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INTRODUCTION

1. lonizing radiation is widely used for both the
diagnosis and treatment of injuries and discasc. As a
result of this practice, individuals and populations
receive significant exposure to radiation, although they
normally reccive in return the direct bencefits in health
care. Ncvertheless, there is a continuing neced to
analysc the frequencies, doses and trends of diagnostic
and therapeutic medical radiation procedurcs world-
wide. Such information permits the cvaluation of
regional diffcerences in medical radiation usage, com-
parisons with other sources of radiation, the identifi-
cation of arcas of concern, and the estimation of
presumed detriment. It can also be used by ministries
of hecalth and other bodies involved in optimization
and other aspects of radiation protection.

2.  The Committee has repcatedly assessed cx-
posures from the medical uses of radiation. The
available data have been evaluated and extrapolated to
worldwide usage. In the UNSCEAR 1988 Report
[U1], the Commitice estimated that medical radiation
cxposures ranged from 0.4 to 1 mSv annually per
caput, Exposures from medical radiation, which
amount to less than half the exposurc to natural back-
ground radiation, excced those from all other man-
madc sources.

3. The purpose of this Annex is to provide an
updated review and assessment of medical radiation
exposures worldwide. Within this framework, there are
specific objectives, such as to dctermine temporal and
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regional trends in doscs and praclices; 1o assess how
the introduction of new techniques, radiation protee-
tion measurcs or quality assurance programmes affect
these trends; to cvaluate the variations in dose for
given procedures and for total practices as well as the
rcasons for such variations; and to examine the age
distributions of paticats subjccted to various proce-
dures. While some of these objectives are descriptive,
they could also scrve as quantitative inputs for
analysis. c.g. risk-benefit analyses.

4. Mcdical radiation cxposures arise from the dia-
gnostic usc of x rays and other extcrnal radiation
sources and internally administerced radioisotopes as
well as from the therapeutic use of external and scaled
internal sources of radiation and radiopharmaceuticals.
The basic information needed for assessing medical
radiation cxposures is the frequency of cach type of
diagnostic or therapcutic procedurc and the doses to
all parts of the body. Since there are considerable
variations in valucs from country to country, compre-
hensive data are required to make the assessment

complete and accurate. From data assembled in a con-
sistent manner over time, important trends should be
apparent in exposures from medical radiation usage.

5. Onec impediment to the accurate assessment of
mcdical radiation cxposurcs has been the incom-
pleteness or unavailability of data for many regions of
the world. To improve this situation, the Committee
sent a questionnaire on medical radiation usage to all
States Mcmbers of the United Nations. Information
was requested on cxamination and trecatment facilitics;
the number, age- and scx-distribution of patients; and
doses from procedures. Not all countrics were able to
provide the information requested, but the responscs
received constitule a valuable databasc for the
Commitice’s evaluation, supplementing published
scientific papers and reports and permitting a more
complete and accurate analysis of medical radiation
exposures. The Commitice graicfully acknowledges the
response of so many countrics to the UNSCEAR
Survey of Medical Radiation Usage and Exposures.
The countries are listed in Part A of the References.

I. ANALYSIS OF MEDICAL EXPOSURES

6. lonizing radiation is used for two main purposes
in medicine: diagnosis and therapy. Of these, diagnosis
is much more common and is experienced by many
morc people. The doses to persons being examined are
usually quitc low. Radiation therapy, by contrast, is
uscd mainly to treat cancer patients. While a high dose
delivered to a limited, predetermined location is
required to kill malignant tissue, it is neccssary (o
resirict the irradiation of surrounding normal tissues.

7.  Radiation exposures from medical examinations
and trcatments are determined by the type and
frequency of the procedure and by the doses to tissues
in the radiation ficlds. Because of the great regional
diffcrences in the availability of medical radiation
services, it is necessary to have an extensive database
10 evaluate the radiation cxposures worldwide. Al-
though more countrics arec now collecting statistics on
medical radiation usage, the Committee is still forced
to make rather large extrapolations 1o determine the
total dosc to all pcople. The availability of medical
radiation data and the procedures for cxtrapolation and
dosc cvaluations are discussed in this Chapter.

A. MEDICAL RADIATION USAGE

8.  Not all countries are able to provide statistics on
medical radiation exposures. To supplement the data

that were available, the Committec undertook a survey
in 1990-1991 of medical radiation usage and expo-
sures worldwide. Questionnaires werc sent to 140
countries, and over 50 responded. The data contained
in these responses, combined with data in published
papers, cover more medical radiation services and
cxposures than the data available for previous Reports
of the Committee and thus permit improved worldwide
dosc estimates.

9.  An analogous survey. but limited to six common
types of x-ray examination in 24 x-ray departments in
10 European countries, was carried out by the Com-
mission of the European Communitics [M23). Hither-
to, that survey has served mainly for optimizing x-ray
examination procedures rather than for describing the
impact on the population of the doscs from the exam-
inations [M23, M26]. A survey of x-ray examinations
in the USSR is described in a preliminary report [N4).
Two related surveys, one in China [Z26] and one in
India {S40], based on sound statistical sampling have
been made available 1o the Committee.

10. The improved databasc does not obviate the necd
for extrapolation of the availabie data, especially for
the least devcloped regions of the world. In the
UNSCEAR 1988 Report [U1], a good corrclation was
shown to exist between the number of x-ray exam-
inations per unit of population and the number of
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physicians per unit of population. Accordingly, data on
diagnostic x-ray frequencies in a small number of
countrics could be extrapolated to estimate diagnostic
x-ray frequencics in all regions of the world, based on
a morc widely available statistic, the number of
physicians per unit paopulation. Countrics were
categorized as to level of health care, bascd on the
population per physician {U1]. In countries of health-
carc Ievel I, there is at least onc physician for every
1,000 population; health-care level 11, one physician
for 1,000-3,000 population; health-care level 111, one
for 3,000-10,000 population and hcalth-carc level 1V,
onc for more than 10,000 population.

11.  Although there will in future be greater reliance
on the direct reporting of examination or treatment
frequencies, the grouping of countries according to
level of health care is retained here for the analysis of
medical radiation exposures. The use of health-care
levels has scveral advantages: it gives a basis for
cxtrapolating data on medical radiation usage to the
entire world; it allows comparing trends for different
levels of hcealth care; and it is consistent with the
analysis in the UNSCEAR 1988 Report [U1].

12. The World Hecalth Organization (WHO) has
carricd out two major surveys of physician densitics
(number of physicians per 1,000 population) [U18,
W1]. The first set of data centred on the year 1977
and the second on 1984. The 1977 data were used by
the Committee to evaluate medical radiation exposures
for the UNSCEAR 1988 Report [U1]. It shouid be
nolcd that there are uncertainties in the WHO data
because physicians are defined differently in different
countries.

13. There may well also be questions of the validity
of assigning an average health-care level to an entire
country, for such a value may obscure wide variations.
As an cxample, Brazil, at level II (it has one physician
per 1,035 population), is geographically and demo-
graphically heterogencous, and its level of develop-
ment varics grealy [C14, D4]. Urban arcas such as
Brasilia (one pbysician per 500 population) are typical
of level 1, while the states of Acre and Maranhao (one
physician per 3,000 population) approach level 1II.
Large countrics at level 1 may also contain less-deve-
loped arcas, and in most countries, there are differ-
ences in the availability of medical radiation in urban
and rural arcas. Since the correlation between medical
radiation facilities and number of physicians is not
absolute, the availability of medical radiology in a
particular country may be better or worse than
indicated by its health-care level, particularly during
periods of rapid development. Ecuador moved from
level 11 1o level I between the two WHO surveys, but
the density of equipment and frequencies of examina-
lion and treatment are still typical of level 11 countries.

