to the genetically significant dose. In other countries

the per capita gonad dose may be of the same magnitude

as the genetically significant dose as indicated in the last
report. This depends upon the age distribution of the
patients within the various types of examination and the
future number of children expected to be conceived after
the exposure,

(e) Consideration of the dose-rate effect

38. As was pointed out in paragraph 10, there is now
experimental evidence with mice and insects that the
genetic effect caused by irradiation is governed not only
by the magnitude of the dose but also by the rate at
which the dose is delivered. Table XXIV presents prob-
able dose-rates to the gonads during some types of ex-
amination and during fluoroscopy and radiography. Be-
cause of the difference in the sites of the testes and the
ovaries, the dose-rate to the ovaries is lower than to the
testes when the gonads are in the primary beam. Since
examinations usually consist of several radiographs of
various sites and in different projections, and sometimes
of both radiography and fluoroscopy, the dose-rate may
vary considerably during an examination, by a factor of
1,000 and even more. Although table XXIV presents
only probable dose-rates, these range from 0.005 mrem/
sec to 2,000 mrem/sec, which is a difference of a factor
108%. The lowest dose-rate presented in the table is still
1,000 times higher than the dose-rate by which the nat-
ural radiation is delivered. The range of dose-rates used
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by Russell in his experiments are quoted in table XXIV.
These dose-rates, which were used in obtaining experi-
mental evidence for dose-rate dependence, are within
the range of dose-rates which occur in X-ray diagnosis,

39. Except for examinations consisting of only one
radiograph, or continuous fluoroscopy, the dose to the
patient strictly must be regarded as fractionated, even
though for most examinations the duration is short com-
pared with the time cycle of cells. An exception is the
general film series taken over the alimentary tract. This
type of examination may be conducted over a period of
twenty-four hours, during which radiographs are taken
at intervals of minutes or hours. The rate of delivery
of the dose may either be represented by the actual dose-
rate for each exposure, which usually does not last more
than ten seconds, or by the average dose-rate over the
total time for the examinations, e.g. twenty-four hours.
The computed rate will thus differ by a factor of 104,
depending upon the criterion used.

40. Since Russell’s experiments were carried out on
mice with continuous irradiation, with a constant rate
of dose delivery at doses of 100-1,000 rem, it is not pos-
sible to use his results for a quantitative determination
of weighting factors for the dose-rate dependence in the
calculation of the genetically significant dose arising
from X-ray diagnosis. Neither is there information suffi-
cient to take into account the variation in the sensitivity
with the cell stage of the gamete.

(f) Reduction of the genetically significant dose

41. It is obvious that efforts to reduce the genetically
significant dose should be devoted to the types of ex-
amination which give the highest dose contribution.
Since the genetically significant dose (formula 8) caused
by a type j examination (D;) is the product of the fre-
quency of conducting the examination (N;/N), the
relative child expectancy of the individuals examined
(w;/w) and the gonad dose (d;), a decrease in the
genetically significant dose may be achieved by a reduc-
tion in Nj, wy or d;:

(i) Nj may be decreased by lowering the number of
type-j examinations, which means more rigorous indica-~
tions for the examinations;

(ii) w; may be lowered by a reduction of the number
of examinations of young patients;

(iii) In general, however, the greatest effect in the
reduction of the genetically significant dose can be ob-
tained by lowering the dose to the gonads, d;.

42. The ways of reducing the gonad dose are well
known and are recommended in most of the papers on
which the tables are based and they are summarized as
follows :¢

(1) Toreduce the number of radiographs per patient;

(i1) To reduce the length of time and the intensity of
exposure;

(iti) To avoid, as much as possible, pre-set schemes
of radiological examinations;

(iv) When fluoroscopy is not essential, to take radio-
graphs only;

(v) To use the appropriate physical parameters, with
special emphasis to the use of the smallest field size;

(vi) To avoid the inclusion of gonads within the
primary beam;

(vii) To protect the testicles by adequate shielding
of scrotum during male pelvic radiologic examinations;
and




(viii) To train properly the staff engaged in X-ray
diagnostic examinations.

43. The Adrian Committee® states that the result of
bringing the techniques in the 10 per cent of hospitals
showing the highest doses up to the standard of the
average technique of all the other hospitals would in
total reduce the genetically significant dose to 70 per
cent of the present one. If the techniques used by the 25
per cent of the hospitals in the survey showing the lowest
doses were used by all hospitals it would mean a reduc-
tion of the genetically significant dose to less than 20 per
cent of the present value. For Sweden, Larsson®® esti-
mates that an increased use of already existing examina-
tion techniques, which give low gonad doses, would
mean a reduction of the genetically significant dose to
40 per cent of its existing value. Such reduction may
be achieved without detriment to the diagnostic infor-
mation to be obtained from the examinations.

External radio-therapy by X-rays and sealed radio-active
sources

44. As compared to those for X-ray diagnosis, there
are few data for gonad doses and genetically significant
dose caused by exposure of patients undergoing external
radio-therapy. One of the reasons for this is that the
first investigations showed that the contribution from
external radio-therapy to the genetically significant dose
was less than the contribution from X-ray diagnosis.
However, detailed data on gonad doses and genetically
significant dose arising from external radio-therapy have
recently been obtained from the Federal Republic of
Germany (Hamburg), France and the United Kingdom.
To make estimates of the average gonad dose received
during the treatment of any one disease is more difficult
than for one diagnostic examination since a disease such
as eczema may affect any area of the body and the details
of the actual treatment are not always available, There-
fore details of the treatment of a large number of
patients are required to get a representative distribution
of the sites affected by a particular disease.

45. Radio-therapy is used in the treatment of non-
malignant and malignant conditions. It is necessary to
consider in any calculation of genetically significant dose
from radio-therapy the effect of the disease itself and
the irradiation on the relative child expectancy. It may
be assumed that neither the non-malignant conditions
nor the radiation doses, with the possible exception of
those in the regions of the gonads, affect the fertility of
the patients. However, for patients suffering from
malignant conditions the life expectancy is usually
shorter than in the general population and in each age
group of such patients a lesser number of children will
be conceived as compared to the statistics for the whole
population. The irradiation itself may cause decreased
fertility, which would also reflect upon the number of
children to be expected.

(a) National surveys

46. Federal Republic of Germany (Hamburg): The
investigation performed by Hoithusen, Leetz and
Leppin® also covers radio-therapy. The number of pa-
tients treated for various conditions, subdivided by sex
and age, and the individual gonad doses were arrived
at by the same methods as were used for X-ray examina-
tions (para. 19). In their calculations Holthusen et al.
have taken the fertility factors to be zero for patients
who have been irradiated for malignant diseases, and
presume that the genetically significant dose caused by
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external radio-therapy arises only from irradiation for
non-malignant conditions. The annual genetically sig-
nificant dose is presented in tables XXV and XXIX in
which the genetically significant dose is subdivided by
various locations of treatment. The individual gonad
doses and the numbers of patients treated are also set out.
The genetically significant dose was calculated from
formula 8. For comparative purposes, Holthusen et al.
also calculated the genetically significant dose, using
formula 11, and the per capita dose for the whole popu-
lation (para. 19).

47. France. The figures for France in tables XXVI
and XXIX are based upon an investigation by Reboul
et al.*” who determined the number of patients who un-
derwent external radio-therapy for various conditions in
a large hospital. By means of information from the
Sécurité sociale, these numbers, subdivided by sex and
age, were extrapolated to cover the whole of France. The
doses to the gonads in various types of treatment were
measured with ionization chambers in the same way as
has been described in paragraph 20. The genetically sig-
nificant dose was calculated according to formula 11. In
the cases of non-malignant conditions, only around 7 per
cent of the dose, expressed by ZN,-d;, was estimated to
have been given to patients below the age of thirty. When
the contribution to the genetically significant dose from
the treatment of malignant conditions was calculated,
the cases with the most severe prognoses were disre-
garded. Also, the cases where the irradiation was ex-
pected to have caused sterility were disregarded. From
the remaining cases, the numbers of patients below thirty
years of age were estimated by means of their hospital
records. These patients together form around 6 per cent
of all those treated for malignant conditions.

48. Netherlands. The data presented in tables XXVII
and XXIX are from an investigation by Scholte et al.28
for the period 1942-1951 based on radio-therapy treat-
ments in three large hospitals in The Hague, Leiden and
Rotterdam. The survey does not include any contribution
from dermatology. The calculations were made according
to formula 8 and it was possible to use the actual number
of children born to the patients up to 1960. The number
of children conceived by the patients who received high
gonad doses from pelvic region irradiation were only
53 per cent of those which would be expected from the
number of legitimate live births in the period 1955-1959
in the Netherlands. Even though these statistics are not
strictly comparable they emphasize the effect of the dis-
eases and the irradiation itself on the relative child
expectancy compared with that based on average values
of the population.

49. United Kingdom. The data presented in tables
XXVIII and XXIX have been taken from the report of
the Adrian Committee'® which covers the United King-
dom except Northern Ireland. The numbers of patients
treated for various conditions, subdivided by sex and
age, were calculated from a sample study during three
months in 1957 of all treatments carried out in United
Kingdom hospitals and comprising around 30,000 pa-
tients. The doses to the gonads were calculated from in-
formation on the dose parameters used in various
hospitals and private clinics and the results of dose
measurements in a phantom under various conditions.
The genetically significant dose was calculated according
to the principles set out in formula 8. In the calculations
of the contribution from radio-therapy of non-malignant
conditions, it was assumed that the child expectancy was
zero for all patients in whom an artificial menopause was



induced. For all other non-malignant conditions the fer-
tility factors obtained from population statistics were
used. In the calculation of the genetically significant dose
caused by external radio-therapy of malignant conditions,
due attention was paid to the changes in the fertility fac-
tors, as determined from official statistics, that are caused
by the shortening of the patients’ life expectancy and by
the reduction in fertility, due to the radiation received
by the gonads.

(b) Other investigations

50. In the United States, Clark®® estimated the annual
per capita dose of the total population due to external
radio-therapy to be 12 mrem. He assumed that the gonad
doses arising from irradiation for malignant conditions
were of no genetic significance. A survey of the indi-
vidual gonad doses received has also been carried out
by Bailey.®®

51. A survey by Purser and Qvist®! yields an estimate
of the annual genetically significant dose in Denmark
(Copenhagen) of 1 mrem. In the Danish estimate, re-
duced fertility as a consequence of the severity of the
prognosis of the disease and of the actual irradiation
was allowed for by subdividing the patients into three
groups, with the fertility factor being zero, one-fifth of
normal, and normal, respectively., Twenty-two per cent
of the genetically significant dose was assumed to arise
from treatments of malignant disease.

52. For Australia, Martin?*3® estimated the annual
genetically significant dose from external radio-therapy
to be 28 mrem. The estimate was made using the appro-
priate survival rates from the Central Cancer Registry.
It was assumed that the prospects of parenthood were
not impaired by the treatment, except for those patients
receiving doses which would cause sterilization.

53. In the United Arab Republic (Cairo) a survey
has been carried out in 1959-1960 of the frequency of
treatments by X-rays.34 33

(c) Comments

54. Compared to the genetically significant dose orig-
inating from X-ray diagnosis (table XXIII) the genetic-
ally significant dose from external radio-therapy (table
XXIX) is small. However, the individual gonad doses
received from external radio-therapy are larger than
from an X-ray diagnosis examination.

55. Itis the practice in some countries to use radiation
for so termed ovarian stimulation in cases of sub-
fertility. Little data are available regarding the numbers
of such treatments but a report®® shows that, in 33 insti-
tutions surveyed in Buenos Aires, 222 cases were treated
in 1960 representing some 2 per cent of the total number
of patients treated by radio-therapy for non-malignant
and malignant conditions. The radiation used was gen-
erated at 200-250 kV and the average dose to the ovary
was 60 rem with a range of doses from 35-110 rem.

56. In the German investigation® the annual genetic-
ally significant dose was calculated according to both
formula 8 and formula 11. The per capita dose for the
whole population was also calculated. On the basis of
the data from investigations in France*” and the United
Kingdom?® the per capita dose to the population arising
from the treatment of non-malignant conditions in each
of the two countries has been estimated. The figures
are set out in table XXX, As expected, the per capita
doses are higher than the genetically significant doses.
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Clark’s figures for the United States of America,*® 12
mrem, should be compared with the figures in the last
column of table XXX, which are 6.5, 21 and 9 mrem in
the Federal Republic of Germany (Hamburg), France
and the United Kingdom respectively. The explanation
for the difference between the figures for per capita dose
and genetically significant dose is the same as was given
in paragraph 37.

57. Both in the Federal Republic of Germany (Ham-
burg) (table XXV) and the United Kingdom (table
XXVIII) the major part of the genetically significant
dose caused by external radio-therapy for non-malignant
conditions originates from treatments of the skin
(around 35 and 75 per cent respectively). In France
(table XXVTI) the bulk of the corresponding genetically
significant dose arises from treatment to the lumbar
spine and the hips.

(d) Consideration of the dose-rate effect

58. For the reasons indicated in paragraphs 10 and
38 the probable dose-rates to the gonads during external
radio-therapy of certain treatment areas, are given in
table XXXI. The dose-rates have been calculated as-
suming a maximum dose-rate at the treatment site of 50
rem per minute. Since high doses to the gonads may
cause sterility or reduced fertility, treatment sites have
not been included in this table when the dose to the
gonads during a complete treatment is estimated to ex-
ceed 200 rem. The dose-rates range between 0.002 mrem/
sec and 50 mrem/sec, which means that the highest dose-
rate is around 104 times greater than the lowest one. This
range of dose-rates covers the lower portion of the range
used by Russell in his experiments.

59. In most instances external radio-therapy is ad-
ministeréd in fractionated doses. In external therapy for
non-malignant conditions a total dose seldom exceeds
3,000 rem given over a period of two to three weeks,
while for malignant conditions doses to the treated vol-
ume of up to 7,000 rem may be given. The period of
treatment is varied, dependent on the total dose, up to
about seven weeks. If the gonad dose-rates are calcu-
lated as mean dose-rates over these periods, the figures
in table XXXI should be divided by a factor of around
102, The lowest dose-rates would then be of the same
magnitude as the delivery rate of natural radiation
(3.10% rem/sec).

60. In radio-therapy, as in X-ray diagnosis (para. 40),
it does not seem possible to use Russell’s results for a
quantitative determination of weighting factors for the
dose-rate dependence in the calculation of the genetically
significant dose. Neither is there information sufficient
to take into account the variation in the sensitivity with
the cell-stage of the gamete.

(e) Reduction of the genetically significant dose

61. In contra-distinction to X-ray diagnosis, where
the radiation is a means for producing an image on a
screen or a film, the dose in radio-therapy to be delivered
to an actual part of the body is determined with regard
to the effect that is sought by the treatment. With refer-
ence to paragraph 41, Ny, w; and d; govern the genetic-
ally significant dose. Regarding malignant conditions,
where there are strong indications for treatment, Ny and .
w; cannot be expected to undergo changes in favour of
reduced genetically significant dose. For non-malignant
conditions, it might be possible to reduce Ny and w; by
using stricter criteria for the treatment of non-malignant




conditions, especially among young patients. Reductions
in the individual gonad doses, d;, when the gonads are
not the sites of the irradiation, may be obtained as
follows:

(i) By the use of strictly appropriate physical condi-
tions of exposure, placing emphasis on the smallest pos-
sible radiation field and, for instance, the use of low
energy radiation and beta-emitting sources in skin
therapy;

(ii) By satisfactory shielding against leakage radi-
ation;

(iii) By the use of scrotum protection;

(iv) By adequate positioning of the patients during
treatment so that the gonads are as far away as possible
from the primary beam.

Admanistration of radio-isotopes

62. Only a few national surveys exist on the contribu-
tion from the medical use of unsealed radio-isotopes to
the genetically significant dose. It is assumed that this
contribution is even less than the contribution from ex-
ternal radio-therapy. The number of cases to whom the
isotopes were administered and the total quantities of
isotopes are given in table III.

63, Since unsealed radio-isotopes are used for both
malignant and non-malignant conditions, the same
allowance described in paragraph 45 has to be made for
possible changes in the fertility factors among patients,
This means, for instance, that Au'®, although used in
considerable quantities for treatment -(table III) has

“been considered to be of no genetical significance.

(a) National surveys

64. In the present annex, national surveys and esti-
mates of genetically significant dose are presented from
Canada, the Federal Republic of Germany (Hamburg),
the United Kingdom and the United States of America
(table XXXII).

+65. Canada.. The figures in table XXXII are taken
from an investigation published by Johns and Taylor:®
They considered patients below thirty years of age
(formula 11) but did not make any correction with

iregard to severe prognoses for malignant conditions.

1332 formed 75 per cent and P32.25 per-cent of the genet-

“ically significant dose from the administration of radio-

active isotopes. :

66. Federal Republic of Germany (Hamburg). Hol-
thusen et al.® have studied the genetically significant dose
from I (table XXXII). The dose was calculated
according to formula 8 but the malignant conditions were
disregarded (cf. para. 46). ‘ '

67. United Kingdom. The Adrian Committee’s re-
sults® are presented in table XXXIII. The genetically
significant dose was calculated from: formula 8 and the
normal fertility factors were modified for some of the
malignant conditions. In table XXXIII the annual genet-
ically significant dose is subdivided into the diagnostic
use of radio-isotopes-and their use for the treatment of
malignant and non-malignant conditions. 3% delivers
60 per cent and P** 40 per cent of the genetically sig-
nificant dose from the administration of radio-active
isotopes,

68. United States of America. Chamberlain®® has
estimated the annual genetically significant dose from
the medical use of unsealed radio-isotopes. His results

are presented in table XXXII. The dose was calculated
according to the principles of formula 11 and the genet-
ical sigmificance of treatment for conditions with severe
prognoses was considered. It was estimated that only
the use of I*% gave a dose of genetical significance.

69. In the national surveys presented above (paras.
65-68), calculation of the gonad doses was based
on existing information regarding deposition in various
organs and tissues and the effective half-lives of the
radio-isotopes in question. In table XXXIV, some results
are presented for gonad doses arising from the admin-
istration of 1 mc I** or P3=3%3+4 Weijer et al.® ob-
tained their results from measurements on patients with
different diseases, thus allowing for disturbances in the
normal distribution of I*3 in the body. Regarding I*%,
Johns and Taylor®” found that the beta and gamma com-
ponents formed 50 per cent each of the gonad dose. The
figures in table XXXIV, or results from other investiga-
tions, can be used for estimating the genetically signifi-
cant dose arising from the medical use of unsealed
radio-isotopes in various countries.

(b) Commients

70. The contribution from the administration of
radio-isotopes to the genetically significant dose is small
(table XXXII) as compared to X-ray diagnosis (table
XXIII) and external radio-therapy (table XXIX).
Between 5 and 15 per cent of the genetically significant
dose caused by the administration of radio-isotopes
originates from their use for diagnostic purposes. The
individual gonad doses are estimated to range between
25:-mrem and 200 rem.

(c) Consideration of the dose-rate effect

- 71, The dose to the gonads from a deposited radio-
isotope is received through continuous irradiation, with
a decreasing rate of delivery as a consequence of the
excretion and the decay of the radio-isotope. The initial
dose-rate to the gonads per millicurie administered I's*
or P is of the order of 10-* mrem/sec. This estimate
does not allow for differences in dose-rates as a conse-
quence of various distances from the gonads to the
deposits of activity in the body. Since the administered

-amounts of radio-isotopes usually range between around

5 pc in diagnosis and 200 mc in therapy, dose-rates may
range between 5.10-® mrem/sec to 0.2 mrem/sec.

72. Although these dose-rates should be regarded as
rough estimates, they are lower than the ones used by

‘Russell in his experiments. It is not possible at the

present time to take into account variations of dose-rate
or of the cell-stage of the gamete.
(d) Reduction of the genetically significant dose

73. Since the administration of radio-isotopes con-
tributes only 1 or 2 per cent to the genetically significant

.dose caused by medical exposure, there is no urgent need

for improvements aimed at lowering this contribution.
The amounts of radio-isotopes used can be decreased in
diagnostic investigation by further improvement of the
sensitivity of the measuring instruments and by the use
of in witro rather than in zivo tests. Particular care is
necessary when labelled substances are used which are
incorporated into the chromosomes, such as thymidine,
for these may result in high radiation dosés to the genetic

'material. In therapy, deposits of radio-isotopes in organs
‘and tissues which are not objects of treatment, can some-

times be reduced by special measures. For instance, high

fluid intake following I*** administration induces fre-
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quent micturition, thus reducing the residual time in the
bladder of the excreted radio-isotope.®® This causes a
decrease in the dose to the gonads.

Sumnary

74, The annual genetically significant dose from
medical exposure has been shown to be in the range 6-58
mrem from diagnostic radiology for those countries
given in table XXIII. The contribution from radio-
therapy and the use of radio-active isotopes has been
shown in tables XXIX and XXXII to be in the ranges
2-13 mrem and 0.18-0.42 mrem respectively. Due to the
many national and international reports on the subject
which have been issued in the last seven years there is a
greater awareness of the desirability of reducing the
genetically significant dose. This has resulted in many
countries in a downward trend in the levels estimated.
For the purposes of making comparisons of risk in
annex H, it has been accepted according to table XXIII
that a representative value of the genetically significant
dose would be 30 mrem/y from diagnostic exposure and
5 mrem/y from radio-therapy.

EXPOSURE OF THE BONE-MARROW

75. This section of the annex summarizes the data
regarding the doses received by the active bone-marrow
of patients undergoing radiological examinations or
treatments. This tissue is regarded as the significant one
in respect to the induction of leukaemia by radiation
(D, 254-271, 485-489). It has been suggested (H, 8) that
the mean dose to a tissue should be used, in the light of
present knowledge, for the assessment of the effects of
radiation at these dose levels. The term “mean marrow
dose” is defined as the dose received by any portion of the
active marrow averaged over the whole mass of active
marrow. The mean marrow dose can either be given for
an irradiated individual or as a per capita dose for a
population. '

Determination of the mean marrow dose

76. The marrow doses presented below are given as
individual mean marrow doses for various types of
radiological procedure. Mean marrow doses are usuzlly
obtained from dose measurements with small ionization
chambers placed either on the skin in the radiation field
or at the actual site of the primary irradiated bone-
marrow. In the latter case, the measurements are made
in phantoms which undergo the irradiation procedures.
The phantoms should represent as closely as possible,
in size, shape and material, the radiation conditions
in 2ivo. Since measurements with ionization chambers
express exposure doses in roentgens under given con-
ditions, the absorbed doses have to be calculated with the
application of appropriate conversion factors. When
calculations are based on exposure doses to the skin, the
dose figures have to be multiplied by the percentage depth
dose at the location of the bone-marrow in question,
corrected for the shielding effect of the bone surrounding
the bone-marrow.

77. In soft tissues adjacent to bone, the absorbed dose
is increased by secondary electrons, which are generated
in the bone. This should be allowed for in the calculation
of the absorbed dose to the bone-marrow. A discussion
of this effect is included in the report of the ICRU.#* A
typical example from this report shows that within a
marrow cavity of size 400 p, irradiated by radiation of
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photon energy 50 keV, there is a 13 per cent increase in
the dose received by soft tissue remote from bone.

Distribution of active bone-marrow

78. The calculation of the mean marrow dose pre-
supposes knowledge of the distribution in the body of
the active bone-marrow. A comprehensive study was
carried out by Mechanik*® of the quantitative distribu-
tion of the total bone-marrow in adults, A summary of
his data has been published by Woodard and Holodny.**
These studies do not, however, give any information on
the distribution of the active marrow. Studies on the
distribution of the active marrow have shown that before
birth the liver and spleen are the major erythropoietic
organs, the activity of the liver being equal to that of the
bone-marrow at 714 months. At birth all bones which
contain marrow have active red marrow ; however with
increasing age this is gradually replaced in some bones
by inactive yellow marrow. By the age of eighteen to
twenty years little red bone-marrow exists in the limb
bones, except for the proximal epiphysis of femur and
humerus.*® A gradual replacement also takes place in all
adult bones with increasing age and measurements of
this effect have been given by Custer*® for the ribs,
sternum and vertebrae, Ellis#* has calculated from the
data of Mechanik and Custer the distribution of total
and active marrow in the adult (table XXXV). This
table also gives the set of distribution figures that was
presented in the Committee’s 1958 report.

79. Further research on the distribution of the bone-
marrow is needed, for it is well known that the distribu-
tion of active marrow varies very much between adult
individuals. Also diseases or other conditions which im-
pose a stress on the haematopoietic system cause the red
marrow to reappear in the limb bones. Large radiation
doses to local volumes of active marrow may also cause
variations in the active bone-marrow distribution.*®

Dose data

80. There are few available data on mean marrow
doses from medical exposure.
X-ray diagnosis

81. In its 1958 report the Committee presented mean
marrow doses calculated on the basis of assumed average
practice and available information for various types of
examination—number of radiographs, skin doses and
depth dose data. Several of these dose figures are set
out in table XXXVI, together with the results from a
Danish investigation performed by Buhl‘® and from
measurements by Epp et al.*5! A national survey has
been conducted in the United Kingdom (para. 28) and
extensive phantom measurements at eleven marrow sites
are being used to derive a per capita mean marrow dose.

82. Even though the investigations presented in table
XXXVTI show differences between the dose figures in
each of several types of examination, the order of the
types of examination with regard to the size of the dose
is nearly the same in the investigations. These types are
examinations of the upper and lower gastro-intestinal
tract (barium meal and barium enema), the gall bladder,
dorsal and lumbar spine, and the lumbosacral region.
Pelvimetry also belongs to those types of examination
giving among the highest mean marrow doses. The dif-
ferences in the dose figures reported for any one exami-
nation are due to the variations in the assumed extent and
techniques of the particular examination and the values
of percentage depth doses used.



83. It is obvious that the mean marrow dose will de-
pend upon the field size and the incident skin dose.
Another parameter that influences the magnitude of the
mean marrow dose is the quality of the radiation used.
For radiography of the chest, Epp, Weiss and Laughlin®®
showed that a low kilovoltage technique (60 keV, 1-2 mm
Al filter) gives 50 per cent greater mean marrow dose
than kilovoltages between 80 and 120 (2-3 mm Al filter),
for which the mean marrow dose is nearly constant,
Webers? has reported similar results for radiography of
the stomach (barium meal) and abdomen.. He found
50 per cent higher mean marrow doses at 70 keV (2 mm
Al filter) than at 90 keV (3 mm Al filter).

84. In paragraph 31 it was pointed out that in some
countries mass survey examinations of the chest are
performed by means of either fluoroscopy or radiogra-
phy (table XVII). Skin doses to patients from fluoros-
copy may amount to more than 100 times the skin dose
when radiography is used.?® While reported mean mar-
row doses for mass survey examinations of the chest
using radiography range between 50 and 100 mrem,
it has been calculated that mass survey fluoroscopy in
Austria, France and Spain gives mean marrow doses
averaging 1,900, 1,200 and 1,300 mrem respectively.5?
For Belgium and Switzerland, the corresponding doses
were reported to be 380 and 230 mrem respectively. The
doses are set out in table XXXVII. Owing to differences
between apparatuses and the duration of the flucroscopy,
the individual mean marrow doses range from around
200 mrem up to around 4,000 mrem. Since many of the
examinations in France'® are made on young people
(40 per cent on individuals below the age of twenty)
the figures for the mean marrow doses, calculated by
means of distribution figures for the active marrow in
adults, may be rather uncertain (para. 78). It is obvious
from this table that in order to reduce the dose, mass
miniature radiography should be used rather than mass
survey fluoroscopy (cf. para. 31).

85. In the 1958 report of the Committee (annex C,
para. 50) an estimate of the population per capita bone-
marrow dose was made and it was suggested that it
might be of the order of 50-100 mrem/y. The Committee
has no reason to alter this estimate, as little information
has been obtained since the last report.

External radio-therapy by X-rays and sealed radio-
active sources

86. Few data on bone-marrow doses are available at
present for patients who have undergone radio-therapy.
Comprehensive measurements of the radiation doses to
the spinal marrow in a phantom were carried out by
Jones and Ellis® as part of the survey by Court Brown
and Doll** on patients irradiated for ankylosing spondy-
litis, Maudal®® has also made measurements of doses to
organs and tissues for several sites of treatment. The
latter investigation also gives data regarding the dose
received by sites outside the primary beam. Further
measurements have also been conducted in the United
Kingdom as part of the national survey. All these meas-
urements give the dose at the particular site in terms of
100 rem incident at the skin. Table XXX VIII gives rep-
resentative values of the mean marrow dose received
during such treatment.

87. Holodny, Lechtman and Laughlin® have reported
mean marrow doses arising from the treatment of cervix
carcinoma with radium applicators. Their results, pre-
sented in table XXXVIII. are based on measurements
of the doses in a body-shaped phantom at different sites

385

of the bone-marrow. They calculated the mean marrow
doses by means of Ellis’s distribution figures for active
marrow.

88. Mean marrow doses to children below two years
of age who were treated with radium skin applicators for
haemangioma have been reported by Nordberg.5” Dose
measurements were made in a phantom which, in shape
and size, corresponded to a child below the age of two.
It was assumed that the active bone-marrow is dis-
tributed throughout the skeleton. The mean marrow
doses were calculated by means of the data on the dis-
tribution of marrow space given by Woodard and
Holodny** assuming that the distribution of marrow
space in children is the same as in adults. The results
are given in table XXXVIII and the distribution figures
used are presented in a footnote to the table.

Administration of radio-isotopes

89. The data at present available to the Committee on
relevant parameters for 1332, P32 and Au%® do not suffice
for estimating the individual mean marrow doses with
any certainty. The estimates of the total dose to the
blood following administration of these isotopes give a
first approximation of the mean marrow dose.’" %

Comments

90. The mean marrow doses caused by external radio-
therapy are, of course, much higher than the ones caused
through X-ray diagnosis. A diagnostic examination of
the lumbar spine results in a mean marrow dose of 100-
400 mrem, but the treatment of this site for non-malig-
nant conditions may give a mean marrow dose that is
100 times greater. In certain types of radio-therapy for
malignant conditions, the mean marrow doses may be
even higher.

DOSE TO OTHER ORGANS AND TISSUES OF
SPECIAL INTEREST

General remarks

91. The organs and tissues which, in addition to the
gonads and the bone-marrow, are usually considered of
special interest with regard to radiation doses are the
foetal tissue, the lenses of the eyes, the thyroid, skin,
and the liver. Information regarding the effects caused
by the irradiation of these organs are given in annex D
together with analyses of the radiation doses which have
caused them. Other information is given in the report
of the meeting, held at the Committee’s invitation, of the
ICRP/ICRU Study Group in 1960.%

Data

92. Table XXXIX gives a few examples of the radia-
tion doses which may be received by these selected tissues
as a consequence of various radiological procedures. The
doses must not be considered as being the results of
extreme circumstances but as figures obtained from
radiological procedures at present or recently used in
various countries, Particular points regarding each tissue
are given in the following paragraphs.

Foetal tissue

93. During the first two months after conception, it
may happen, because of unawareness of pregnancy, that
women undergo various kinds of radiological procedures
which would not have been performed if the pregnancy
had been known. Because of the small dimensions of the



foetus at this stage, the foetal dose can be regarded as
the same as the dose to the maternal gonads, Data regard-
ing the incidence of malignancies following irradiation
in utero are given in annex D, paragraphs 277-285, and
table VIIL.

Lens of the eye

94, Full mouth examination and encephalography are
two X-ray diagnostic procedures which may give sub-
stantial doses to the lens of the eye. Similarly, treatment
of lesions of the eye, or in the region of the eye, may
also contribute high doses. Data regarding the formation
of cataract or lens opacity is given in annex D, para-
graphs 91-93, 289-307 and 443-445.