14.  As hcalth care improves, it can be cxpected that
the distribution of the world population in the four
health-care categorics will shilt. In the 1977 survey,
the distribution was as follows: 29%, 35%, 23% and
13% in levels 1-1V, respectively. In the 1984 survey,
it was 27%, 50%, 15% and 8%. The most significant
change was the increase in the proportion of people
living in countries at level II, as improvements in
hcalth care caused countries formerly at levels 1II and
IV to move up. Using the 1984 WHO survey to
determine a country’s health-care level and taking into
account population growth, the number of people in
cach hcalth-care level in 1990 was as follows: level I,
1,350 million; level 1I, 2,630 million; level 111, 850
million; and lcvel 1V, 460 million.

15. Table 1 indicates the lcvel of health care and the
population of the 93 countries appearing in subsequent
tables or otherwise discussed in this Annex. The table
also lists the information obtained by the UNSCEAR
Survey of Medical Radiation Usage and Exposures on
the number of radiologists and the number of x-ray
units, therapy units and nuclear medicine clinics. The
availability of medical radiation services in the four
health-care levels of the world is summarized in
Table 2, which gives the number of radiologists and
the number of facilitics per 1,000 population. Table 3
lists the numbers of diagnostic examinations and
therapeutic reatments. While some of the respondents
gave the number of patients, others may have given
the numbecr of examinations and procedures. Although
the one may be a first approximation of the other, the
two quantitics can differ by a factor of 3 or more,
depending on the procedure,

16. There are some general limitations in data
obtained in surveys of medical radiation uses and
exposures. Thus, estimates of countrywide values are
oftcn based on cxtensive extrapolations from small
samples. Some data arc very coarsely rounded, while
others may be spuriously precisc. Varying definitions
(of, for example, "radiologist", "examination" or "x-ray
unit") and dilferent ways of categorizing individual
procedures contribule to the variations and inexact-
ness of all data. In some cases, national x-ray statistics
may be confounded by statistics on ultrasound exam-
inations, entered as "radiological” procedures. These
unceriainties underlic the data -obtained in the
UNSCEAR Survey of Medical Radiation Usage and
Exposures. Although the data in the Tables are given
1o two or somctimes even three significant figurcs,
the statistical precision is obviously almost always
less.

17.  Thesc uncertaintics notwithstanding, a reasonable
degree of compilation and analysis scemed feasible.
The number of responses from level | countries and
the completcness of these responses, should give
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adcquate statistical reliability, With data available for
China and India, the representativeness of data on
level 11 countries is also quite high. For countries with
less-developed medical services the precision is lower,
but on a worldwidc basis, this has little impact on the
estimation of the per caput effective dose or the
collective dose from medical radiation usagc.

18. Maedical radiation [acilities arc very uncvenly
distributed throughout the world. Table 2 shows that
the numbers of facilitics per 1,000 population are from
20 to 1,000 times smaller in countrics of health-care
level 1V than of level I, the numbers differing by a
factor of up to 50 between different health-care levels.
Within health-care levels there is gencrally a closer
rclationship between the number of facilitics and the
size of the population, but even here the variations are
notable.

19. The trends observed in medical radiation
facilities are uncven. At levels II-1V the availability of
facilities has generally been increasing with time. At
level T the number of medical and dental x-ray units
and therapeutic x-ray units per unit population have
decreased somewhat. Since the countries constituting
the health-care level may be different for the different
periods, some caution must be cxercised in attributing
rcal differences.

20. The data in Tables 2 and 3 can be used to
estimate the total numbers of medical radiation
facilities and usage in the world. These results are
given in Table 4. The average normalized quantitics
bave been applied to the total population of each
region. The main point to note is that level I, with
25% of the world population, accounts for some 70%
of the diagnostic x-ray examinations and for 90% of
the patients for therapy and nuclear medicine treat-
ments. There is still a far from cquitable distribution
of medical radiation scrvices in the world.

B. DOSE EVALUATION

21. Doses to tissues and organs from medical radia-
tion exposures are evaluated in terms of absorbed
dose. For x-ray examinations, the dose without back-
scatter at the entrance side of the patient is specified
by the air kerma. The effect of backscatter is inciuded
in the specification of the entrance surface dose. To
facilitate the summary of results and the comparison
with exposurcs from other sources of radiation, it has
beecn the practice of the Commitliee to cvaluate
effective doscs from the proccdures. Along with its
simplifying advantages, this quantity has limitations
when applied to medical radiation exposures.

22. Earlicr assessments by the Commitiee of medical
radiation exposures in the UNSCEAR 1958, 1962 and

1972 Reponts [US, U9, U10] stressed the genctically
significant dose. This gave some common measure for
the uncven dose distributions from various procedures
and also rccognized that the age distribution of
patients or individuals examined differed from that of
the gencral population. The doses to bone marrow
were also cvaluated. Doses to additional organs were
estimated in the UNSCEAR 1977 Report [U4]. Begin-
ning with the UNSCEAR 1982 Report {U3] and con-
linuing in the UNSCEAR 1988 Report [U1], the effec-
tive dose cquivalent was evaluated. The Committee’s
decision to express patient doses in terms of cffective
dose is bascd mainly on the potential for comparisons
this provides. Effcctive doses permit, in principle at
least, comparisons betwecen time periods, countries,
health-care levels, medical methods and sources of
radiation.

23. It is not possible 1o obtain a correct estimate of
detriment from multiplication of effective doses to
patients by the nominal fatality probability coefficients
given by ICRP [I8]. This has several reasons [D13]. In
the first place, patients are by their very nature a
group which can expect to benefit from medical
radiation exposure, Thus, for paticnts, radiation-
induced detriment cannot be computed or regarded as,
for example, an occupational hazard. Any analysis
would not be fair without consideration of the increasc
in health obtained from the medical radiation usage.
This is usually easily done in individual cases, but
there are no gencral methods to compare overall
hazards and benefits.

24, Another difficulty is that paticnts, because of
their health status, may respond diffcrently to the
radiation exposures than the base population. Mcthods
of deriving scparatc risk estimates for patients, which
would take account of their health status, have not yet
been fully developed [H17, H34]. Furthermore, the
age and sex distribution of patients will rarely match
that of the population for whom the nominal fatality
probability coefficients of ICRP [I8] were derived.
Several ways to adjust for diffcrent age and sex
distributions bave been suggested [S47, V9], but these
have not been applicd to the data in this Annex, since
the purpose of using effcclive dose here is not to
provide input for calculations of estimated detriment,
but to facilitate comparisons between exposed groups.

25. Most, but not all, of the values given in this
Annex were calculated as cffective dose equivalents.
Thercfore, throughout this Annex, a distinction is
made between effective dose equivalents, Hg [I1] and
effective doscs, E [18]. Typical values are indicated for
specific examinations. Average cffective doses or
effective dose equivalents refer to the arithmetical
average among examined patients. Per caput doses
refer to the arithmetical average in the cntire popula-
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tion (including non-examined individuals). Both of
these may refer to specific examinations or to total
doscs for an cntire medical radiation practice. When
average or per caput doses from different countrics are
combincd, this is normally done on a population-
weighted basis.