Thyroid

95. Tests of thyroid functions are ifrequently per-
formed in most countries. The dose to the normal adult
thyroid is about 1.5 rem per uc administered 1?32, Barium
swallow and examination of the cervical spine are as-
sumed to be the two types of commonly performed
X-ray diagnostic procedure which give the highest dose
to the thyroid. The treatment of hyperthyroid conditions
and heart conditions with 1'% gives doses of the order
of 10,000 rem to the thyroid (see para. 96 below)
(D, 286, 402-404).

Thymus

96. In some countries enlarged thymus glands have
been treated by radiation with doses of the order of 200
rem. In annex D, paragraphs 263-272, 485 and table VI,
data are given regarding surveys carried out on the
incidence of leukaemia and thyroid cancer in these
patients.

Liver

97. The use of thorotrast as a contrast medium in
diagnostic radiology has been curtailed since its possible
deleterious effects have been recognized. The effects
observed are sequelae at the site of injection and the
induction of liver malignancies. Reports of surveys of
patients injected with thorotrast have been given by
Hursh et al.,*® Baserga,® Looney® and Blomberg ef a/.®
Studies of the radiation doses received have been carried
out by Rotblat and Ward®® and Rundo.** % A comparison
of the doses to various body tissues over twenty years
from an injection of 20 ml thorotrast is given in table XTI
from Marinelli.®®

Reduction of doses to various organs and tissues
including the bone-marrow

98. Earlier in this annex (paragraphs 41, 42, 61) the
Committee has considered ways of reducing the doses to
the gonads. Most of these measures are also applicable
for the reduction of doses to other organs and tissues
and can be summarized as follows:

(e) Improved methods of radiological procedure;

(b) The use of strictly appropriate physical condi-
tions of exposure, including the smallest possible radia-
tion field and good collimation of the beam ;

(¢) The reduction of the incident skin dose, e.g. by
reducing fluoroscopy time;

(d) Satisfactory shielding against leakage radiation;

(e) The use of radio-active isotopes in diagnostic in-
vestigations utilizing in vitro rather than in vivo tests and
the use of the nuclide with the shortest half life con-
sistent with the requirements of the investigation; for

example, 1132 may be used rather than I*3 for some thy-
roid investigations.

(f) Well-trained staff of all categories for the per-
formance of the procedures.

FIELDS OF RESEARCH

99. The present state of knowledge requires that con-
sideration should be given to the following items and
that research in these fields should be encouraged:

(8) The promotion of statistical studies concerning
the number of people medically exposed ;

(b) Follow-up studies on the offspring of pregnant
patients having radiological examinations or treatments
of the pelvic region;

(¢) Follow-up studies of patients having had (i)
radio-therapy for non-malignant conditions such as
ankylosing spondylitis and enlarged thymus; (ii) I*%
treatment, or (iii) diagnostic examinations using thoro-
trast as a contrast medium;

(d) Investigations aimed at defining good practices
in diagnostic radiology so that minimum gonad doses are
received ;

(e) Investigations of the effect of dose-rate on the
production of mutation;

(f) More quantitative information on the distribu-
tion of active marrow and how it varies with age;

(g9) Investigations of the dose received by the bone-
marrow during radiological procedures.

II. Occupational exposure

100. In the introduction to the present annex (para.
3) the Committee considered the term “occupational ex-
posure” as being applicable to all activities involving
exposure of individuals to ionizing radiation in the
course of their work, regardless of whether they are
directly engaged in radiation work or not.

NUMBER oF INSTALLATIONS AND RADIATION WORKERS

101. Work with ionizing radiation is usually subdi-
vided with regard to the purpose of the work as follows:
medical (diagnosis and therapy), dental, veterinary,
industrial, research and educational, and atomic energy.
Table XLI gives the range of the number of X-ray
installations* per thousand of total population for these
purposes in the Netherlands,®” New Zealand,*® Norway,
Sweden,” Switzerland, ¢ and two areas of the United
States of America, New York City™ and California.™
Most of the installations for medical and dental purposes
have X-ray apparatus only. The number of X-ray in-
stallations used for veterinary, industrial, and research
and educational purposes, is at present very small com-
pared with those used for medical purposes.

102. Only a few data exist on the number of installa-
tions where radio-isotopes are used. In California, work
with radio-isotopes is performed in 6 per'cent of the
total number of installations and most of this work-is
done where X-ray work also is performed,”?.Even if
work with radio-isotopes is carried out in the majority
of hospitals and of industrial and research installations,
the large number of private medical and’dental’ practi-

* “Installation” covers afz}‘debért‘mexif;or pfivate practxce.Ifa
hospital has a central X-ray department as well as X-ray facili-
ties in various ‘ther séctions of the hospital, each one is counted
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tioriers using X-ray apparatuses: exclusively, keeps the.
figure low as’compared to X-ray- installations. It does.
not-seém- likely that in any country the numberiof. in-
stallations: where radio-isotopes. are -used would :sur-:
mount 10-20 per cent of the total nuritber of installations.-
103. Table XLI alsogives the ranges of the numbers’
of individuals per 1 OOO of the population directly occu-
pied in radiation work in the countrles listed in para-
grapthl SR : ‘ Co ;

RECOMMEND-&TIO\T: ON’ THE CONDITIOIVS OF WORR ’

104. Recomrnendatlons rega.rdmg the _exp0sure of
workers: to. ionizing ‘radiation have been made by the,
ICRP.* The doses to which their suggested limits apply’
do not include the contributions from natural sources of
radiation, or. from the exposure of the workers for medi-
cal reasons. The maximum permissible levels of exposure
are-kept under.constant survéillance and. the. présent
recommendations state that for the dose “accushulated’
in the-gonads, the blood: forming organs‘and: thé: lenses
of the:eyes; at:any age over 18, shall be governed by the:
relation:D-= 5 (N—18) rem:where Distissué dose in:
rem:and N:is age in years”. The ICRP goes on::“To the-
extent- the formula’ permits, &n-occupationally exposed’
person :may: accumulate: the -makimum: perm1551b1e dose:
at-a'rate not in' excess of' 3- rem. during ‘any period:of
13 consecutive weeks' . Exposure limited to-eértain: parts-
of-the'body, such as, the ‘extremities, orto single:organs;!
asiin:the case of internal exposute, iis:subject to speciali
recommendations allowing :somewhat -higher: ‘doses.:
Based on these: recommenidations: many national-andfin:;
ternational organizations have produced their own: rules:
and recommendations.
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Doss ANFORMATION FROM INDIVIDUAL MONITORING

103 Table ‘{LII 'sets out average: ﬁgures for the an!
riual' eccupational- exposule to:ihdividuals from. external.
X and-y-ray:sources:in various kinds of radiation.werk:
in Argentina;,*® Canada,’ the Nétherlands#" Norway,™:
and the United: Kingdom.”In Norway: and the United:
Kingdom; for which dosesare given separately for diag-:
nosis-and thérapy, ‘the: annual doses in therapeutic work:
are ‘higher’ than'in diagnosis: Thisinay be:explained by’
the fact that therapeutic work involves the handling:6f!
radium applicators. It is necessary that there be a con-
tinuous improvement of protectlon devxces espec1ally for
work with radium apphcators HEUST T )

106: Even though”the average vaIues recelved by
workers are ot 1nter . the dxstrtbutron of dos"" a;nd the

level .is of ‘more 1mportance A comprehenswp analysxs
of “'thé 'dosés’ recéived by 'the 12,000 workers * ‘in "the’
Federal Repiblic'of Germany ha’s'béen-given by Wachs-
mann’'and shows for the years’ '1952t0,1959" the gradua[
réduction in the niumber of persons e}sceedmg the'rec:
ommended' level! It 1952, 23 pet’ cerit exceeded 04
rem/mo while in; '1958' only 41 pert ¢eént were observed. .
The division -of these’ mto medicine, ‘indistry and rel:
search “showed that 31 per cent, 12 per cent, ‘and’14 per/
cent’ respechv f'the’ personnel workmg in‘these ﬁeIds
exceeded 5'rém/y. It is known that there has been over:
the last decade a great improvement in the dosés réceived'
by-workers so-that repotts®?: 777 show that.only' 0.1-0.5
per:cent:0f ‘the:.dose meastirements 'show-doses.of such-a:
magnitude that: the individual, if these doses continited:
to-be recorded, would exceed the maximumi perrmssxble
annual or’ quarterlv levelsy oo i 2 in chi et e son e

"

+107. For atomic efiergy work; detailed results have.
been., published  on.-the extensive -monitgring of indi-.
viduals for- -dccupational exposure. Table XLIII gives;
data.on occupational: exposure from penetrating radia-,
tion at Oak Ridge National Laboratory, United States,’s
the. establishments of .the :United Kingdom Atomic;
Energy Authority,™ (.»’-\rgentma,36 Canada"’ and the
United Arab Republic.® ¥ : Chr

“Internal- contanmzatwn SRR

108 As. far as occupatronal exposure caused by in-’
ternal ‘contarination of the body by radlo -isofopes- is
concerned surveys are frequently ‘made.on 'the radio-’
actmty in the an: and, water ard by Whole body counting:
and urine surveys the inhaled or ‘otherwise absorbed’
radio-isotopes hay be estrmated Durmg usual workmg
conditions . the’ surveys' ‘Have ‘given | ‘concertrations far!
below the hxghest pe1m1551b1e concentrations, corrected
to allow for occ‘upationa.l exposure by e:\ternal radlatlon
At Qak Ridge/, National Labg.'gr;;tory’E the level ‘of ai
contammatlon in the laboratorles durmg 1959 whas only
0.4 per cent of thé'aésiimed maximum permissible co-!
centration. (10°% ucfem®iof: air) . Regarding surveys of
body burdens of radio-isotopes, .practically no.concentra-,
tions beyond the maximum :permissible; ones have. been'
detected for radio-isotopes.other than-uranium.?8: ;...

M mmg mdusmal’ processmg of uramum and: tl;ormm

15

.i09;, ngh eoncentrat;ons of, radon, -and: ,thorod a{nd
daughters exist in mines. In areas of.:poor ventila tion :
where high-grade uranium ores or radium enriched rési-
dues are stored, the radon concentrates may, be as high
as 10 to 107 p.C/Cm3 of air® xp’erience ‘has shown,
however, that the concentrations of radon:datghtér prod-
ucts’-can:-be:greatly -teduced: by, forced: venfilation:83;
During’ the: mdustnallprocessmg of tiranium: and tho—c
rium; fine‘dusts are oftén.producéd and precautions:rhust:
Yetaken to prevent inlialationiof thetn.%: %% Consideration;
of' these: hazards. is.given.in therreport ofi the! United;
States National.Acadeny:-of:Science: on (thé. :eﬁects ofy
inhaled: radio-active particles,®* which also gives data
regarding: the radont concentration. in. seventy-five: ura-
nium mines surveyed.in.Utah. Information‘is also avail-
able fof'the Argent1man % .Canadian;® French{®"siand
South African® uranium mines, and.the phosphate mmesL
m the Umted Ara"b Re ubhc.f" Smce uranxum 1s excréted
very rapxdly fromr the body, con.centratlonq ,f“th fso-’
tope ‘can easily be,detected in r{ian In 'the workers in
Argentlman‘“’ 1es mean leyels of uramum in the urme{'
vary from 2-29 rmcrogrgms eﬂtcreted per 24 hour x,l )

LTSRAL RS

(

memzmg md ustry

110. Total body buirdens of 273 | persons employed in
the: Juminizing® industsy have-been .measured in’ithe
United Kingdom.*{Ten"of- these were jfound tothave:
body: burdens‘in ‘eXcess: ofi 0.1 e iradiufm, ithe highest;
being 0.6iuci Twenty-nine persons had: burden's between*
0.05 pc and 0.1 pc and 234 had burdens les§ than (.05 yc::
All those persons having burdens above 0.05 pc were
employed before the introduction, in 1942, of the first
regulations. An incident involying the occupational con-
tamination from Sr* used in the luminizing mdustry has
been reported from Czechoslovakxa o »

merqml ],et.ax_rc,ra_ftﬂy.,at:an alt;tude of.8-12 l\,m‘,(25,000-
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40,000 feet), while military jet aircraft may reach an
altitude of 16 km (50,000 feet). According to estimates
in the United Kingdom™ and in the United States,®
the annual radiation dose to a crew at 16 km amounts to
400-500 mrem. At an altitude of 12 km, the correspond-
ing dose is around 300-350 mrem. Dose figures relate
to a northern latitude of around 40°, assuming 80 hours’
flying time per month. .

112. It is anticipated that supersonic transport air-
craft, if and when they become commercially available,
may fly at altitudes of up to 26 km (85,000 ft). Aircraft
crews might be expected to fly a maximum of 40 hours
per month at these altitudes. It has recently been calcu-
lated by Foelsche®® that at a latitude of N 50° a crew,
under these assumptions, would be exposed to an annual
dose of approximately 1,500 mrem. However, during
intense solar flares a few hours’ supersonic flight at an
altitude of 24 km may cause a dose of 8,000 mrem.
If these solar flares can be predicted in advance, aircraft
flying at very high altitudes would be able to descend to
lower altitudes before the peak activity is reached.

113, The contribution to the dose from contamination
of an aircraft by surrounding radio-active particles can
be disregarded, although the exposure of maintenance
staff has received some consideration,®-®3

114, Consideration®* has been given to the computa-
tion of the radiation likely to be received by space crews
and also to the problem of determining the dose due to
protons in solar flares.? ¢

GENETICALLY SIGNIFICANT DOSE

115. By the use of dose information obtained from
individual monitoring, the genetically significant dose
from occupational exposure has been reported from a
number of countries. Allowance has been made for the
age distribution of the workers. The estimated annual
genetically significant doses calculated from formula 11
(see appendix) give the following results:

Dose mrem Year of Estimation

Austrial?® | .. iiiiiiiiieeia. 02 1955
Nethe\rlands“" ................... 0.3 1960
United Kingdom™5 ,...c0vvnennnss 04 1959

In the United Kingdom, the contribution to the geneti-
cally significant dose from atomic energy establishments
has been calculated to be 0.15 mrem. There is no reason
at present to assume that the genetically significant dose
from occupational exposure in other countries would
considerably exceed the figures listed above.

MEAN MARROW DOSE

116. No data are available on the actual mean marrow
dose from occupational exposure. However, the values
given in table XLII may be regarded as the dose at the
skin and therefore the bone marrow doses will be con-
siderably smaller.

IV, Other exposures

117. In addition to the doses received by individuals,
either as patients undergoing medical radiological pro-
cedures or by radiation workers during working hours,
irradiation may come from other man-made sources.”
These comprise such sources as X-ray fluoroscopy for

* Environmental contamination is dealt with in Annex F.
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shoe fitting, luminous markings in clocks and watches
and other luminous devices, and television sets. The
public living in the vicinity of radiological installations
and passengers in aircraft may also receive additional
radiation. Some of the more important sources are con-
sidered in the following paragraphs.

RADIOLOGICAL INSTALLATIONS

118. Members of the general public living near or
having access to these installations may receive small
doses mainly from scattered radiation. The Committee
notes that the ICRP* has made recommendations that
such people should not receive from such exposure more
than 500 mrem per year in the gonads, the blood forming
organs and the lenses of the eyes,

X-RAY FLUOROSCOPY FOR SHOE FITTING

119. A survey by Seelentag and Peck®” has compre-
hensively reviewed the literature regarding the doses
received from these machines. They also report measure-
ments on ten different units. The average annual genetic
dose to the population of the Federal Republic of Ger-
many was estimated as 4-7 microrem per year. The
Medical Research Council of the United Kingdom?
estimated in 1956 that the annual genetic dose in that
country from this source was not more than 0.1 per cent
of that received from natural background and that after
the full implementation of present legislation (by 1963)
the dose would be reduced to some 0.01 per cent. In
several countries fluoroscopy for shoe fitting has been
prohibited since it is regarded as causing unnecessary
radiation exposure.