26. The rclationship between E and H is discussed
in a number of publications [H36, L22, R27, S44,
W28, Z7). The results of dose calculations are
included in Table 5. Gencerally lower values of
cffcctive dose compared to cffective dose equivalent
are oblained for examinations of the chest and skull,
for mammography and for computed tomography.
Higher values are obtained for examinations of the
abdomen and gastro-intestinal tract. The specific
valucs are not always consistent in the various
calculations. In particular, Huda et al. [H36] obtained
lower E/Hg estimates for the chest and skull and
higher estimates for the abdomen than other authors.
This difference is mainly attributable to the way the
"remainder” dose was computed for Hg [L22, H29].
Howecver, while the range of E/Hg values of Huda et
al. [H36] is widest, with individual valucs ranging
from 024 to 2.1, their average value for all
examinations of 0.9 scems similar to average E/Hg
valucs from other sources. Thus, although E/Hg values
for specific types of examination may deviate from
unity, the total effective doses for diagnostic x-ray
examinations should be fairly similar whether
computed with the 1977 or the 1990 weighting factors.
This has been vcrified for a range of typical
cxaminations in scveral countries. The E/Hg values
ranged from 0.93 10 1.13, a variation that is certainly
no greater than the variation in effective dose resuiting
from diffcrences between countries in average patient
size [G21, M43]. The average of all E/Hg values is
1.01, supporting the notion that effective doses for
entire practices, such as diagnostic x-ray examinations,
should be insensitive to the choice of weighting
factors, even if individual examinations deviate
somewhat more. It should be noted, however, that the
corrclation between energy imparted and effeclive
dosc becomes weaker with the ICRP 1990 [I8]
weighting factors [H36).

27. The situation is similar for nuclcar medicine
examinations [H36, G21, G22, J8]. The average of all
E/Hg values is, as for x-ray examinations, around 0.9
(Table 5). E/Hg values excceding 1 occur mainly
when the thyroid is exposed. Values of the effective
dose cquivalent (Hg) for most radiopharmaceuticals
are listed in ICRP Publication 53 [IS]; values of the
effective dose (E) for these substances are also
available [114, J9].

28. Since organ doses arc in most cases nol
measured but calculated, the underlying assumptions

and models used affect the numerical results for both
organ doscs and cffective doses, The influence of the
modecls for the radiation source, the human body, the
1adiation transport calculation and the definition of
dose cquivalent have been investigated in scveral
papers |B2, D2, V7, Z15].

29. When cited papers  stale  cxposure  only
{expressed in C kg™! or in non-SI units), this has been
converted to surface air kerma using the relationship
that 2.58 10 C kg™ is equivalent to 8.7 10 Gy. For
therapy, cffective doses are not easily used for
purposes of comparison. Although effective doses to
radiotherapy patients are bricfly discussed in this
Annex, the impact of therapy is primarily described by
the number of patients trcated and the age- and
sex-distribution of these patients.

C. BENEFITS AND RISKS

30. Exposures to patients in medical diagnostic
examinations and treatments are made in anticipation
of the direct benefits to be received by the patient.
Usually the risk to the individual is small in
comparison with the benefit, and it is casy to justify
the exposure. Risk can be assessed for the exposed
populations, although the procedures are not so
straightforward, The dosc quantitics to be used in
detriment evaluations were considered in the previous
Section. Some gencral considerations on benefits and
risks in medical uses of radiation are presented below.

31. In diagnostic radiography, the dose must be
sufficient to obtain the desired information. If 100 low
a dose is chosen, the image may be of unacceptably
low quality [G19]. Within a relatively nammow dose
band, the amount of information is gencrally correlated
with the dose used. This is, of course, not the case
when high doscs are simply the result of unsatisfactory
technique, for example, oo large a ficld, the incorrect
positioning of the patient or incorrect film processing
(underdevelopment) in x-ray examinations. Even quite
small deviations from satisfactory techniques can
remove the correlation [L19]. But to some extent,
there is a positive correlation between dose and
information for a given technique: doses that are 100
low permit random noise to blur the images so that
they are not clinically useful |G2]. Particularly in
fluoroscopy, images may appear to improve in quality
with increasing dose 1o the patient |B4).

32, In therapy, it is neccessary that deterministic
effects be induced in the target organ. In consequence,
the dose to the target organ must usually exceed some
threshold. Below this threshold, no benefit at all is
likely to result. Above the threshold, the dose imparted
to the target volume must be delivered within a

- o
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narrow range, since higher doses do not produce an
extra benefit but may cause serious injury or death,
This description is simplified, since the height of the
threshold can be manipulated in various ways, such as
with concurrent chemotherapy, but it indicates that the
amount of benefit is not lincarly cormrelated with the
dosc in radiotherapy. )

33, The risks associated with the diagnostic uses of
jonizing radiation arc normally limited to late stocha-
stic cffects, which are estimated to occur at a fre-
quency of perhaps 0.01% for an avcrage examination
(deterministic skin damage may occur after fluoro-
scopy in extreme cases). At the individual level, these
risks are almost always small compared to the benefit
of diagnosis and trcatment. They may also help to
avert a competing risk; for instance, cardiac fluoro-
scopy could entail entrance surface doses of several
gray, possibly even inducing deterministic skin
damage, but might obviate the need for open heart
surgery. In contrast, the risks associated with
radiotherapy treatment involve deterministic effects,
which must be induced to a sufficient extent, and also
late stochastic effects, which can occur in about 10%
of therapy courses [W10]. In fact, second cancers in
radiotherapy patients are important sources of data for
the assessment of radiation risks.

34. From a radiation protection point of view, doses
should be maintained as low as reasonably achievable.
This means that exposures above clinically acceptable
minimum doses, must be avoided. There is much
potential for reducing the risks associated with medical
radiation exposures for diagnostic or therapeutic
purposes. While radiation protection is outside the
scope of this Annecx, the considerations involved
influence the doses encountered and thercfore merit
mention here. The Annex discusses some ways of
reducing doses from specific procedures. In particular,
quality control programmes are setting targets for
facilities whose doses are excessive, thereby reducing
average doscs.

35. Mass screening programmes continue to come
under scrutiny, and in most countries mass lung
screening  programmes have been reduced or
climinated. Mammography screening programmes,
however, are expanding. Nationwide breast screening
programmes and policies are in effect in Finland, the
Netherlands, Sweden and the United Kingdom. Scveral
other European countries, Australia, New Zealand and
several provinces in Canada have decided to start such
programmes [V17]. The bencfits of such programmes
are diminished if the screening procedures sub-
sequently induce breast cancers. Since the frequency
of breast cancer increases with age and the radiosensi-
tivity of the breast decreases with age, the relative
benefit of screening is much greater in older women.

The qucstion of suitable age to start screening and
how often to repeat it (in other words, the question of
when the benefit outweighs the detriment) has been
studied by several authors [A6, A8, D3, D6, 110, M25,
V1, W11} These considerations apply only to mass
screening programmes. In clinical examinations of
women in whom breast cancer is alrcady suspected,
correctly performed mammography will  virtually
always be beneficial.

36. There is certainly merit in secking to restrict
doses when the radiological procedures are readily
available. For most of the developing countrics,
however, the more important need may be to expand
the availability of medical radiation services. Health
will improve with such an expansion, and therefore an
increased collective dose to the population due to
higher examination frequency would be justified. Even
here, however, it is important to maintain equipment
in proper order and to introduce modemn techniques to
optimize the radiation exposures that are made for
medical purposes.

D. SUMMARY

37. Medical radiation facilities are very unevenly
distributed in the world. Four levels of health care
have been defined, based on physician densities.
Level I comprises countries with fewer than 1,000
persons per physician, level Il countries have 1,000-
3,000, level 111, 3,000-10,000 and level IV, more than
10,000 persons per physician. Some 26% of the world
population resides in level I countries, 50% in level 11,
16% in level 1II and 9% in level IV countries. The
data provided in response to the UNSCEAR Survey of
Medical Radiation Usage and Exposures indicate that
in 1990, there were 210,000 radiologists worldwide,
720,000 diagnostic x-ray units, 1.6 billion x-ray
cxaminations performed and 6 million patients
undergoing some form of radiotherapy. Some 70% of
these medical radiation services were available in
countrics of health-care level 1 and the remaining 30%
to the three quarters of the world population that live
in countries of health-care icvels II-1V.

38. Medical irradiation entails benefits to the patient
as well as detriment from the radiation exposure.
Radiation protection is not in itself a subject of this
Annex, but its effect on medical exposure is discussed
where relevant. Doses to patients are described in
terms of cffective dose or effective dose equivalent,
depending on which of these quantities were available.
The quantity effective dose (or effective dose
equivalent) was chosen to facilitate comparisons, but
it is not used in any calculations aimed at assessments
of detriment to patients. Instead, effective doses have
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been supplemented, where possible, with basic data on
cntrance surface doses or administercd activity to
facilitate comparisons. For therapy patients, no single
type of dosc quantity permits a valid determination of

radiological impact, so the assessment of this practice

is based primarily on the numbers of patients recciving
various treatments, with effective dose used as supple-
mentary information.

II. DIAGNOSTIC X RAY EXAMINATIONS

39. Of the medical uscs of radiation, the examination
of paticnts with x rays for diagnostic purposes is by
far the most frequent practice. Such examinations are
performed in all kinds of health care establishments,
including hospitals and medical clinics but also, c.g.
chiropractic and podiatric clinics in many countries.

40. Although the doses from diagnostic x-ray
cxaminations are gencrally relatively low, the
magnitude of the practice makes for a significant
radiological impact. National data on diagnostic medi-
cal x-ray cxaminations, provided in response to the
UNSCEAR Survey of Medical Radiation Usage and
Exposures and supplemented with published data, are
cvaluated in this Chapter.

41. Although the frequencies of examinations and
dosc data are becoming available for many more
countries than in carlier UNSCEAR Rcports, it is
important to remember the limitations of these data.
Often, estimates in the Tables are based on quite small
and not necessarily unbiased samples. Minor differ-
cnces between countries or examinations should
therefore not be overinterpreted. In general, values for
cxaminations and procedures are given to two signi-
ficant figures, while summary data are shown with one
significant figure.

A. FREQUENCIES OF EXAMINATIONS

42. Annual numbers of diagnostic medical x-ray
cxaminations reported by different countries span
scveral orders of magnitude. They are shown in
rclation to the population of the country and its level
of health care in Figure I; data for 1985-1990 are used
for level 1 and data for 1980-1990 are used for levels
1I-IV 10 cncompass a greater number of countries.
Countries of health-care level 1 fall on the upper cdge
of the distribution; countrics of lower hcalth-care
levels show fewer cxaminations at the same relative
populations. When the same data (numbers of
examinations) are plotted against the number of
physicians, a much tighter correlation is evident Only
four countries fall somewhat below the general distri-

bution: Ecuador, Honduras, Myanmar and Peru, It
could be that the pattern of examinations is different
in these countries, but it is more likely that the number
of examinations has been underestimated. For instance,
information from private practice is often unavailable.
It could also be that the number of physicians has
becn overestimated; the definition of a physician is not
standard, so this possibility should also be considered.
On the whole, however, using the number of
physicians as the basis for extrapolating from averaged
reporicd data to the number of examinations
worldwide seems well founded.

43. The total annual frequencies (number of
examinations per 1,000 population) of all diagnostic
medical x-ray examinations performed in a country are
listed in Table 6 and illustrated in Figure II. The
distribution of frequencies at cach level is appro-
ximately log-normal. The range in level I countries is
a factor of 6 (200-1,280 cxaminations per 1,000
population) and an order of magnitude or more in
levels 1l and IIT (15-520 and 10-180 cxaminations per
1,000 population, respectively). Only one value is
available for level IV from the present survey
(Rwanda: 9 examinations per 1,000 population); this
has been supplemented in this Figure by values
available for Cote d’Ivoire and Nigeria for 1977
(40 and 25 cxaminations per 1,000 population).
Examination frequencies for individual patients or
yecars may of course deviale considerably from these
annual average values. Repcated examinations of small
subsels of the population are discussed in Section
1L.F.3.

44. Most data on cxamination frequencies were ob-
taincd by surveys or registrations that were compicte
enough lo give representative results. In some cases,
however, only small samplings were available that
may not adequatcly reflect the availability of medical
radiation services in the country. The frequency for
Turkey, for cxample, is bascd on data from a single
urban centre scrving only 1% of the population of the
country. This very likely explains why il is so
different from the frequencies in other countries of
health-care level 11, and this should be recognized in
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deriving the average values. In other cases, samples
may bec adequate in size but nol completely
representative. For example, the frequency for Brazil
scems to be based on public hospitals only.

45. There are questions about the results for other
countrics as well. According to the 1984 WHO survey
of the number of physicians in various countrics
[U18], Ecuador has moved from level II to the border-
linc of tevel 1. The frequency of examinations remains,
however, clearly typical of level I, so the classifi-
cation has not yet been changed in this analysis.

46. There is no question about the health-care level
for the United States, but the valuc for examination
frequency in 1985-1990 of 800 per 1,000 population
rests on considerable extrapolation. Some information
indicates that the estimate could be an underestimate
by up to 60% [B10, G8, M2]. Comprchensive stati-
stics on medical radiation arc often inadequate for
collective dose evaluation. Many countries emphasize
the delivery of medical services and pay less attention
to the collection of data that might be needed to
cvaluate the collective radiological impact, which is
anyway a secondary consideration. That said, however,
estimates of cxamination frequencics are more broadly
based than cver and are contributing to more reliable
estimates of worldwide values.

47. The population-weighted frequencies of exam-
inations in 57 countries are summarized in Table 6.
Since the values for some larger countries are usually
above the median values, slightly higher values are
derived for the population-weighted averages. These
values arc 890 and 120 examinations per 1,000 popu-
lation in countries of health-care levels I and II,
respectively, for 1985-1990 and 64 examinations per
1,000 population in countries of health-care levels 111
and IV combined. Average frequencies of examination
have gencrally been increasing. Data are not available
to show trends in individual countries 1o any great
extent, cxcept at level I Examinations in Thailand
(level 1IT) increased by 50% between the first period
and the successive periods, and examinations in China
increased by 30% betwcen the second and third
periods. At health-care level 1, a few countries showed
downward wends: Crzechoslovakia, Finland, the
Netherlands, Norway, Romania and Sweden. Increases
were apparent for Canada, Cuba, the Federal Republic
of Germany, France, Japan and Malta.