LuMINOUS MARKINGS IN CLOCKS AND WATCHES

120. Reports of the activities of watches and clocks
have been made in Germany,® Norway? Sweden,%
Switzerland** and the United Kingdom.” These show
that there is a wide variation in activities of watches
and clocks up to about 0.5 microgram of radium with a
mean value of about 0.1 microgram. Estimates of the
annual genetically significant dose from this source are
2.6 mrem,® 1-3 mrem,**® 8 = 3 mrem,*®* and 0.5 mrem.™
The annual dose to the sales staff has been estimated as
90 mrem.®®

TELEVISION SETS

121, The ICRP? has recommended that the dose-rate
at any accessible point 5 cm from the surface of any set
used in the home or place where the public is likely to
be shall not exceed 0.5 mrem/hr under normal operating
conditions. Braestrup and Wycoff*®> have shown that
at 15 kV, the normal operating voltage of home television
sets, the dose-rate at the surface of the screen is about
1 mr/hr. However, most sets are provided with a further
plastic or glass sheet which reduces the dose-rate, but
when these sets are operated above normal voltages, for
testing purposes for example, then the dose-rate may
be increased greatly. Operation at 24 kV increased the
dose-rate by a factor of 1,000. It has been pointed out
that colour television tubes operate at about this voltage
so that further shielding is required to conform to the
ICRP recommendation.

122. The dose-rates received by the operators of pro-
jection TV units working at 80 kV may be of the order
of 10 mrem/hr, but high dose-rates of the order of
1 r/hr have been measured close to the tubes. However,
these are not in the direction of the audience.2°?



123. Braestrup'®® has estimated that the average
gonad dose from home television is much less than
1 mrem/yr.

PASSENGERS IN AIRCRAFT

124. The enhanced cosmic radiation experienced in
aircraft makes a negligible contribution to the total dose
received by the population at the present time.

TUSE OF NUCLEAR POWER IN SHIPS

125. Information has been given of the predicted
radiation levels to the workers and public from the use
of nuclear propulsion in ships.*®* 5 The doses received
by occupationally exposed workers were on the average

about 0.5 rem/y and were up to a maximum of 1-2
rem/y.>*® The activities discharged as waste from these
vessels are unlikely at the present time to make any con-
tribution to the dose received by the general public,

GENETICALLY SIGNIFICANT DOSE

126. The use of these miscellaneous sources is likely
to contribute about 2 mrem/y, mainly from the use of
luminizing of clocks and watches. However, with the
increasing uses of miscellaneous sources of radiation,
none of which individually contribute an apprec:able
dose, the total genetically significant dose may be ex-
pected to increase slightly.

Appendix

1. A general definition of genetically significant
dose has been given in paragraph 9 above. Approxima-
tions must be made to calculate this dose, the most
obvious being consideration of groups rather than
individuals. It is convenient to start with the approxi-
mate definition*

E 2 ) wiP dP 00 oo Jo
E N Wi ) F N¢ x) W(M))
where
D = (annual) genetically significant dose,

Nyx = (annual) number of individuals of age-class k,
subjected to class j exposure,

N; = total number of individuals of age-class k,

wyi = future number of children expected by an ex-
posed individual of age-class k subsequent to
a class j exposure,

wy = future number of children expected by an aver-
age individual of age-class k,

dx = gonad dose per class j exposure of an individual
of age-class k,

(F) and (M) denote ‘“female’” and ‘“male’ respectively.

2. For the practical work, formula 1 can be simpli-
fied considerably, the first step being to replace the
denominator by w+N, where

NOD

w = y_ﬂ . \V(F) + - . WCM) (2)
N N
and
. 1 * »
w = F E Wy Nk (3)

In the last expression, * denotes the sex. N is the total
number of individuals of the population. It should be
noticed that w-N is about twice the future number of
children expected by the present population even
though the value of w may be as low as 0.8,

3. As formula 1 has w* in both the numerator and
denominator, the numerical value of w has no direct
relevance, and all terms can be expressed by help of
the ratio wyx/w. For understanding of the demographic
background, however, it is valuable to realize that w
must be calculated from the sum of the age-group
products wk «N: for a population, which means that
an assumption has to be made regarding the expected

* The degree of approximation involved in the use of formula
1 depends on the definition of classes j. In theory, there need
be no approximation since the classes may be made so restrictive
as to include only one individual per class,

Sfuture number of children (wy) of an individual in any
specified age-group.

4, The assumption could be that the average in-
dividual will have a future annual child-expectancy
expressed by the present specific annual birth rate.
This makes it possible to calculate, by summation, the
total future expected number of children of an in-
dividual of any age, and hence also the mean for any
age-group. If significantly less than unity, the prob-
ability of an individual of age a to reach age t should
also be considered. Thls gives

WE=t§BCE-At-PZ (t) 4
where
wa = expected future number of children of an
individual of age a. With knowledge of the
function w; of age, the average wy for any
age-group k can be calculated,
Ct = age-specific annual birth rate, i.e., annual

expected number of children of an in-
dividual of age-group t,

At = number of years included in age-group t,

P; (t) = probability of an individual of age a to reach
age (group) t.

5. It must be noted that ¢; may have a tendency to
change considerably before an average individual of a
specified age has reached the age-group in question.
As it is, however difficult to predict the values for the
future, c; has been assumed not to vary with time.

6. W* = wa, is the number of children expected
by the average individual during his whole life. The
range of w™ is normally 0.8-2, and the range of W' is
2-4 for most developed countries. The ratio W/w
ranges from 1.5 to 3.

7. The female and male contribution to the geneti-
cally significant dose can both be written
* 1 E L3 »
D* = TN ? % N wi di (5)
8. If the gonad dose due to an examination of type j
is nearly uniform for all age-classes k, then

d;k = d; (6
approximately for all k, and formula 5 reduces to
. 1
D wN = d; E Njx Wi )
or
L4 » 1 . L]
D,=d]‘W§NJkWﬂ
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¢ where Dj:is the: contrlbunon from ‘type j examination
< ofi the spec1ﬁed sex'to the: genetxcally sxgmﬁcant dose.
’{‘ hxs agam can be wntten as - o

-'J\:'r!N
T=dj . Nl

which is the ‘expression for numeérical’ calculations.

T Lol ‘H

wy o

vi.gl The necessary’ mform'ttnon to make it’po
jt‘:alculate Dy by hlelp of’ formula 8 15° :

I(a) d’! f

S‘Jr

i I/|.vx

16 0 g
-(b): N}N = the;rela;tlve ‘frequency of class ] ekamina-
tion, i.e., the:huimiber:of examinations

per capita, per year:

(¢) wi/w = therelative child-expectancy of the aver-
age individual undergoing class,,j...
examination. T

yTheiiformula s rappli€able ralsosi ta« foetal: rexpo<ure
(w; = W) which must not be overlooked.. :: i

i

SR UN Often'd, Varies: ‘conslderably- from: hospxtal to
\hoépital; ‘Most of ‘the' uncértainty’in-éstimatesiof :D,
“ig’ prob::lbl}J dire’to the difficuity of estxmatmg a rehable
'avex‘age offdi fora! populatlbn el B

Sfi0 g Yo feanlingy 50 wndinnn huiasian i

vaic11:11f there are;no datajon.the. chlld-expﬁctancy 'of
.ithe- patients;;an ,apprommate,,esnmate of Dj.may.be

which" thepatient is examined. wj-can then be cal-
:culated from' the age-distribution‘of. thé patients a.nd
the normal child-expectancy for each age-group, -
SR> ¥ Ngo o 0 E 6 iage
an:Nn: ¥ wx Nge
::," et N. - = o N.» e il ._‘ N 1(9)
whexie‘w can' be takeﬁ frorb ormu _a‘4 }f W,/w is not
given in the prxmary material, it may be recalculated
from Nj/N, d” and this, approx1mat10n -of Dj, but will
Jin that case reﬂect only variations in, the age- dlsmbu-
“tion 6f“thé patlents exammed and_not lndlcate .any
dependencei of ch:ld expectatlon on'type of exa.xjr'nna-

S

H . :A‘v'

I

‘

:H S ‘l:..’;"‘ EE LS T )"‘ 3 '{1

12. In the case where the age- dlstrlbutlon in an
examination class is not known, a yet more simplified
axssumptxon may be used, namely

“wy = W° for all persons below mean age of child-
. bearmg,

= () for all peraons above mean age of child- beann,g.

,,,,, 1s .the total dumbe; the dpulaﬁlon ‘below ‘the

mean age “of ’hnld beat‘mg, 1t foIIOWS ﬁ-om formula‘ 3

)il.
(S TSR

‘that e
. SEE LG Ar:l-.,.,v' s . i
= . w. ll;;!f}f:i}!)il ol (.10)

N‘
whlch is also,;mdn‘egtly, a definition of the ' mean age
(6f child- bearmg F ormula 8 reduces approxxmatély to

.....

lm.ade under,the,assumptxon ,that;d;e'dnld-expeqta,ncy D! = n_, . d § . ny: g 1)

is not influenced by the natune of .the icondition. for T n '~ nhn N ! ot

) < . ) ,.’.v.f:!t oo de wlinnhis ‘\5;.3"“4,;;') - (1

(-') (‘) a0 il 19 , 1"- ; R ,_,E BTN S ; ST ,;:n )‘ " ” Yoy HIT (f‘;r;;““;) B ;Al‘;/J
Gty RS FR PR fosabs g i(is:::

fie G0 posbinty Yo st sangt boios ek npnGo slenhivitad G i 10 Vi

a3 o oubeveond IV L eea S rrh,\‘]’)lu s onnova g T ,,l: T PR O TE A} B

N o e Goesi s Gl TS pabiopnd G sy R o by TR

REYIN ITSN T MNTH RS RN AN LIS
ongne oo eiin (Gt bongnc L ABE I A\WUAL FREQUF.NCES or}gRAY EXAMINATIONS 1,1; |I; Y i "
R ‘ ““ ,(‘ ‘r‘“ ’,it' } i Annual pumber alx-my,gxamma:sons ﬁer;l;ol)o 9[/6!’4}1’}3}&?2';‘1';0;,'13“ )
) T " .' b <ib Exammal;ans.czccpl ‘mass R 45
R CH SRR O B ni Lo e P, 14'1:!{ 1 ‘ i Surveys and denial Mass surveys - - A
N C'ountry,,of‘aual 'n’h iVear qﬂ:mdy ; vvmgnﬂea/z:d; (R'ad;ogmﬁhy- ! Fluoroseopy - Radiography: 1\ - Flioroscopy o i00iDendol )1 Reference
. l- IR , . e PEPS SR &
(Argentina (qunos,Alres) 1950-1959 , o _6 000 000, . 270> ,Vdeata '805 e Not apphcable ! N6 data foL 4
stralia ... 1955—1957 v 9500000 & 4800 T el qgge” 4 Not apphcable "Nodata: - 32,83
Alistria’ . 1955—1958 i 6, 974 000 ‘ ‘." 67¢ 310e 25 25 '‘No data'::53:119
Belgmm‘ ‘1958 e 8924 000+ No data , Nodata . 130" % 21 4 No data 53
*Candda’ - © 11958 SN 17 048,000' 2200 © 30° 90" Not appllcable * No data 106, 107
~Denmark i .¥a .. oie i 1956 ©i . 4,466,000 .0 260 —d 140 ' Not applicable 40 g D
]Federal Republicof, - . . - Pt
Qermany (Hamburg) L 195}'—1958 : 1, 753 000 ., 560 1y, 22— 1307 '..Not apphmble 80
i 1957 1958 42 000,000 © -~ 150 —d 40 - 570 No data
Isrgql..._.. Sl U989 412,062,000 1300 1 ,.110,.° . 170 Notapplicable |, .20 .

“taly (Rome).. .ot ' 1957 ¢ i 11,875,000 500 =% . ., 80 . Not apphcable . Nodata,
Japan...........o.n. 1958-1960." :..90,000,000 - 410 ~ © 1320 Not applicable " 105 |
. Netherlands (Lexden).u., 1959 . 110,000 .. . 350 © 2000 ‘130 Not applicable’ " "40v -

“New Zealand . T19s7 P 2,221,000 ) 340¢ Tt tg0el ' Not applicable - 2400 ¢
Norway. ... ... C1bsg T 31525,000°0 711390 —4& =" 210" Not applicable - !* 100'

(Sweden ....... bt ..1958 + 7,300,000 0 0 =1 ..,140 . Not applicable No data
Switzerland........ S 1957 5,160,000 310 330 130 S 60 140 .
Umted Arab Repubhc i e et ST L Ty I

" Aléxandria. . ’ 1959-1960 '. ‘1 3‘61,'7005“ T 36 d 4 " Not applicable 0.3 o 517

Caxro....".'.:"f ........ 1935—-1961’ 11:2,640,0008" "5+ 140 R R i 5‘ i Not apphoable L2 18
{:United Kingdom (except ;.. : R 5 S S !

Northern Irgland)., 1957—1938 50,000,000, v 280 e —de 95: : Not applxcable e dp g
Umted StatesofAmenca 1955 1936 162 000 000~ S 2500 - ohy (800, 135c . . 4000 .

- — -
» Includmg commutors o
b Figures relate to films and not to examinations.
¢ Data are taken from the 1958 report of the United Nations
Scientific Comniittee: on the Effects of° Atomlc Radiation.?

_ 4 Fluoroscopy is generally 'pétformed only in connexion with

N}

*.Not applicable

. N TR
radxography o
{2« Figires feldte to' hospltals only. :
-t Fluoroscopy of the chest not connected w xth radxography but
not miass'surveys. 'l

s Population served by- hospxtals surveved ot

r
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TapLe I, ANNUAL FREQUENCIES OF CASES TREATED BY X-RAYS AND SEALED RADIO-ACTIVE SOURCES

Annual number of cases per 1,000 of

total population
Population at
Country or gres Year of study time of study Malignan: Non-malignant Totsl Reference

Austria........... 1955-1957 6,974,000 4 10 14 119
Canada,.......... 1958 17,048,000 No data No data 1.9+ 106
Czechoslovakia

(Prague)........ 1958 990,000 No data 1.7 — 109
Federal Republic of

Germany

(Hamburg)...... 1957-1938 1,755,000 4.0 8.3 12.3 6
France........... 1957 42,000,000 3.7 2.2 5.9 27
Israel............. 1959 2,062,000 0.62b 3.580 4,120 108
Italy (Rome)...... 1957 1,875,000 No data 1.3 — 110
Lebanon.......... 1956-1960 1,500,000 0.2 0.1 0.3 111
United Arab Repub-

lics

Alexandria...... 1956-1961 1,361,700 0.25 0.21 0.46 18

Cairo,..ovveunn. 1959-1960 2,640,000 0.6 0.7 1.3 34, 35
United Kingdom

(except Northern

Ireland)......... 1957 50,000,000 1.2 1.2 2.4 19

» Figures relate to hospitals only.

b For non-malignant conditions around 70 per cent of all cases. For malignant conditions

around 80-85 per cent of all cases.

Tasre III. ANNUAL FREQUENCIES OF ADMINISTRATIONS OF RADIO-ACTIVE ISOTOPES FOR MEDICAL REASONS
AND THE ANNUAL AMOUNT OF [131, P32 AND Aul%8 FOR MEDICAL USE

Population at

Annual number of cases per
1,000 of total population

Annual amounts of radio-active isolopes
for medical use (curies)>

Country or ares Year of study time of study Diagnosis Therapy = P Au¥d Reference
Argentina. .....cooceneennenn 1960 20,956,000 0.30 0.03 6.0° 0.8° No data 36
Australia...... etereteeenens 1959-1960 9,800,000 0.65P 0.09% 8.2 2.1 4.4 112
Canada...........c..... eeee. 1958-1960 17,048,000 No data 0.04¢ 55.0 541 23.8 106, 113
Federal Republic of Germany

(Hamburg)....ocovvvnnns 1957-1958 1,755,000 1.14 0.204 No data No data No data 6
Israel..oiiiviinnnnnnint, 1939 2,062,000 1.7 0.16 2.5 0.3 34 108
Lebanon..ciiiieiecinnennnnns 1956-1960 1,500,000 0.1 0.01 0.3 <0.1 No data 11
Norway....oovveviviiianinns 1960 3,500,000 No data No data 241 0.5 5.7 69
United Arab Republic:

L 0F: 11 - Y . 1961 2,640,000 0.33 0.42 1.3 0.07 1.1 18
United Kingdom

(except Northern Ireland). .. 1957 50,000,000 0.5 0.08 500 4,20 88 20
United States of America...... 1959 180,000,000 1.2 0.3 No data No data No data 114

s See ph 8 (¢) above. 4 Figures refer to the use of I only.

b Minimum estimate.
° Figures refer to hospitals only.