48. Data on specific types of cxaminations are
summarized in Table 7. The average frequencies are
the population-weighted values (i.e. the total number
of examinations divided by the total population of
reporting countrics). They arc best suited for the
evaluation of collective doses. These and other stati-
stical paramciers arc summarized in Table 8, The

standard dcviations on the unweighted average values
may be uscd 1o identify unusually high or low fre-
qucncics of examinations. For example, examinations
of the chest in the RSFSR of the former Sovict Union,
cxaminations of the abdomen and gastro-intestinal
tract and computed tomography in Japan and uro-
graphy, angiography and mammography in the Fedcral
Republic of Germany exceeded the average values in
1985-1990 by morc than two times the standard
deviations. There may be medical or other explana-
tions for the greater frequency of specific exam-
inations.

49. The trends in examination frequencies are illu-
strated in Figure IIl. These are the population-
weighted averages of available data. The composition
of the groups may vary from one period to another,
thus affecting the comparisons. Countries of health-
care level I are well represented. At level II, China
and India are represented in the more recent periods,
which helps the reliability of results. Too few data are
available for countries of health-care levels 11 and IV
10 give reliable averages.

50. The main type of examination at all levels is that
of the chest. This examination made up 60% of the
total in level I countries during 1985-1990 and 70% in
all other countrics. Examinations of extremities, the
remainder of the skelcton and the digestive system
(abdomen and gastro-intestinal tract) accounted for just
over 10% cach of the total in level I countries and just
under 10% in other countrics. This leaves about 10%
for other more specialized examinations in countrics of
health-carc level I and only a few per cent for these
examinations in all other countrics.

51. Almost all examinations are becing performed
with incrcasing frequency, especially in countries of
health-care levels II-IV. There are differences between
countries with respect 1o the most prominent trends,
however. In countries of hcalth-care level 1I-IV the
largest increase is in examinations of the chest (from
10 10 100 and from 20 to 50 examinations per 1,000
population in levels II and III-1V, respectively). In
countries of bhealth-care level I, the most notable
increases are in computcd tomography and examina-
tions of the skull and abdomen. Mammography
examinations increased threefold in level I countrics in
1985-1990, compared with carlicr periods.

52. A decreasing trend is noted for examinations of
the chest in level I countries. This could be the result
of the dccreasing emphasis on mass screening
programmes. Examinations of the extremities, the
spine and the gastro-intestinal tract and urography-
cholecystography reached stable levels during the last
two five-ycar periods.
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53. There arc wide variations in examination
frequencics between  countries, even if they are
geographically close and culturally and cconomically
similar. The total frequencies of examinations in
European countrics differ by a factor of 3. A compara-
live investigation in France, Italy and the United
Kingdom found differences which indicate that medi-
cal cxposures are not justified in the same way in
these countrics [C2]. The frequencies of x-ray exam-
inations in the Nordic countries varied by over 50% in
1982 from S00 to 800 per 1,000 population [S14],
with the highest frequency in Finland, primarily
because more radiological examinations took place
outside of hospitals at health centres and private
clinics. The frequency of colon examinations is fairly
similar in the five Nordic countrics, while stomach
cxaminations are more frequent in Norway, primarily
because endoscopy is less used. Cholecystography is
performed about twice as frequently in Sweden as in
other Nordic countries, presumably because there are
fewer radiologists who could perform ultrasonographic
cxaminations, Sweden has the highest frequency of
mammography, because the Government recommends
screening, while Denmark and Norway have no
screening apart from minor rescarch projects.

54. Statistics may be less accessible in health care
systems where medical care is largely private and thus
decentralized. They may also be less reliable; for in-
stance, the increase in the number of x-ray examina-
tions at bospitals in the United States could be due to
a shift from private clinics to hospitals, making the
change more apparent than real [N1]. While compari-
sons may be indicative, they must always be treated
very cautiously. The definitions, methods of exam-
ination, methods of measurement and other conditions
may vary greatly between studies. Thus, similarities
and differences may be spurious and conclusions may
be false, even in the rare cases where a formal
analysis of statistical significance scems technically
feasible. There may also be regional differences within
countries. The frequencies of diagnostic x-ray exam-
inations in the different republics of the former USSR
are estimated to have ranged from 500 to over 1,100
per 1,000 population in 1987 [S18]. Thus, cven with
centrally organized health care systems, differences
may occur.

55. Computed tomography is rapidly becoming a
very important diagnostic technique. The number of
compuled tomography scanners in the United States in
1980 was 6.7 per million population, while the figure
for Japan was 25 per million in 1984. In tbe United
States, the number of computed tomography scanners
in hospitals increased from 3 million in 1980 to 12.3
million in 1990 [M2]. In New Zealand, there were
about 5 per million in carly 1988, expected to be 20
per million within a few years [P11]. A study in

Manitoba, Canada, showed the number of computed
tomography scans steadily increasing, from 200 per
month in 1977 to 1,500 per month in 1987 {H4). The
number of computed lomography scanners in the
United Kingdom has increased from 1 scanner in 1972
to over 200 in 1990 [S42). The relative frequency of
such cxaminations in the United Kingdom is now
estimated to be over 20 per 1,000 population [S42),
contributing 20% of the collcctive effective dose from
X-ray examinations [S43].

56. The data in Table 8 show an unweighted average
value of 22 computed tomography examinations per
1,000 population in countries of bealth-care level I,
with morc than 30 per 1,000 population in Australia
and the Federal Republic of Germany, 50 per 1,000
population in Belgium and 97 per 1,000 population in
Japan. In the UNSCEAR 1988 Report [Ul], the
average frequency of computed tomography examina-
tions in countries of health-care level I was estimated
10 be 9 per 1,000 population. An upward revision
would, therefore, scem justified. The procedure is used
at negligible frequency in all countrics of health-care
levels 11-IV: some 2 examinations per 1,000 popula-
tion, at most, with many countries rcporting none of
these examinations.

B. AGE- AND SEX-DISTRIBUTIONS

57. The age- and sex-distribution of patients in dia-
gnostic x-ray ecxaminations, and the population-
weighted averages of these for each of the health-care
levels, are given in Table 9. Broadly speaking, patients
subjected to x-ray examinations are older than ran-
domly chosen members of the public. This does not
necessarily mean that x-ray cxaminations of children
are rare. Many examinations are in fact rather frequent
in children (in particular, those of the chest, the
extremities, the skull, the pelvis/hips and the abdomen,
and urography).

58. For level II-1V countries, the fraction of the
patients that are children is larger than for level I
countries. This difference is statistically significant.
However, the frequency of child examinations may
still be lower than in level 1 countrics, since the total
examination frequency is much lower. Although the
detail is not given in Table 9, reports indicate that the
cxamination of infants and young children is not
infrequent. The per caput cffective dose equivalent to
children in the Federal Republic of Germany in 1983
was estimated 10 be 30% of the cffective dose
cquivalent to an adult [M15].

59. These gencral conclusions from Table 9 are in
agreement with observations in the UNSCEAR 1988
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Report [U1], where it was also pointed out that the
greater proportion of children in the populations of
countrics of health-carce levels II-1V is reflected in a
higher sharc (comparcd to level 1 countrics) of
children among examined patients. The differences in
population age structure appear to be sufficient to
explain the diffcrences in patient age. The average
ages for countrics contributing data for Table 9 could
be roughly calculated to be 34 years at level I, 27
years at level 1 and 24 years at level III. Similarly,
the roughly calculated average ages for patients are 44,
36 and 38 years, Thus, the average person in a level 11
or IIl country is 7-10 years younger than the average
person in a level I country, and the average patient in
level 11 or IIT countries is 6-8 years younger than the
average patient in a level I country.