¢ Figures refer to the quantities actually administered.
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TasiLe IV. DATA ON THE ANNUAL GENETICALLY SIGNIFICANT
DOSE FROM DIAGNOSTIC X-RAY EXPOSURE

Survey, 1950-1959 Argenting (Buenos Aires)*
N‘, o
W X 1,000 d'l (mrem)s D‘l (mrem) D :
Male Female Percent-
T'ype of examination Male Female adults adults Foetus Male Female Foetus mrem oge

A. HospiTaLs aND City CENTRES (RADIOGRAPHY)
Urography (descending pyelog-

raphy) .. oveiiininninieenes 2.7 2.2 700 900 No data 1.9 2.0 No data 3.9 16
Hip, upper femur............. 2.8 3.0 600 600 No data 1.7 1.8 No data 3.5 14
Colon (barium enema) lower GI 2.7 2.7 300 450 No data 0.8 1.2 No data 2.0 8
Lumbar spine........cocvveen 2.4 3.7 200 400 No data 0.5 1.5 No data 2.0 8
Mass miniature radiography... 38 180 10 15 No data 1.3 0.6 No data 1.9 7
Pelvis..viiiiienenianinrennns 11 1.6 600 700 No data 0.7 1.1 No data 1.8 7
Obstetrical abdomen.......... — 1.0 — 800 No data — 1.8 No data 1.8 7
Lumbosacral regiont.v.vovvun.. 1.2 2.3 230 600 No data 0.3 14 No data 1.7 7
Pelvimetry....vovvevennnnnns —_ 0.6¢ — 900 No data — 1.2 No data 1.2 5
Retrograde (ascending

pyelography............... 1.0 0.6 600 800 No data 0.6 0.5 No data 1.1 4

Sup-TOTAL 72 36 7.8 13.1 209 83
Other types of examinationb... 67 56 1.7 2.7 44 17
Sup-toTAL 139 92 9.5 15.8 25.3 100

B. Private CLINICS AND PRACTICES (RADIOGRAPHY)d 4.5¢ 7.5¢ 124
TotaL 14 23 37 100

« Figures are related to radiographs and not to examinations. 4 Estimated figures (see para. 17).

b Does not include dental radiography. * Below mean reproductive age, i.e., (n3/n).

¢ Does not include contribution from foetal exposure.

TABLE V. DATA ON THE ANNUAL GENETICALLY SIGNIFICANT
DOSE FROM DIAGNOSTIC X-RAY EXPOSURE
Survey, 1956-1958 Denmarks
&
« X 1.000 d% (mrem) DS (mrem) Dy

Male FPemale Percent-
Type of exemination Male Female odults adults Foelus Mals Female Foctus mrem oge}
Intravenous pyelography...... 4.3 4.3 1,019 565 4.3 24 6.7 24
Retrograde pyelography....... 0.9 0.4 2,580 1,136 2.3 0.5 2.8 10
Cystography.....vvveennnnne 0.4 0.4 5,078 437 2.3 0.2 2.5 9
Hip and femur............... 2.2 2.5 980 58 2.2 0.1 2.3 8
Pelvimetry......coccveunnnn. — 2.2 — 822 — 1.8 1.8 7
Urethrography......co0vunn.. 04 —_ 3,709 — 1.7 — 1.7 6
Pelvis....ccoevienenninnn. 2.5 0.7 567 210 1.4 0.1 1.5 5
Spine lumbar................. 4.3 34 104 222 0.4 0.7 1.1 4
Abdomen obstetric............ — 2.0 — 190 — 0.4 04. 2
Abdomen AP................ 0.4 0.4 610 85 0.3 0.1 04 2
Sus-TOTAL 154 16.3 14.9 6.3 21.2 77
Foeta! contribution 5.0 5.0 18
+ Other types of examination. . 244 0.7 0.6 1.3 5
TotaL 260 15.6 6.9 5.0 27.5 100
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TABLE VI. DATA ON THE ANNUAL GENETICALLY SIGNIFICANT
DOSE FROM DIAGNOSTIC X-RAY EXPOSURE

Survey, 1957-1958 Federal Republic of Germany (Hamburg )8
N“‘
5 X 1.000 d%, (mrem) D, (mrem) Dy
Males Females Percent-
Type of examination Male Female adults oduits Foelus Male Female Foetus mrem oge
Colon (barium enema) lower GI 3.7 4.0 890 2,530 2,740 1.87 4.03 0.19 6.09 34
Hip, upper femur............. 2.6 3.2 1,520 214 255 3.15 0.17 0.01 3.33 19
Urography (descending
pyelography)............... 5.1 3.6 241 439 476 0.70 0.7 0.04 1.45 8
Lumbar spine................ 11.2 10.2 63 183 178 0.52 0.72 0.04 1.28 7
Pelvis....cooviiiiiiiinnnnnes 3.8 3.7 275 94 166 0.90 0.24 . 0.01 1.15 7
Obstetrical abdomen.......... -_ 0.32 — 680 677 — 0.22 0.54 0.76 4
Stomach (barium meal) upper GI ~ 23. 16.9 65 67 63 0.11 0.47 0.02 0.60 3
Retrograde (ascending
pyelography) . ............. 1.2 1.1 311 657 720 021 027 0.02 0.50 3
Abdomen...........ciiieunnn 4.6 2.9 88 128 167 0.27 0.20 0.01 0.48 3
Pelvimetry...ococvvvvvennnnn. — 0.05 —_ 600 2,900 _ 0.03 0.37 0.40 2
SuB-TOTAL 56 46 7.73 7.06 1.25 16.04 920
Other types of examination. ... 369 299 1.07 0.61 0.02 1.70 10
TortaL 425 345 8.80 7.67 1.27 17.74 100
* Denotes mean figures of gonad dose. After detailed calculation of D; formula 8 was used for obtaining d;.
TasLe VII. DATA ON THE ANNUAL GENETICALLY SIGNIFICANT
DOSE FROM DIAGNOSTIC X-RAY EXPOSURE
Survey, 1957-1958 Frances-10
M
v X 1,000 d“ (mrem) D"’ (mrem) D;
Male Female Percent-
Type of examination Agle Femals adults adults Foetus Male Female Foetus mrem age
Chest (heart, lung) ........... 340 230 300 No data 38e Nodata 38 65
Abdomen.................... 3.7 4.4 1,500 1,300 No data 5.58 4.62 No data 10.20 18
Hip, upper femur............. 2.1 1.7 1,200 180  No data 2.61 0.23 No data 2.84 S
Urography......coovvvnnnnn. 2.1 1.8 390 4,500 No data 0.32 2.30 No data 2.62 4
Lumbarspine................ 3.0 2.4 250 700 No data 0.48 0.80 No data 1.28 2
Obstetrical abdomen.......... — 0.2 — 1,600 No data — 0.80 No data 0.80 1
Urethrocystography........... 0.7 0.5 1,900 1,800 No data 0.24 0.23 No data 0.47 1
Stomach (barium meal) upper GI 5.9 3.8 90 300 No data 0.14 0.29 No data 0.43 1
Colon (barium enema) lower GI 2.0 2.5 134 264 No data 0.14 0.23 No data 0.37 1
Pelvimetry................... — 0.02 — 1,200 No data — 0.02 No data 0.02 0
Sus-TOTAL 360 247 9.51 9.52 57.03 98
38
Other types of examinationd... 84 65 0.22 0.96 1.18 2
Torar 444 312 9.73 10.48 58.21 100
38
* Does not include contribution from foetal exposure. figure cannot be split into male and female dose.
b Mean value for the dose to testes and ovaries. 4 Does not include dental radiography.

¢ Since d; is given only as mean figure for the gonads the dose

393




TAsLE VIII. DATA ON THE ANNUAL GENETICALLY SIGNIFICANT
DOSE FROM DIAGNOSTIC X-RAY EXPOSURE

Survey, 1957 Italy (Rome)11
M . .
& X Looo d fmrzm) D, (rmrem) Dy
Moale Female ’ Percent-
Type of examination Male Female cdults adulls Foetus Male Female Foetuss mremd age
Digestive tract. ... ....vn.... 27.8 14.2 123 411 No.data 3.08 5.25 8.33 19
Hip,femur.................. 6.1 7.0 586 223 No data 3.93 1.09 5.02 12
Urography (descending ‘ .
pyelography)......caivenns. 5.2 3.4 940 1,060 No data 244 2.52 4,96 11
0 T 5.0 4.7 1,130 330 No data 3.38 - 1.40 4.78 S
Lumbar spine........... enne 7.9 4.8 234 570, No data 2.03 2.19 4.22 10
Bariumenema........cc0vn.. 4.7 2.4 239 1,050 No data 1.01 2.27 3.28 8
Cholecystography...cceuveaes, 9.1 11.6 12 156 No data 0.12 1.27 1.39 3
Abdomen............. S 5.2 34 141 210 No data 0.66 . 0.64 1.30 . 3
Obstetrical abdomen.......... .= 0.8 — 399 No data s — 0.59 0.59 1
Pelvimetry...........:. Ceeenn — 0.1 — 1,250 No data — 0.23 0.23 1
Sus-ToTAL - 71 .52 16.65 17.45 . 34.10 79
Fostal contribution*... .. Vieeeae o 2.59 2.59 6
Other types of examination®.. 276 174 4.15 2.57 6.72 15
‘TotaL 347 226 20.80 2002 259 4341 . 100
» No figures subdivided into various types of examination are "~ contributions. B Tt ‘
available. ¢ Does not include dental radiography.
b The figures for D; are the sum of the male and female
TaABLE IX. DATA ON THE ANNUAL GENETICALLY SIGNIFICANT
DOSE FROM DIAGNOSTIC X-RAY EXPOSURE
Survey, 1958-1960 Japaniz
Nt
N_, X 1,000 d‘i (mrem) D‘, (mrem) Dy
Male Female . Percent-
Type of examination Male Female adults qdig’t; ) Foetus Male Femele Foetus mrem oge
Stomach (barium meal) upperGI 53 33 4.3 74, No data 0.69 10.92 No data 11.61 30
- o (28) (2,660} i '
Colon (barium enema) lower GI 5.0 4.5 220 81 No data 4.01 4.28 No data 8.29 21
B ' (2,390) (4,320) ‘
Lumbar spine................ 7.6 3.6 767 121" No data 4.36 0.19 No data 4.55 12
Lumbosacral region.......i... 3.7 1.6 1,700 116 No data 444 0.06 No data 4.50 12
Hip, upper femur............. 4.7 6.0 691 30.5 No data 1.93 0.46 No data 2.39 6
Pelvis.....ccoviiiiinene... 1.6 1.5 1,490 80 No data 1.58 0.08 No data 1.66 4
Chest (heart, lung)........... 103 65 1.0+ 8.0 No data 0.41 1.07 No data 1.48 4
(0.6) (78)
Urography (descending ’
pyelography)............... 3.6 2.6 631 92 No data 1.27 0.13 No data 1.40 4
Obstetrical abdomen.......... — 1.1 — 162 162° — 0.12 0.30 0.42 1
Pelvimetry......covieevnnnnn — 0.15 — 322 322» —_ 0.03 0.09 0.12 0.3
Scs-ToTAL 182 119 18.69 17.34 0.394 36.424 96
Other types of examination®.... 74 37 1.82 0.79 No data 2.61 4
TotaL 236 156 20.51 18.1 0.39¢ 39.0¢ 100

* Dose figures relate only to the radiographical part of the
examination. In around 8 per cent of chest, 38 per cent of stomach
and 50 per cent of colon examinations, fluoroscopy is performed.
The figure within brackets denote the gonad doses arising from
fluoroscopy. The values of Dj refer to the total from both radio-
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graphy and fluoroscopy.
b The dose is assumed to be the same as to the maternal ovaries.
° Does not include mass miniature and dental radiography.
4 The figure implies contribution from foetal exposure only
from obstetrical examination.




TasLE X. DATA ON THE ANNUAL GENETICALLY SIGNIFICANT
DOSE FROM DIAGNOSTIC X-RAY EXPOSURE

Survey, 1959-1960 Netherlands (Leiden )13
iv“
i X 1,000 d“ (mrem) D‘l (mrem) D;
Male Femaole Percent-
Type of examination 3ale Female adulls adults Foetuss 3ale Female Foetus mrem oge
Urography (descending
pyelography) ......... ..t 5.6 3.0 512 604 604 1.16 0.62 0.08 1.86 27
Hip, upper femur............. 1.6 2.1 3,323 140 140 1.48 0.04 n 1.52 22
Colon (barium enema) lower GI 3.7 2.6 25 613 613 0.03 0.50 0.08 0.61 9
Lumbosacral region........... 1.9 1.5 60 790 790 0.07 0.46 0.07 0.60 9
Pelvis...ovovvieviiiviiennan, 3.4 34 157 142 142 0.35 0.19 0.01 0.55 8
Urethrocystography........... 1.1 0.3 423 1,608 1,608 0.1t 0.30 0.03 0.44 6
Abdomen..........ouiennnn. 3.7 2.6 92 132 132 0.18 0.16 0.01 0.35 5
Lumbar spine.,.............. 4.5 3.3 16 47 47 0.03 0.06 0.01 0.10 2
Obstetrical abdomenb®. ........ — 0.1 — 100 100 — 0.01 0.02 0.03 <t
Pelvimetry....o.oovvvvnnnnnn. — 0 — — — — 0 0 0 0
Stus-ToTAL 26 19 3.41 2.34 0.31 6.06 89
Other types of examinatione.... 282 222 0.32 0.36 0.05 0.73 11
Torar 308 241 3.73 2,70 0.36 6.79 100
* Doses are the same as for female. radiography.
>The position is not justified by the magnitude of the dose. n = negligible,
2 Does not include mass miniature radiography and dental
TanLE XI. DATA ON THE ANNUAL GENETICALLY SIGNIFICANT
DOSE FROM DIAGNOSTIC X-RAY EXPOSURE
Survey, 1938 ’ o Norwayls
N‘l
¥ X 1.000 d‘l (mrem) D" (mrem) D;
Male Femcle Percent-
Type of examination Male Female aduits adulis Foetus» Male Female Foetus mrem age
Lumbosacral region........... ”
Lumbar spine. ............o.. 119 9.2 130 592 592 0.78 1.81 0.12 2.71 27
Colon (barium enema) lower GI 3.0 34 185 2,050 2,050 0.16 1.19 0.09 1.44 15
Pelvis..oooviiiianiiiiinnn, 5.7 5.9 376 135 135 0.92 0.29 0.01 1,22 12
Urography (descending
pyelography)............... 3.8 3.5 217 403 403 0.37 0.51 0.03 0.91 9
Hip.ooviiiiiiiiiiniieainne, 34 6.0 384 159 159 0.61 0.20 n 0.81 8
Pelvimetry....cocvvevevn i — 0.3 — 800® 900t — 0.19 0.50 0.69 7
Femur.........coiiiiiinan, 1.4 1.4 407 10 10 0.58 0.01 n 0.59 6
Obstetrical abdomen.......... — 0.3 — 400v 600b — 0.10 0.34 0.44 4
Abdomen...........ceevvnnn. 3.3 3.0 65 178 178 0.12 0.27 0.01 0.40 4
Stomach (barium meal) upper GI  14.4 11.2 2.8 17.5 17.5 0.05 0.07 n 0.12 1
Sus-ToTAL 47 44 3.59 4.64 1.10 9.33 93
Other types of examination.... 320 294 0.30 0.32 0.02 0.64 7
ToraL 367 338 3.89 4.96 1.12 9.97 100
» Except for obstetrical examinations, the doses are the same b Estimate and calculation based on exposure data.
as for female. : ) n = negligible,
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TasLz XII. DATA ON THE ANNUAL GENETICALLY SIGNIFICANT
DOSE FROM DIAGNOSTIC X-RAY EXPOSURE