60. Thc sex distributions do not deviate widely from
the distribution of males and females in the
population. The excess of women undergoing chole-
cystography in countries of health-care level I is well
known and may possibly be related to dict. Likewise,
the excess of women in level I countries having lower
gastro-intestina) tract examinations was recognized in
the UNSCEAR 1988 Report [Ul}. The excess of
women in countries of hecalth-care level I having
pelvis/hip examinations is probably associated with
femoral fractures and bip joint replacements in older
women. The data indicate consistendy fewer female
paticnts in level IT and level IIT countries than in
level T countries, which, if correct, may reflect an
uneven distribution of medical care in different
countries.

C. DOSES IN EXAMINATIONS

61. Estimates of doses 1o patients in diagnostic x-ray
cxaminations, derived largely from the UNSCEAR
Survey of Medical Radiation Usage and Exposures,
are listed in Table 10. The primary quantity shown is
average entrance surface dose, ESD, per examination.
The dose-area product, DAP, was reported in onc or
two cases, but these values are not included in the
Table. Both quantities are readily measurable. When
reported in response to the UNSCEAR Survey of
Mcdical Radiation Usage and Exposures, effective
doses (or effective dose equivalents) are also listed in
Tabie 10. Effective dose can be calculated from ESD
or DAP if the projection, tube kilovoltage and beam
filtration are known [B23, G23, H27, J3, R23, R24,
R28, S45] and, if necessary, correcled for patient size
and anatomy |[L24, L25 S46). A reasonable
approximation of effective dose without such detailed
information is possible from DAP [L23] but difficult
from ESD. In the absence of such data, effective doses
were not calculated.

62. Population-weighted average values of cffective
dose cquivalent for specific examinations are sum-
marized in Table 11 and illustrated in Figure IV. In
line with carlicr studics, average doscs are compara-
tively high for gastro-intestinal tract examinations,
about 4-7 mSv at health-carc level 1. Angiography and
computed tomography also confer relatively high
dases, about 4-7 mSv. Urography doscs are about
3 mSv. Cholecystography and lumbosacral spinal
cxaminations give doses of 1.5-2 mSv. Effective dosc
cquivalents from examinations of the abdomen or of
the pelvis/hip are of about 1 mSv. Fluoroscopic chest
examinations arc also associated with doses around
1 mSv, while chest radiography gives average doscs of
0.14 mSv, and fluorographic mass miniaturc examina-
tions, 0.5 mSv. Examinations of the skull or extre-
mities cause average effective dosc equivalents of
0.05-0.15 mSv. The average for mammography,
1 mSv, may be spuriously high due to a very high
value (9.5 mSv) reported from Czechoslovakia (values
of about 0.5 mSv are reported from several countries).

63. The average effective dose equivalents in coun-
tries of health-care level I, illustrated in Figure IV,
indicate that, for the same examination, the doses were
consistently higher in 1970-1979 than in 1980-1990.
This does not neccessarily mean, however, that per
caput effective dose equivalents are decreasing, since
the spectrum of examination changes as wcll. Com-
puted tomography was alrcady mentioned above as
onc example of the developments that affcct collective
doses appreciably.

64. Comparison of the average doscs from exam-
ination in countries of health-care levels I and 11 in
1980-1990 is also illustrated in Figure 1V (carlicr data
are not available for level II, and data arc altogether
insufficient for ievels IIl and IV). No consistent
difference is apparent: reported doses for level II are
about twice those for level 1 for cxaminations of the
lumbosacral spine, pelvis and hip, 20% higher than
level I doses for upper gastro-intestinal tract
examinations, similar to level | doses for chole-
cystography and for skull examinations; balf the
level 1 doses for urography and for examinations of
the extremities: and less than half the level I doses for
examinations of the chest, abdomen and the lower
gastro-intestinal tract. While based on only two
countries (China and India), the averages for jevel 11
refer to a large population. Nevertheless, apparent
differences betwcen health-care levels should be
interpreted very cautiously. Some reported dilferences
between China and India arc bigger than the apparent
differences between the averages of different health-
care levels. It scems highly likely that dose differences
of similar magnitude occur within these large
countries. Conditions in China or India may also be
quite different from conditions in other countries of
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level Il or in countries of level 111 or 1V, where the
morc frequent use of fluoroscopy may cause higher
doscs.

65. Numecrous factors of technique contribute to the
dosc variation observed. Several such factors are listed
in Table 12, which compiles both general information
[N5] and information originally aimed at mammo-
graphy [R18, S56] but relevant also in a general
context. Paticnt size is not listed in Table 12, since it
is not a controllable factor of technique, but it con-
tributes appreciably to variation [L24, L25, V3], also
between countries. For instance, the weight of the
reference Japanese adult male is 61.5 kg and the
female 51.5 kg [TS], compared with 70 kg (male) and
60 kg (femalc) of the ICRP reference man [I2].

66. Variations in dose for specific procedures are
discussed in more detail below. These include (a)
fluoroscopy, because of its significant impact on pro-
cedures and per caput doses; (b) computed tomo-
graphy, because of its rapid growth; (c) chest exam-
inations, since they are so frequent; (d) mammo-
graphy, with a view to its use in screening pro-
grammes; (c) chiropractic examinations, since they are
not well known; and (f) neonatal and child examina-
tions, because these patients may be more radiosensi-
tive than adults.

1. Fluoroscopy

67. Traditional fluoroscopy (in which a fluorescent
screen receives an image) and photofluorography (in
which the image on the screen is recorded
photographically or clectronically) often cause high
absorbed doses in the patient. There are two reasons
for this: dose rates may be high and exposure times
may be long. There are wide variations in patient
cxposures, even for the same type of examination,
between patients, between equipment and between
radiologists (see, e.g. [R1]). Modermn equipment with
image intensifiers may mean that fluoroscopy and
photofluorography do not cause relatively higher
doses. The imaging properties of image intensifiers
have improved, and the input screen size can now be
large. Based on these technical developments, a dose
reduction of about one half was possible with
large-screen image intensifier photofluorography
instcad of screen/film radiography (with full-size
images) in posterior/anterior (PA) projection in
scoliosis examinations [M5]. A Swiss study of older
and newer (luoroscopy units for chest screening
purposes rcvealed a 30-fold range in dose rates.
Entrance surface doses ranging from 0.1 mGy for the
most modern unit to 2.2 mGy for an old mobile unit
were observed, the lower value being one third of the
entrance surface dose observed in the same study for

screen/film radiography [M37]. Nonctheless, modem
equipment may also have a potential for high doses,
but for somewhat differcnt reasons. For instance,
high-level fluoroscopic boost options for image
enhancement can contribute to high doses and may be
easily activated, e.g. by a simple foot pedal [C12].

68. Thus, fluoroscopy can causc a high dose to an
cxamined patient. Furthermore, its widespread use in
countrics of health-care levels TI-1V contributes to high
collective patient doses [Ul]. But where the Basic
Radiology System dcveloped by the World Health
Organization [W3] is installed, there seems to be a
potential for substantial dosc reductions, which are not
yet reflected in reported data (see Table 10). Trials at
a Swecdish hospital [H7] indicate that doses for
common examinations could be reduced by 80% [C2]
or even more in comparison with older fluorographic
systems. Trials in Colombia [W3], which show doses
less than half of those observed in the United States,
scem to corroborate these results. Furthermore, the
effective dose equivalents for specific examinations
(see Table 10) do not appear to be consistently higher
in level I countries than in level I countries. For
levels III and 1V, information is insufficient to draw
any conclusion, but higher doses may be suspected,
owing to, for one thing, the absence of stable voltage
in many countries [B18].