Survey, 1955-1957 Swedens
Avt
T‘ X 1,000 d‘, (mrem) D‘: (mrem) D
Male Female Percent-
T'ype of examinstion Maole Female adults adults Foetuse Male Female Foetus mrem age

Lumbosacral region........... 9.1 7.0 940 490 490 630 136 0.4 780 21
Lumbar spine........ Crieesenn . : : * ’ *
Pelvimetry..:....covvvvinnnns — 0.6 — 1,080 4,500 — 0.28 6.40 6.68 18
Urography.....ccovvvvninnnn, 5.3 3.8 1,240 925 925 3.48 1.77 0.16 5.41 15
Pelvis.....oviviiivinieienn.. 4.1 4.2 870 200 200 2.70 0.40 0.03 3.13 8
Abdomen......cooiievirenann 2.5 2.4 1,360 1,150 1,150 1.78 0.93 0.11 2.82 7
Colon..iivieriienannennnnnss 4.1 5.0 310 1,520 1,520 0.56 2.03 0.21 2.80 7
Hip....... ecttacaseasaanans 2.6 4.4 1,090 260 260 2.19 0.25 0.01 2.45 6
Urethrocystography........... 1.0 0.2 3700 1,940 1,940 1.57 0.14 0.02 1.73 5
Femur......... Cetreisennan 1.8 0.9 830 35 35 1.40 0.02 0.01 1.43 4
Obstetrical abdomen.......... — 0.6 — 265 910, — 0.06 1.20 1.26 3

Sus-toTAL 31 29 20.0 7.2 8.3 35.5 94
Other types of examination®... 186 188 0.3 1.8 0.2 2.3 6

ToraL 217 217 20.3 9.0 8.5 37.8 100
s Except for obstetrical examinations the doses are the same b Does not include dental radiography.

as for female.

TABLE XIII. DATA ON THE ANNUAL GENETICALLY SIGNIFICANT
DOSE FROM DIAGNOSTIC X-RAY EXPOSURE

Survey, 1957 Switzerland1s
N*
WJ X 1,000 d’; (mrem) D* (mypem) Dy
Male Female Pereent-
Tyde of examination Male Female adults odults Foetus Male Female Foctus mrem age

Urography (descending

pyelography)............... 3.7 4.0 1,000 1,000 1.93 2.14 4.07 18
Obstetrical abdomen.......... — 1.1 —_ 700 800 — 1.73 1.96 3.69 17
Pelvis..ovvviiiiieiiiininns. 2.8 2.4 1,200 300 2.55 0.55 3.10 14
Lumbarspine................ 74 7.4 150 500 0.48 1.62 2.10 9
Colon (barium enema), lower GI 6.9 6.9 150 200 0.90 1.20 2.10 9
Retrograde (ascending

pyelography) .............. 0.8 1.2 1,000 1,000 0.42 0.62 1.04 5

hest. .. ...eoiiiiiiiiit, 190.0 188.0 2 1 0.69 0.35 1.04 5
Hip, upper femur............. 4.1 3.5 100 300 027  0.70 0.97 4
Stomach (bariummeal),upperGI ~ 31.1 26.5 20 50 0.31 0.65 0.96 4
Pelvimetry....oovvvvvnvnnn.. — 0.24 — 700 800 _— 0.34 0.38 0.72 3

SuB-TOTAL 247 241 7.55 9.90 2,34 19.8 88
Other types of examination.... 290 194 1.78 0.73 2.5 12
Totar 537 435 9.33 10.63 2.34 223 100
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TaABLE XIV. DATA ON THE ANNUAL GENETICALLY SIGNIFICANT
DOSE FROM DIAGNOSTIC X-RAY EXPOSURE

Survey, 1956-1960 United Arab Republic (Alexandrig )17
bf‘
‘Tf-i X 1,000 d: (rarem) D" (mrem) D;
L Male Female Percent-
Type of examirciion Male Female adulls adults Foetusr Mgle Female Foetuss mrem age
Urinary tract.o..voevennnnnnns 3.7 4.6 500 320 — 1.85 147 — 3.32 47
Lumbosacral spine............ 3.2 3.1 235 270 — 0.82 0.84 — 1.66 24
Lower GI tract............... 2.3 2.2 100 600 — 0.2 1.3 — 1.5 21
Upper Gl tract............... 0.7 0.8 70 470 — 0.05 0.36 — 0.41 6
Mass radiography............ 7.2 10.7 5 5 — 0.04 0.05 — 0.09 1
Chest.....oovveviiinnnnnnns 3.6 74 5 5 — 0.02 0.04 — 0.06 1
Cervical spine................ 2.4 24 — 1 — — 0.002 — 0.002 <1
Skull....voeiiii i 1.1 1.2 — 1 — — 0.001 — 0.001 <1
Obstetrical abdomen®......... — —_ — — — —_ — — — —
Pelvimetry*.....ccvvveiinenen — - — — — — — — —_ —_—
SUB-TOTAL 24 32 2.98 4.06 — 7.4 100
Other types of examination.... —* — —_ —s —s —s
TortaL 36 2.98 4.06 7.04 100
* No data.
TARLE XV. DATA ON THE ANNUAL GENETICALLY SIGNIFICANT
DOSE FROM DIAGNOSTIC X-RAY EXPOSURE
Survey, 1955-1961 United Arab Republic (west and south-west of Cairo)18
N*
f’ X 1,000 a* (rerem) DY, (mrem) Dy
AMale Female Percent-
Type of examination Male Female adulls adults Foetuss Male Female Foetuss mrem oge
Urinary tract......ccoeevuees 4.1 5.1 500 320 — 2.08 1.9 — 3.98 57
Lower Gl tract............... 1.5 1.8 100 600 — 0.13 1.10 —_— 1.23 17
Upper Gl tract............... 1.0 1.1 70 470 — 0.05 1.13 — 1.18 17
Lumbosacral spine............ 0.9 0.9 255 270 — 0.23 0.23 — 0.46 7
Mass radiography............ 5.7 84 5 5 — 0.02 0.04 — 0.06 1
Chest.....ocvviiieninienn 5.0 10.0 5 5 — 0.02 0.05 — 0.07 1
Cervical spine................ 0.9 0.9 — 1 — — 0.001 - 0.001 <1
Skull....ooeriiiiis 2.6 2.9 — 1 — — 0.003 — 0.003 <1
Obstetrical abdomen®......... — — - — — — — — — —_
Pelvimetry*........ ..ot — — — — — — — — — —
Sus-ToTAL 22 31 2.53 4.43 6.98 100
Other types of examination.... 22 4 — — —
ToTaL 44 35 2.53 4.45 6.98 100
* No data.
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Tarre XVI. DATA ON THE ANNUAL GENETICALLY SIGNIFICANT
' DOSE FROM DIAGNOSTIC X-RAY EXPOSURE

Survey, 1957-1958 .. . United Kingdom (except Northern Ireland )19
-~ X 1,000 . d ; (mrem) Dl (mrem) D;
L Male Female . Percens-
Type of examination Male ,Fu‘nale adults adulls Foetus Male Femele Foetus mrem age

A. NatioNaL HEaLTH SERVICE. HOSPITALS |

Obstetrical abdomen.......... — 1S — 367 723 =12 2.27 3.39 24
Pelvis.....0...oooeiviinan., 1.8 2.0 ‘ : : -
Lumbosacral region........... T22 "~ 2.3 370 392 536 1.72 1.17 0.22 3.11 22
Lumbar spin€........ccvuuun. L35 3 E ‘
Urography (descending .
‘pyelograph¥y) ....ovvunnn., y 2.3 2.0 765 585 843
Retrogradé (ascending Yo ! - 0.96 0.69 0.09 1.74 12
pyelography).....coovvinen 0.3 0.4 ‘ ‘
Hip, upper femur............. 2.0 29 740 102 154 1.33 0.14 0.01 1.48 11
Pelvimetry,.oeeeuserennennnns = 0.4 - 745 885 — 055 0.60 1.15 8
Abdomen::.t. . iiiiiiinan... 3.0 3.0 105 183 281 0.22 0.32° 0,06 0.60 4
Stomach (bariummeal), upperGI 6.0 4.3 44 333 448 0.11 0.36 0.04 0.51 4
Chest (heart, lung) (excluding ‘ S
, mass miq‘iature radiography). ‘6,‘3 » 61 2.75 54 5.5 0.14 0.29 ‘ 0.05 0.48 3
Sus-ToTAL 84 83 4.48 4.64 3.34 12.46 88
Other types of examination.... 52 40 0.35  0.39 0.04 0.78 6
TotaL 136 123 4.83 5.03 3.38 13.24 94

B. DiagNostic X-Ray Exposure OursipE NaTtioNalL HeALTH SERvICE HoOsPITALS

General diagnostic examinations 22 No data 0.83 6
Mass miniature radiography... 95 0.09 0.09 0.09 No data 0.01
Dental radiography........ .. 40 0.3 0.3 0.3 No data 0.01
TortaL genetically significant dose 141 100
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TaAsLE XVII, DATA FROM VARIOUS COUNTRIES AND AREAS ON GONAD EXPOSURE FROM MASS SURVEY EXAMINATIONS OF THE CHEST

Number of examinations

Number of examinations
per 1,000 of

per 1,000 of population

Population at time of study total population below age 30 Gonad dose adulls (mrem) Genctically significant dose (mrem)
Country or area Total Below age 30 Radiography Fluoroscopy Radiography Fluoroscopy Male Male Female Total Reference
Argentina (Buenos Aires)........... 6,000,000 2,770,000 76 —=a 166 — 10 1.3 0.6 1.9 4
Australia. .. ... 9,500,000 - 190 — No data — No data Nodata  Nodata 0.2 3,33
AUSIEIA . ot vt ieeieninrenrannns 6,984,000 2,990,000 25 25 37 28 R 03 No data No data 0.02v
F 7 0.36 53
Belgium. .. ..ooiiiviiiiiiiiiiin, 8,924,000 3,797,000 128 26 226 48 R 0.2 No data No data 0.09v
F s 0.4 53
Canada.....ccoovviinnivnnnnennenn. 17,048,000 9,300,000 920 —s 86 — 0.7 0.03 0.5 0.53» 107, 115
Denmark...ooiiiiiianrneinneens, 4,466,000 2,080,000 140 — 120 —a 0.25 0.03 0.02 0.05 5
Federal Republic of Germany
(Hamburg) ... .ooviiiiniininnns 1,755,000 — 130 — No data —s 0.16 0.02 0.03 0.05 6
France....oovvuiiieiiinaninennn, 43,600,000 20,000,000 40 7 R 0.25 No data No data 0.02v 3,10
Ttaly (Rome).....vvivieinnnnnnannn 1,875,000 — 77 —s No data — 5.5 0.33 0.60 0.93 11
Japan.. ... 90,000,000 —_ 322 — No data — 0.05 No data No data 0.08> 53
Netherlands (Leiden)............... 110,000 58,400 80 —= 53 — 0.4 0.01 0.01 0.02 13
NOrWAY. oot evierie e ennnnans 3,525,000 — 211 — No data —a 0.13 0.02 0.06 0.08 14
SPaAIM ettt e 29,000,000 16,000,000 2 5 4 6 R 03 No data No data 0.002
F 12 0.13» 53
Sweden......oooviiiiiiiiiiiian, 7,300,000 — 140 — No data —a 0.8 0.1 0.3 0.4 15
Switzerland. . ........ ..ot 5,160,000 2,300,000 130 60 155 70 R 0.2 No data No data 0.05
F 0.6 0-071,} 16, 53
United Arab Republic:
Alexandria....oovviniiiennnan 1,361,700 787,000 4 — 7 —a 5 0.04 0.05 0.09 17
Cair0. .o e it et iieie e 2,640,000 1,527,000 5 — 6 — 5 0.03 0.04 0.07 18
United Kingdom (except Northern
Ireland). .. oovvennniiiniien, 50,000,000 — 95 —a No data — 0.09 No data No data 0.01 19
United States of America........... 162,000,000 82,000,000 135 — 90 — 1 0.05 0.13 0.18 20

R = Radiography.
F = Fluoroscopy.

* Not applicable.

b Genetically significant dose calculated according to formula 11, e.g. assuming the

mean age of child-bearing to be 30.
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TasLe XVIII, GoNAD DOSES AS SUBMITTED BY COUNTRIES AND EXAMINATIONS ( MALES)
(mrem)

Mass Chest, Stomach, Retrograde Colon, Hip,

survey, heart, Cholecys-  barium  Urography  pyelo- barium Lumbar Lumbo- upper

chest lung lography meal descending  graphye  Abdomen enema Pelvis spine sacral Somur Femur
Argentina (Buenos Alres) . ... . cciiivererieenennnennnens 10 5 60 60 700 600 150 300 600 200 230 600
Denmark..coio i iiiiiiiieiinnennns Cveenseas e s 0.3 0.4 2 20 1,019 2,580 610 40 567 104 980
Federal Republic of Germany (Hamburg).....o.vvvevvnven.. 0.2 0.5 4 65 241 311 88 890 275 63 555 1,520
0SS 304 45 90 390 1,900 250 134 1,500 250 1,200
Jtaly . e et i e e (] 0.5 12 123 940 141 239 1,130 234 —586—
T 8 0.1 1 2 13 631 220 1,310 1,490 767 1,700 691
Netherlands (Leiden).......c.vtiiiiiiiiiieeiieneeeenns 0.4 2 3 4 512 423 92 25 157 16 60 3,233
NOrWaY . o ittt i et it teceerenenserecenoncnnnns 0.1 1 3 3 15 217 65 185 376 —130>— 384 407
SWeEden®. L i i e ettt 0.8 2 6 14 1,240 3,700 1,360 310 870 —940b— 1,090 830
Switzerland. . ... e e e 0.4 10 —_ 20 1,000 1,000 —_ 150 1,200 150 100
United Arab Republic, oo vis i tiiiiinionnnerenenensses 5 5 70 500 100 255
United Kingdom. ... ..ottt itiiiinienenens 0.1 3 8 44 —765— 105 146 370 740

* Radiographs, not examinations.

b In these countries the two types of examinations are combined.

¢ Hip only; femur only.

TaBLE XIX. GONAD DOSES AS SUBMITTED BY COUNTRIES AND EXAMINATIONS (FEMALES)

4 Estimate from contribution due to fluoroscopic examinations in private practice.
* Including urcthrocystography.

(mrem)
Mass Chest, Stomach, Retrograde Colon, Hip,
surrey, heart, Cholecys- barium  Urography pyelo- Obstetrical barium Lumbar Lumbo- upper
chest lung tographky meal descendsng  graphys  Abdomen  abdomen Pelvimetry  enema Pelvis spine sacral Jemur Femur

Argentina (Buenos Aires)*................ 15 10 90 90 900 800 200 800 900 450 700 400 600 600
Denmark. ....ooviiiiinieiiiiiennnn.. 0.2 0.1 16 9 565 1,136 85 190 822 20 210 222 58
Federal Republic of Germany (Hamburg) . 0.3 0.7 35 67 439 657 128 680 600 2,530 94 183 402 214
France.......cviieiiiiinennennnonenenes 30¢ 105 300 4,500 1,800 375 1,600 1,200 2064 1,300 700 180
Italy . o i i i i e 11 1.0 156 411 1,060 210 399 1,250 1,050 330 570 —223—
Japan. .. o o i 0.4 13 80 1,108 92 49 162 322 2,200 80 121 116 31
Netherlands (Leiden).................... 0.4 2 4 6 604 1,608 132 100 613 142 47 790 140
Norway. ...oiiiieiier i iiiinnecennans 1 2 8 18 125 403 178 400 800 2,050 135 —592b— 159 10
Sweden, ...t i e 1.6 4 17 29 925 1,940 1,150 265 1,080 1,520 200 —490b— 260 35
Switzerland . . .. oottt i i e e 1.0 5 50 1,000 1,000 1,500 1,500 200 300 500 300
United Arab Republic................... S 5 470 320 600 270
United Kingdom.......oovviiinnnnn.. 0.1 ) 299 333 —585— 183 367 745 464 392 102

* Radiographs, not examinations. .
b In these countries the two types of examinations are combined.
 Hip only; femur only.

d Estimate from contribution due to fluoroscopic examinations in private practice.
¢ Including urethrocystography.



Tasre XX.

TOETAL GONOD DOSES AS SUBMITTED BY COUNTRIES FOR OBSTETRICAL EXAMINATIONS

(mrem)
Obstetrical Obstetrical
abdomen Pelvimetry bd, Peli try
Federal Republic of Germany (Hamburg)........cvovvvun.. 677 2,900 SWeUEN. . eivuinnterseereereneserseeroncsessaneetosnnsonns 910 4,500
Netherlands (Leiden). . ...covueeurerieerenenrroneonasannns 100 — Switzerland......... e e secreetaeacatraaseetetattenneanas 800 —_
NOTWaAY . v certetesnraeenrenenaasssonsesecncssosnenannnns 600 900 United Kingdom. . .ooiviveeiererernneeriosenosneeennnans 723 835
3
= TasLE XXI., TOTAL ANNUAL GENETICALLY SIGNIFICANT DOSE FTROM X-RAY DIACNOSIS SUBMITTED BY COUNTRIES AND EXAMINATIONS
(mrem)
Mass Chest, Stomach, Retrograde Colon, Hip,
survey, heart, Cholecys- barium  Usography  pyelo- Obstetrical barium Lumbar Lumbo- upper
chest lung tography meal descending  graphye  Abdomen  abdomen Pelvimelry  enema Pelvis spine sacral Jemur Femur Others Totyls
Argentinad
(Buenos Aires)....... 2.8 0.3 0.3 1.2 5.7 1.6 1.3 2.6 1.8 2.9 2.6 2,9 2.5 5.1 3.4 37
Denmark............. 6.7 7.0 0.4 0.4 1.8 1.5 1.1 2.3 6.3 27.5
Federal Republic of
Germany (Hamburg) 0.60 1.45 0.50 0.48 0.76 0.40 6.09 1.15 1.28 3.33 1.70 17.7
France............... 38 0.43 2.62 0.47 10.2 0.80 0.02 0.37 1.28 2.84 1.18 58.2
Italy.......oooeiiiis 1.39 8.33 4.96 1.30 0.59 0.23 3.28 4,78 4.22 5.02 6.72 43.4
Japan.......ooaoil 1.48 11.61 1.40 0.42 0.12 8.29 1.66 4.55 4.5 2.39 2.61 39.0
Netherlands (Leiden)... 1.86 0.44 0.35 0.03 0.61 0.55 0.10 0.60 1.52 0.73 6.8
Norway...ooovvenenn.n 0.12 0.91 0.40 0.44 0.69 1.44 1.22 —2.71v— 0.81 0.59 0.64 10.0
Sweden............... 5.41 1.73 2.82 1.26 6.68 2,80 3.13 —7.8 b— 2.45 1.43 2.3 37.8
Switzerland........... 1.04 0.96 4.07 1.04 3.69 0.72 2.1 341 2.1 0.97 2.5 22.3
United Arab Republic:
Alexandria.......... 0.09 0.06 0.41 3.32 1.5 1.66 7.0
Cairoceeeuninnien., 0.06 0.07 1.18 3.98 1.23 0.46 7.0
United Kingdom....... 0.48 0.51 1.53 0.21 0.60 3.39 1.15 —3.11— 1.48 1.63 14.1

* Rounded-off total from national figures.

b In these countries the two types of examinations are combined.

° Includes contribution from fluoroscopic examinations in private practice.
4 These values include the contribution from private clinics and practices.

* Includes urethrocystography.
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TapLe XXI1I. CoOMPARISON OF PERCENTAGE TOTAL GENETIC DOSE FROM DIAGNOSTIC
RADIOLOGY BY COUNTRIES AND EXAMINATIONS
Mass Chest, Stomach, Uro-  Retrograde Colon, Hip,
survey, heart, Cholecys-  barium graphy pyelo- Qbstetrical barium Lumbar  Lumbo- upper Subd-
chest lung tography meal  descending graphy® Abdomen abdomen Pelvimelry enemo Pelvis 3pine sacral Jemur Femur total Others Total

Argentina (Buenos Aires) 8 1 1 3 15 4 4 7 5 8 7 8 7 14 92 8 100
Denmark.............. 24 25 2 2 7 5 4 8 77 23 100
Federal Republic of

Germany (Hamburg) 3 8 3 3 4 2 34 6 7 19 89 11 100
FrancC.......ceveuenunnn 635 1 4 1 8 1 1 2 5 98 2 100
Italy...oovviinennnn... 3 19 11 3 1 1 8 11 10 —12— 79 21 100
Japan........ooo il 30 4 4 1 0.3 21 4 12 12 6 96 4 100
Netherlands (Leiden), ... 27 0 5 1 9 8 2 9 22 89 11 100
NOrwWay..vreecernnans 1 9 4 4 7 15 12 —27— 8 6 93 7 100
Sweden................ 15 5 7 3 18 7 8 21 6 4 94 4] 100
Switzerland............. 5 4 18 5 17 3 9 14 9 4 88 12 100
United Arab Republic:

Alexandria........... 1 1 6 47 21 24 100

Cairo..oevveennnn... 1 1 17 57 17 7 100
United Kingdom........ 3 4 12 1 4 24 8 22 10 87 13 100

» Includes contribution from fluoroscopic examination in private practice.

b Includes urethrocystography.



TasLe XXIII. CoMPARISON OF THE ANNUAL GENETICALLY SIGNIFICANT DOSE ARISING FROM X-RAY
DIAGNOSTIC EXPOSURE IN VARIOUS COUNTRIES AND AREAS

Genetically significant dose (mrem)

Male Female F . Total
Country or orea A B A B octus A B R‘{aelr:f:“
VArgentma (Buenos Aires)......... 142 - - 23+ No data ‘ 37 v
Austria.........., S e No data No data . No data 16-25
Denmark.......ocoivvineinnenn. L 28e ‘

Federal Republic of Germany. - o . . co .
(Hamburg).....oovvivvinnnnn. 8.8 7.7 1.3 18 17 29 VI
France.......ooonvuuenn.. T () 10b . No data . 58 .- VII .
Italy (Rome)............... o2 20 2.6 4335 VIII

Japan:......oorie s, Seee. 21 18 04 390, d Vo IX
Netherlands (Lezden) ............ 3.7 2.7 04" 6.8¢ "5.70 18.7¢ X
Norway...oeeeineeeennanns arae . 39 . 5.0 Sy L1 103 i ‘ . X1
Swedeni.....rrnenininrnns RO A g heogs e 3gliqe ol e o g
Switzerland..................... 104 12¢ No data 224 B 44§
United Arab Republic
Alxandria.................... 3 4 7 X1v
Cairo. e ivveiiiiiniii i 2.5 435 7 XV
United Kingdom (except
Northern Ireland)............. 5.1¢ 5.3¢ 3.6 14 =1 XVI1
o A.is,computed accerding. to thef ula D = N . ¥, d
RYATE T T T 4 18] ng ormula 3 N oy W a4 2
'.’M 19 B O S
R Bis computed accordmg to the formula D = 2 . q
o . C is computed accordmg to the formula D = 2% dl
. N [ER ERONA I
‘Ansmg from radxography only et d Includes’a ontnbutxon from foetal exposure arising from
b Except for.chest examinations in private practice.. whxch . obstetrical- -examinations.. x:
give a contribution of 38 mrem to the genetically significant <0.85 mrem, arising from examinations outsnde the National
dose and which cannot be split into male and female ﬁgures , Health Service hospitals, are distributed among male, female
° Does not mclude mass mmlature radlography . ) and foetus. EERRAT
(133 it 11 Ve G .(:,I‘w":l:irt‘i‘
Ol IR NTY S0 “ah Y o). B ',-,w‘:\,'; 4’ J
LG st b 20 3O ARERY e B RN
[ SAETE GV ! Iy (SRt W g Y
¢ (RTINS 0 e Ly L i
©0 IRTARIED L e ety O R
1IR3 Gt 1 . b RN
LD S E T B OF RS ST B TR TI SRR TT I DY PN R I L PR : ' e »oh
o ' ' TABLE XXIV PROBABLE nosxa-n.mas C , D , L )
EE LA R INY b TYI’ES OFX‘RAYF'XA\,, R IIONS o s EE Br
’ i
Type of Dose rate (mrem/sec)
cxan’:’;?:uion Testes Ovaries
Fluoroscopy
100 1111 I 0.005-0.02 0.01-0.04
Stomach (barium meal)...........covvnnn.. 0.05 0.2 0.1 -0.3
Colon (barxum enema) ..................... 1-100= 3-20
e NN o R T A TUTE I WIS S T P PRI SR I ST
L Radiography T -
“ N '
Chest.. oot iinn ittt iiinainneaens 10-30 . 30~ 50
Stomach.....ooiiiiiiiiii i 4-8 KRR 10- 50
RN @101 1 VO S A g e i 30-2, 000=- o - - 40-200
Lumbar spine ; 40-5008-475. - 20- 80
_Lumbosacral joint}; R o
, Pelvic region .. . 30—100 ) 30-100 .
Sl :Unnary bladder...\.‘. S Bhooooo.. 100-1,500. Pt 100400 . e b e o)
Natural radiation )2 . ... ..., Vol L. RERRK 3.10%6! R BT

Note: Russell's experiments cover the following dose-rate range '0:014-1400 mrem/secb
» The testes in the primary beam

b See: annetng table Xao. oy i G e e o P
¢ With scrotum protection ~ 10 mrem/sec Biecniovn mrobdit o e L ulnnn Lo Lo e
4 With scrotum protection 2-3 mrem/sec. AR R
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TaBLE XXV. DATA ON THE ANNUAL GENETICALLY SIGNIFICANT DOSE FROM EXTERNAL
RADIO-THERAPY FOR NON-MALIGNANT CONDITIONS

Survey, 1957-1958 Federal Republic of Germany (Hamburg)s
Number of patients
trealed per 1,000
of total Gonad dose (mrem) Annual genetically significant dose
population Average figures (mrem)
Location Male Female Male Female and foetus Male Female Foelus Total
Skin (various conditions).... 1.52 1.63 0.1-» 3 0.05 1.40 0.01 1.46
390 6,900
Spine.....iiiiiiiinneannn, 0.46 0.72 800 6,000 0.05 0.25 0.02 0.32
40-= 70—
Other sites.eieieininnnnnnn, 1.48 2.43 3,000 10,000 0.18 0.22 n 0.40
Torar 3.5 4.8 0.28 1.87 0.03 2.2
» The dose ranges are due to various conditions and different n denotes less than 0.005 mrem.
sites treated.

TaBLE XXVI]. DATA ON THE ANNUAL GENETICALLY SIGKIFICANT DOSE FROM EXTERNAL
RADIO-THERAPY FOR NON-MALIGNANT CONDITIONS

Survey, 1957 France??
Number of patienis
trecled per 1,000 Gonad dose (mrem) Annual genetically significant dose
of total population Aserage figures (mrem)s
Location Male Female Male Female Male Female Foetus Total
Skin (various 5 20~
conditions). . cvveeieiennn 0.31 0.38 100 200 n n No Data n
Spine:
Cervical....covvviieinans 0.16 0.22 900 1,500 0.02 0.04 No Data 0.06
Dorsaliiveeriariesnnans . 0.04 0.07 2,800 4,500 0.01 0.04 No Data 0.05
Lumbar.......coovvvunetn 0.25 0.16 14,200 49,600 0.5 1.0 No Data 1.5
2 £ 0.04 0.04 91,500 99,500 0.5 0.5 No Data 1.0
100-t 20->
Othersites. .ovuveuiveiannt,s 0.26 0.29 17,000 8,000 0.2 0.3 No Data 0.5
TorAL 1.1 1.2 1.2 1.9 3.1
* Reboul has calculated that 6.8 per cent of TNjd; originates _ b The dose ranges are due to various conditions and different
from patients below age 30. The subdivision into locations is sites treated.
made under the assumption that this percentage is valid for all n denotes less than 0.01 mrem.
locations,

TaBLe XXVII. DATA ON THE ANNUAL GENETICALLY SIGNIFICANT DOSE FROM EXTERNAL RADIO-THERAPY
FOR NON-MALIGNANT CONDITIONS

Survey, 1942-1951 Netherlands8

Number of patients
treated per 1,000

of total Gonad dose {(mrem) Annual genmetically significart dose
population Average figures (mrem)
Condition
treated Male Female Male Female Male Female Total
High gonad doses............. 0.65 0.33 70 110 1.16-5.03= 1.63 2.79-6.66+
(2.57-8.02)» (3.76)> (6.33-11.78)b
Low gonad doses............. 1.4 (1.4)° 1 (1) 0.17 0.17) 0.34
ToraL 2.1 1.7 3.1-12.1

* Based on actual number of children born to patients. ¢ Female assumed equal to male,

b Based on total expected number of children averaged
throughout population.
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TasrLe XXVIIL. DATA ON THE ANNUAL GENETICALLY SIGNIFICANT DOSE FROM EXTERNAL
RADIO-THERAPY FOR NON-MALIGNANT CONDITIONS

Survey, 1957-1958 United Kingdom (except Northern Ireland )19

Number of patients
treated per 1,000

. ﬁot;f: fz‘?.‘?;f, " G‘ff?f, ;:’goe:% gzxrrgn) Annual gauz:'(cmalrlz’f)igm‘ﬁcant dose
ndiiion
treated Male Female Male Female and foetus Mcele Female Foetus Totcl
Skin conditions......... 0.46 0.57 150-= 300-» 1.55 0.93 0.03 2.52
32,000 6,000
Ankylosing spondylitis. . 0.03 0.01 50,000 20,000 1.07 0.08 n 1.13
Arthritic and rheumatic
r-conditions........... 0.02 0.02 23,000 160,000 0.04 0.18 0.05 0.27
Other non-malignant 40— 20-s
conditions........... 0.02 0.07 6,000 50,000 0.04 0.49 n 0.53
ToraL 0.5 0.7 2.70 1.69 0.08 447
» The dose ranges are due to various conditions and different n denotes less than 0.005 mrem.

sites treated. .