69. Interventional radiclogy describes procedures in
which the physician utilizes radiology for guidance
before, during or after surgery or in relation to other
examinations or treatments. Some cxamples are the
placement of cathcters for drainage, stone extraction,
recanalization, the dilatation or occlusion of vessels
and the infusion of pharmaceuticals, as well as the
needle biopsy of various lesions. The dilatation of
vessels by percutaneous transluminal angioplasty may
be peripheral (PTA) or cardiac (PTCA). Most of these
procedures require fengthy periods of fluoroscopy and
may impart high doscs to patients and staff. On the
other hand, the frequency of these often life-saving
procedures is low. The total frequency of interven-
tional radiology in Nordic countries varies from 0.3 to
0.8 per 1,000 population [S14]. Of these, the higher
values are obtained in countries with a high frequency
of percutancous nephrostomy. PTCA, with potentially
very high doses, is practiscd at a rate of 0.03 to 0.05
procedures per 1,000 population [S14]. The number of
PTCA procedures in the United States increased to an
estimated 400,000 in 1990 [K29).

70. Average effective dose equivalents in
interventional radiology were determined by Diaz-
Romero et al. [D18] for 1,389 paticnts at Tenerife,
Canary Islands. The results included an adjustment
factor of 0.85 to take account of the age distribution
of patients (see Section I.B and [H4]), After recalcula-
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tion to removce the adjustment factor, the cffective
dosc equivalents (Hg) ranged from 1.9 mSv (for
ncphro-urinary procedures) to 15 mSv (for abdominal
arteriography). Some specific dose data and other
information are given below for cardiac, cerebral and
nephro-urogenital interventional radiology, as well as
for other types of fluoroscopy. Gonad doses for somce
interventional radiology procedures are available
[V14]. Fluoroscopically guided fallopian tube recana-
lization as a treatment for infertility has been attracting
intcrest recently. Average absorbed ovarian doses of
8.5 * 5.6 mGy (corresponding to an effective dosc
equivalent of about 2 mSv) were recorded by
Hedgpeth ct al. [H45].

71. The greatest radiation dose to individual patients
in fluoroscopy is associated with the imaging of the
heart (interventional or otherwise). Skin doses in
cardiac angiography often approach 1 Gy, and during
coronary angioplasty skin doses between 1 and 5 Gy
were recorded for 31 patients in an Australian study
[H1]. A maximum skin dose of 43 Gy (for 1 hour of
fluoroscopy and 2 minutes of digital subtraction angio-
graphy) is quoted in Finland [P12], corresponding to
an cffective dose equivalent of about 1,400 mSv, This
was a unique casc, and typical skin doses were around
1 Gy (corresponding to an effective dose equivalent of
about 10 mSv). In a French study, Moroni et al.
[M30] highiighted some special situations with very
long exposure times in angiography or catheterization,
such as the sampling of pancrcatic hormone to detect
mute cancer or hepatic embolizations. Entrance surface
doses of 2 Gy and gonad doses (outside the primary
beam) of 3.2mGy were obscrved in single
examinations. A study in the United Kingdom [T9]
reported that entrance surface doses of up to 1 Gy
were in the normal range for digital subtraction
angiography (including the associated fluoroscopy).

72.  Some variations are difficult to assess. Paticnt
doscs differed significantly between cardiologists in
onc hospital in the Netherlands, but not in another one
(K1]. Digital subtraction angiography (DSA) with
pulsed high dose-rate fluoroscopy should permit
paticnt doses to be reduced to about one third of the
dose in conventional angiography. To some extent,
however, this may be offset by more liberal use of the
procedure [J6, P2]. The range of entrance surface
doses and organ absorbed doses in angiography
enumerated in two reviews [S37, V14] are sum-
marized in Table 13. For cercbral angiography during
the embolization of arteriovenous malformations,
effective dose equivalents to patients of 6-43 mSv
were recorded [B29] for entrance surface doses of
170-1,400 mGy, a range cxceeding that given in
Table 13. In another study [F3], effective dose
cquivalents in cercbral angiography ranged from 2.7 to
23 mSv (average: 10.6 mSv). Of this dose, fluoro-

scopy contributed 67%, cut films 26% and DSA 7%.
Absorbed doses to organs in the bead in conventional
and DSA in the Federal Republic of Germany were
given in [G17]. DSA caused lower orbital doscs:
conventional angiography produced lower doscs in the
cervical marrow, the cercbellum and the parotid
glands.

73. While imaging of the heart causes high indi-
vidual doses, the collective dosc is mainly influenced
by the much more {requent fluoroscopic examinations
of the gastro-intestinal tract. In the United Statces, these
causc average effective dose equivalents per examina-
tion of 2.4 mSv (upper gastro-intestinal tract exam-
ination) and 4.1 mSv (barium cnema). Due 10 the fre-
quent use of these cxaminations, they producc annual
collective effective dose equivalents of 18,500 and
19,900 man Sv, respectively. Together, this is over
40% of tbe annual collective dose due to diagnostic
x rays in the United States [N1]. Fluoroscopy time in
gastro-intestinal tract examinations is an important
source of dose variation [H33]. Screening time can be
reduced significantly with no loss of examination
quality {H14]. This, coupled with radiation protection
attention [B4, S54], means that decreasing doses per
examination are to be expected. Of course, examina-
tions causing very low doses have litle impact even if
they are frequent. Fluoroscopy of the extremities
produces absorbed doses of a few milligray [C11] and
effective dose equivalents of 0.1 mSv or less,

74. In Japan, effective dose equivalents per exam-
ination of the upper gastro-intestinal tract were found
to be 2.1 mSv for radiography and 2.8 mSv for fluoro-
scopy, with a total of 5 mSv when both procedures
were utilized. Owing to the frequent use of these
examinations, they cause annual collective effective
dose cquivalents of about 35,200 man Sv (radio-
graphy) and about 43,400 man Sv (fluoroscopy). This
is about 43% of the total annual collective effective
dose equivalent from all x-ray diagnostic examinations
in Japan [M4]. Suleiman et al. [S34] reported the
following absorbed doses for upper gastro-intestinal
tract cxaminations in the United States, apparently
indicating somewhat lower effective dose equivalents
than in Japan: thyroid, 0.2-3.5 mGy, lung, 0.9-4.2
mGy, red bone marrow, 0.8-5.4 mGy and uterus, 0.2-
1.0 mGy (all numbers refer to the sum of radiography
and fluoroscopy). In another survey in the United
States, enteroclysis caused entrance surface doses three
times higher than dedicatcd peroral small bowel study
(123 + 60 mGy as opposcd to 46 * 21 mGy) [T14].

75. In extracorporeal shock-wave lithotripsy, fluoro-
scopic x-ray imaging is uscd to localizc renal stones.
Onec estimate from the United States of a likely
surface air kerma was about 225 mGy [L1]. Other
estimates, also from the United States, gave surface
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doses of 10-300 mGy, with average female gonadal
doses of about 1 mGy [B1, G13]. The dose increased
with increasing stone burden and paticnt weight, and
stones in the ureter resulted in higher average doses
than renal stones [C8). The introduction of a radiation
control programme in the United States permitied
exposurc reductions of between 20% and 60% [GS5).
An investigation in Canada produced similar valucs,
with an average entrance surface dose of 140 mGy,
corresponding to an cffective dose cquivalent of about
0.8 mSv [HS5]. Avcrage surface doses of 30-34 mGy
were observed in Taiwan [C20]. The authors attributed
their relatively low doses to, among other things, small
average paticnt size, which permitted low current for
spot films.