TaBLE XXIX. COMPARISON OF THE ANNUAL GENETICALLY SIGNIFICANT DOSE ARISING FROM EXTERNAL
RADIO-THERAPY IN VARIOUS COUNTRIES AND AREAS

Annual genelically significant dose (mrem)

Non-malignant conditions Malignant conditions
Couniry or area Male Female Foetus Sub-total Male Female Foetus = Sub-total Total Reference

Federal Republic of

Germany (Hamburg)., 0.28 1.87 0.03 2.2 0» 0= 0 0 2.2 6
Franceb.......oooavntn 1.2 1.9 No data 3.1 —2.5— No data 2.5 5.6 27
Netherlands........... 1.33-8.19 1.8-3.93 Nodata 3.1-12.1 0.5 (0.5)¢  No data 1.0 4.1-13.1 28
United Kingdom except

Northern Ireland.... 2.70 1.69 0.08 447 0.41 0.11 0 0.52 5.0 19

s Fertility factors regarded as zero. ¢ Not subdivided into sexes.

b Genetically significant dose calculated according to formula 4 Female assumed equal to male.
11,

Tasie XXX. COMPARISON OF GENETICALLY SIGNIFICANT DOSE AND PER CAPITA DOSE CAUSED BY
EXTERNAL RADIO-THERAPY FOR NON-MALIGNANT CONDITIONS

Mode of calculation
(doses in mrem)

s N w, 3 = sz M
Country or ares *re Y “ d A
Federal Republic of Germany (Hamburg)...... 2.0 2.0 6.5
France...ovoviiniiiiiiniiiiiiiiii i —_ 3.1 21
United Kingdom (except Northern Ireland).... 4.5 — 9

TasLE XXXI.* ESTIMATED DOSE-RATES TO THE GONADS FROM EXTERNAL RADIO-THERAPY
FOR NON-MALIGNANT AND MALIGNANT CONDITIONS®

Dose rate (mrem/sec)

Location Testes Ovsaries
Head....oonvivvveininaiinennan, et 0.01-0.05 0.01-0.05
0 Te3 = S S 0.5-3 2-5
Abdomen and pelvicregion...........ooievivnnnn, 5-15 20-50
Skin (various $ites). . cvvve et inererrnneeeianans 0.002-0.5 0.008-1
Natural radiation. .. .oovvriiiie ittt ieieennns 3.10-¢

= Russell’s experiments cover the following dose-rate range—0.014-1400 mrem/sec.
b Estimated on the assumption of 50 rad/min at the treatment site.
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TasLe XXXII.. COMPARISON OF THE ANNUAL GENETICALLY SIGNIFICANT DOSE FROM THE
ADMINISTRATION OF RADIO-ACTIVE ISOTOPES IN VARIOUS COUNTRIES AND AREAS

Genetically significant
se (mrem) R
- Couniry or area Year of study Disgnosis Therapy : Sauv;qc " Reference

Canada.........c.cuns. ceeene. 1956 .. 0.02 - 0.40» D LU 37
Federal Republxc

:of Germany. ,; e SRR et Ry B

(Hamburg) e veevenesonnn. 1957-.. 001 .. 0.18 e 6

: 1958 .. Sl . L :
United Kingdom
.1 (except Northern o PR fe S o

Ireland). .o ovvvieenennnnns. 1957 .. 0.03. .. 0.15 [, pr 1977
Umted States ' i AR S Aty K et B

of America...covviinnnnns. e - 0.01> 0.24b e 38

'Computed aocordmg to formula 11, No allowance made for the mﬁuenoe on fertxhty
from the severity of the‘dlsease . )
b Computed according to formula 11,

T IS SN T VIO IRy SUUP S PN
° Other radio-isotopes considered to be of no significance.

TasLe XXXIII: ANNUAL GENETICALLY SIGNIFICANT DOSE FROM THE.ADMINISTRATION
- OF RADIO-ISOTOPES

. Survey, 1957 . . United Kingdom (except Northern Ireland)19 P
L o ol C - Pl T Gemeticolly significant dose )
o P et " "' Radioisolopé - mrem- - Percenlage
. Diagnosié : L . Lo n iy f
Test doses........... S ievareeensesinesaenes I 0.016 9
. ‘ vv'i.'l‘x“.:" ' 7—-Jn I ' “Pu ) 0.012 ,.{( 6‘
Therapy (X 0% DR IR LS NN [AXNs N « ¥ FEFEARY BRI PRSP I C- R TU TR SR Y o
11
Non-malignant conditions.......covccviaene. {i’” gggg §;
Malignant diseases.....covveeneen Crecrieenes [ 0.045 25
Co JTomst | 0483048,

Note. The contribution from dthér radio‘-ivslotopes is negliéfble.' ‘

-

i
.

TaBLE XXXIV. GONAD DOSES IN MREM PER ADMINISTERED MILLICURIE OF

J351 g P32
qun‘o-‘i:oloprc Gonad dose gmrcm) Rgmcrk: Reference
450 * Normal physiological 37
conditions
450 (130-1,170) 20 patients: 39
I 10 thyroid cancer
........................... 7 hymrthyroidism
‘ : ! 3 others
600300 Normal physiological 40
conditions . - e
2,600 Normal physiological B ¥
conditions
o
7,000 Normal physiological ) 41
. -~ ~: - - conditions’ L
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TasLe XXXV. MARROW DISTRIBUTION IN THE ADULT

Total Aciize marrow per cent
Total Fraction Gelive
it Bores TR memew TEEY e comamined
Head.iisiveimcansans. Cranium, mandible 182 0.75 140 10
Upper limb girdle......Scapulae, clavicles, head and neck of humeri 116 0.73 85 5d
Thorax...veeiivnennn. Sternum 39 0.6 25 .
Ribs 1 to 12 207 0.4 85 %
Spine. .veieenrionaans Cervical vertebrae 47 0.75 35
Dorsal vertebrae 197 0.75 150
Lumbar vertebrae 152 0.75 115 40
Sacrum 194 0.75 150
Lower limb girdle...... Pelvic bones, coccyx, head and neck of femora 364 0.75 270 20+
~Mechanik®, and Woodard and Holodny.# extremities, etc.) in the 1958 report of the Committee (annex C,
b Custer'® for _tibs, sternum and vertebra at age 40, Other para, 44).
values assumed in study. ¢ The contrlbutxon from pelvis and half the contribution of 10
s Ellis 4 per cent from ‘other” (e.g. in extremities, etc.) in the 1958

d Half the contribution of 10 per cent from “other” (e.g. in report of the Committee (annex C, para. 44).

TasLe XXXVI. MEAN MARROW DOSES FROM DIAGNOSTIC X-RAY EXPOSURE
(EXCLUDING MASS SURVEYS OF THE CHEST)

Mean marrow dose (mrem) Eppetal. US.A.e 88
1958 Report of Buhlt

Ezomination the Commilteesd Denmarkd AP Las.
Head.ooviiiiiienneninioneiiinnnannnn 50 — — —

OpINe. .ttt it e iaaas
Cervical. oo iveiiiiiiiiineieiennnns 50 —_ 10 3
Dorsal...oiiiieenniiieennnsenannnas 400 200 30 90
Lumbar.,..ooviviiiiiiiininnniinnn. 400 100 50 180
Lumbosacral region..iv..vvvevennen... 300 — — —
Pelvis i iviiiiiinniriiiiiiiiaiieaes 20 30 70 180
Hip, incl. upper femur................. 30 20 35 —
Armandhand.......coiiiiiiiiiienens 2 0.2 — —
Thorax (ribs and sternum)............. 200 150 — —
Chest (regular).ieeeveeneeenrennrnnnns 40 20 PA 13 4.5
Gallbladder........coviiiiiiinnnn,.. 400 150 — —
Stomach (barium meal), upper GI....... 500 200 —_ —
Colon (barium enema), lower GI........ 700 200 —_ —
Abdomen..eeeeviierenceneansorenaaaas 50 30 — —
Urography .. cvvevivrrneeirnenianaaans 200 80 — —
Retrograde pyelography................ 100 30 — —
Urethrocystography. ......coveeiinann 300 — — —
Pelvimetry...ovvinennriaeieennianans 800 — — —
Obstetrical abdomen....c.ovevvvervnnnn 100 — — —
Hysterosalpingography................. 100 25 — —
Dental...viviieieeerircieernencrnanes 20 — — —

s Radlography only.

L R A TEINTES S i
b In Buhl’s investigation the dose calculations are ba=ed‘.upo'n the figures for the distribution

of active marrow presented by the Committee?.

¢ The technical factors used are those of the Memorial Hospital, New York. The doses are
those that arize from well collimated and aligned fields. The dose due to the scatter outside the
direct beam has been included but not the effect due to the photo-electrons from the bone.

PAT RSN WY B ey ,] eyl B i Fongaee s
TasLe XXXVII. INDIVIDUAL AND PER.CARITA MEAN MARROW DOSES ™ smm cotm'mms ARISING
FROM , MASS, SURVEY, FLUOROSCOPY OF TH\E CI\SIEST AND COM Amso‘x WI’I‘H CALCUI,AT}:D PER

CAPITA DOSES 'FROM RADIOGRABHY + /! #/7yrt Vitald 1 R

Mean marrow dose (mrem)

Y : Lot Per capiia
Number of . dose if
. o examingiions radwgraphy
il (SR [EORIE 1. peri1,000 R Per copita (5. used !
.- PR e ;of toial, o intoldd ' ‘instead of
v Country Ve papulahor! Individual - - . .populsiion. . ﬂu:afoswp)"b
Austria Sl 2,000 50 25
Belgium . o 267 ... 380 ... .. 10.... .26 ¢
France.... . ceans B "’-":‘5,70‘ 1,200 680 57
Spain...... : bl g 1,300 ......8 . ... .05 !
Switzerland i 60 - 230 ... .. 14 ... 6 -

.18 Figures:taken from table XVII.: -t E ' ;
b Mean marrow dose per exammatlon assumed to be 100 mrem.‘» :
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TaBLE XX XVIII,

EXAMPLES OF MEAN MARROW DOSES IN EXTERNAL

RADIO-THERAPY*

Mecr marrow dose (rem)

Site or condition Type of radiation Per 100 r skin dose Tolal treatment Reference

Cervical spine, 10 X 15 CIm. e vveervernennerane X-rays (170 keV, 2.6 —b
filter 0.5 mm Cu)

Lumbar spine, 10 X 15 cm....ovvnenveininns X-rays (170 keV, 5.5 —b 54, 55
filter 0.5 mm Cu)

Hip, one side, 10 X 15cm..vevvennnnnn... voor Xerays (170 keV, 2.5 —b
filter 0.5 mm Cu)

Carcinoma of CerviX....cveveeverecnoonaeannns Radium (applicators —_ 60-100 36
containing 50, 75 or
87.5 mg Ra)

Haemangioma®, .. .vvveiernnnoereencenceeans . Radium (applicators — 0.5-25¢ 57

containing Ra ranging
between 80-130 mg)

» With the exception of those for haemangioma Ellis's figures
for the distribution of active bone-marrow have been used (table

).

b The values of total skin doses used in references 54 and 55
range from 300 rem to several thousand rem delivered over
more than one course of treatment.

¢ Children below two years age. According to paragraph 78,
it is assumed that only red bone-marrow exists. The distribution
of the active marrow is taken from Woodard and Holodny®

under the assumption that the distribution of marrow space in
children and aduits is the same. The following distribution figures
were used: upper limbs 12%, lower limbs 39%, ribs 7%, head 7%,
spine 139, scapulae 2%, clavicles 1%, sternum 1%, pelvis 16%,
of total marrow space.

.4 The range covers various sites of the haemangioma. The
highest figures are received when the haemangioma are situated
on the skin of the abodomen and the thigh.

TasLe XXXIX. EXAMPLES OF RADIATION DOSES IN VARIOUS KINDS OF RADIOLOGICAL PROCEDURE TO
ORGANS AND TISSUES OF SPECIAL INTEREST

Diagnosis Radio-therapy
Tissue Examination Dose rem Non-malignant condition Dose rem Malignant condition Doselrem
Foetal tissue
(a) age < 2 months.... See tables in this annex—assume foetal dose is same as maternal gonad dose
(0) age > 7 months.... Pelvimetry 1-3
Obstetric Abdomen ~A0.5
Lens of the eye...... .. Dental (full mouth) 5-25 Retinoblastoma ~200
(dose to un-
affected eye)
Encephalography 5-20 Head lesions 100-1,500
Thyroid...ccvvennnnn. Uptake from 40 Cervical spine 400-1,200
25 puc I
Ba Swallow 2-10 Tonsillitis 150
Thyrotoxicosis 113 10,000
Thymus....... Enlarged gland ~200
Livericeiveaceeceneans 20 cc Thorotrast 2,100-5,400
(over 20
years)
TaBLe XL.. ESTIMATES OF RADIATION DOSES IN THOROTRAST PATIENTS
(20 ml injection)
Estimates of Th232 activity?17; 0.02L7 uc/ml (German), 0,0244 uc/ml (U.S.A.)
Redio- Arerage Accumulated
active dose-rate rems
Tissue source rad/y (20 years) Reference
Skeleton....oovveriinnerenaanns Th#2 4 d 1.4-3.0 600 116
Martow. .o viiiiiii i Th* 4+ d 1.2-2.9 580 59
Bronchi.:..ooovviiieniinaanaas Thoron
+ daughter 12-19 3,800 117
Lungs...o.cviiiiiiiinininnnnn. Thoron
-+ daughter 0.8-1.9 380 117
Liver. .o iiieiniieeeennn. Th» 4+ d 27 5,400 118
Spleeniee.eeiiiieeniiinnennnns 71 14,000 118

* The RBE value used in this report for « particles is 10, but Marinelli* suggested that the
range of RBE values in this case may be between 4-10.
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Tasre XLI.

RANGE OF NUMBERS OF INSTALLATIONS AND OCCUPATIONALLY EXPOSED

PERSONS PER 1,000 OF THE POPULATION

Number of

N

umber of workers Contribution

installations directly engaged in Lo the annual
fz; :oggo (;:rd;agoog 50‘;1;31 :enelwc‘lly
population foﬁulau'on) :mm?rc'a‘r’z")dou
Medical:
Diagnosis....cuveivireieniinnann 0.1-0.7
Therapy .. vuervnsnsinssnnnns 0.02—0.1} 0.3-0.5
Dental.ivesieiiinennneinniniannnnn,s 0.1-0.8 =~ 0.9 0.1-0.3
Veterinary .o oeeeee e enreneennnnnns 0.004-0.03
Industrial...........cooiiiiiinant, 0.603-0.02 0.05-0.06
Research and educational...... reeeees 0.01-0,03 = 0.02
Atomicenergy....covueiiiiniiieenannn — 0.1-0.3 0.1-0.2
Tasie XLII, MEAN ANNUAL DOSES (IN MREM) OF EXTERNAL X~ AND Y-RADIATION TO VARIOUS
GROUPS OF OCCUPATIONALLY EXPOSED PERSONS
United Kingdom™
(1959)
Argenting® Canads™ Netherlands® Norway™
Type of work (1959—1960) (1959) (1960) (1960) Male Female
Medical:
Diagnosis....... . 50-380 440 500
Therapy....... } 150-225 300-1,400° {2,000 1,90 1,600
Dental........... 70 170
Veterinary........ 400
Industrial......... 640 400-1,000® 110 1,100° 380
(1,900)¢
Research and
educational..... 180 00800 40 27
Atomic energy..... 430 } 1 00 { 420

* The lower figure concerns private practitioners; the higher, hospitals.

® The range of observed values is given.
¢ Both X-ray and gamma-rachography
4 The dose within

ckets concerns gamma-radiography only.

TapLe XLIII. RESULTS FROM MONITORING RADIATION WORKRERS AT THE Qsx RInGE NatioxarL Lasoratory, USA, THE
ESTABLISHMENTS OF THE UNITED K1NGDOM AT0MIC ENERGY AUTHORITY, ARGENTINA, CANADA AND THE UAR
(Penetrating radiation)

ook N Uried gl e gt ot AR
(1959) (1959)
;)v\::.\:a‘:{\' Per cent ;;’os.o% Per cent }zr:\-o% Per cent 913&7% Per cent pI:;mn{ Per cent
Total wearing dose meters or films. ..oovv..... 4,695 100 16,374 100 579 100 423 100 600 100
Annual dose (rem)
> 441 9.4 1,492~ 9.1 124 9 2 4 1
>2....... Ceetresiesereneaane cerenens 179 3.8 4.5 6° 1
D 2 Cerenes 74 1.6 417 2.6 2,0
> S RPN 35 0.75 133 0.81 0.6
D 2 10 0.21 43 0.26
D+ TS 8 0.15 22 0.13
b SR Cieeereasans TSN 2 0.04 6 0.04
>8...... et e retiantetasiccoaae s 1 0.02 3 0.02
B N 0 0 kid 0.02

» Annual dose > 1.5 rem.

7%t Three individuals received annual doses of 17.2, 10.3 and

10.7 rem.
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