76. An alternative to extracorporeal lithotripsy is
percutancous lithotomy. In this procedure, fluoroscopy
is uscd to localize the renal stones for extraction. A
Swedish study reported an average cffective dose
equivalent to the patient of 4.2 mSv (range: 0.60-
8.3 mSv) [G4]. In Finland, percutancous nephrostomy
(which is a part of percutaneous lithotripsy) generated
entrance surface doses to patients of 160 mGy [V13].
Thus, the newer technique of extracorporeal lithotripsy
does not seem to cause higher radiation exposure; if
anything it docs the reverse [V13]. An investigation in
the United Kingdom [R3] gave similar results. Extra-
corporcal renal stone lithotripsy has been much more
successful than the corresponding technique for gall-
stones [M33]. Although gallstones arc more frequent,
only a limited number of patients are suited to such
treatments [Z5], so the frequency of this procedure is
not expected to increase markedly.

77. Numerous suggestions for reducing doses in
fluoroscopy have been made. During placement of
feeding tubes, a procedure that is not diagnostic and
does not rcquire an image of high quality, order-
of-magnitude dose reductions (from entrance surface
doses of about 300 mGy) were achicved by removing
the anti-scatter grid and increasing the iris of the video
camcra [R20]. Similar reductions were possible for
nasocnteral tube placements [R13]. This is of signi-
ficance, since many of the paticnis in question are
exposed 1o these procedures repeatedly. A broader
overview of measures to reduce doses in fluoroscopy
has been published [113].

2. Computed tomography

78. In computed tomography (CT), the conditions of
exposure are quite differcnt from those in conventional
x-ray imaging. This has required the development of
specific techniques for assessing patient dose from
computed tomography. Usually, the dose in a single
CT slice is estimated using either the computed tomo-

graphy dose index (CTDI) or the multiple-scan
average dose (MSAD) [C23, C24]. CTDI is defined as
the integral along the axial, z, dircction of a single-
slice dose profile, D(z), divided by the nominal slice
width, MSAD is the average dosc across the central
slice from several contiguous slices. These two para-
meters are related, and, under certain conditions, are
identical for 7 mm thick slices. For thicker slices,
MSAD underestimates CTDI, by 10%-15% for a
10 mm slice [C23]. Entries under ESD in Table 10 are
actually such slice doscs, as indicated in a footnote.
From slice doses, organ doses and, ultimately,
effective doses can be estimated [J7, S43, Z16).
Studies in the Nationwide Evaluation of X-ray Trends
(NEXT) programme in the United States in 1990
[C23] indicated MSADs in examinations of the hecad
of, usually, 34-55 mGy, although doses as high as
140 mGy were encountered.

79. The dose per cxamination by computed tomo-
graphy varies with the type of examination. On
average, the cffective dose equivalent to patients
undergoing such examinations was 3.2 mSv in a study
in Manitoba, Canada, in 1987 [H4]. Since there were
18.2 examinations per 1,000 inhabitants in Manitoba,
computed tomography contributed 0.06 mSv to the
annual per caput dose from medical exposure. Effec-
tive doses, as well as effective dose equivalents, in
1989 for specific examinations and for all computed
tomography in the United Kingdom were compiled by
Shrimpton et al. [S43]. On average, the effective dose
is lower than the effective dose equivalent by a factor
of 0.7, with ratios for specific examinations ranging
from 0.5 to 1.5. Only for the cervical spine is the ratio
greater than unity. Their results, and associated data
on examination frequency [S42], are summarized in
Table 14. Absorbed organ doses recorded in the same
project are given by Jones and Shrimpton [J7].
Detailed information on eye lens and gonadal doses
during computed tomography were given by Rosen-
kranz et al. [R2].

80. In computed tomography, the absorbed dose for
a given examination varied by a factor of 3 in New
Zecaland [P11], and a factor of 5 in Sweden [M1] and
the United Kingdom [C9]. In Japan, the effective dose
equivalent for the same examination varicd by a factor
of up to 3.5, depending on the scanner unit [N8].
Table 15 summarizes some of the dose data obtained
in that study. Panzer ct al. [P3] noted even greater
variation, by a factor of up to 10, with 122 scanners in
the Federal Republic of Germany. Researchers in the
USSR found that some dose variability was unavoid-
able due to the clinical situation [Al], but apparently
some of the variation could be removed. This would
be important, since the general use of computed
tomography is increasing at the same time as doses
per examination are also increasing [H4). Siddle et al.
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discussed variation betwcen scanner units [S29] and
between procedures [S30] in Australia in connection
with the risk of causing cataracts in the cye lens. They
concluded that while ncither scanner variation nor
procedurc variation led 1o doses approaching the thres-
hold for cataracts in their studics, a potential for such
doscs doces exist. A low-dose technigue for computed
tomography orbital volume measurements reduces lens
doses from over 100 to 11 mGy [M24].

81. In somc cases, the dose from a computed
tomography examination is lower than the dose from
similar examinations with conventional techniques. For
instance, conventional myelography of the lumbar
spine gives effective doses equivalents that are five to
nine times higher than those for computed tomography
of the same region (Hg = 9-18 mSv compared to
1-2 mS8v), whilce cffective dose cquivalents are similar
for the two techniques for cervical spine myelography
(about 2 mSv) [H28]. However, paticnt doses from
computed tomography examinations are typically an
order of magnitude higher than those from conven-
tional x-ray diagnostic examination, as reported in the
Federal Republic of Germany [P10] and in the United
Kingdom [S43].

82. Fetal doses in computed tomography
examinations of pregnant patients were evaluated by
Felmlee et al. [F6] and Panzer et al. {P9]. Both articles
provide the necessary formulae for dose calculation.
Felmlee et al. concluded that clinically required head
scans can be performed with litle or no dose to the
fetus, and that the prudent use of body scans can be
considered.

83. Several European countries arc at present
collaborating on quality assurance measures to reduce
the variability in doscs from comparable computed
tomography scans [C9]. Such cfforts at reduction are
expected to reduce average doses (or rather, since both
the number of examinations and the dose per examina-
tion are increasing for other reasons, as detailed above,
1o limit the rate of increase). Equipment failure can, of
course, increase doses; as an example, the accidental
loss of filtration increascd cntrance surface doses in
head and body scans by some 25% [Y2].

3. Chest examinations

84. Individual doses are usually low in radiographic
chest examinations. Digital computed radiography
could permit even smaller doses than screen/film
radiograpby (although some effort might be required
1o achieve acceptable image quality) [J10, K24, L19,
M34]. As an example of doses in conventional chest
radiography, the effective dose equivalent averaged
over all chest x-ray units in Manitoba, Canada, and

over all projections in 1987 was 0.07 mSv [H24]. The
authors stressed that lateral projections (taken in
addition 1o posterior/anicrior or anterior/posterior in
70% of the Manitoba cxaminations) contributed most
to the cffective dose equivalent for a chest examina-
tion. For posterior/antcrior only, the avcrage entrance
surface dose was 0.12 mGy, corresponding to an
effective dosc cquivalent of about 0.02 mSv. For
lateral projections, an average entrance surface dose of
0.59 mGy (corresponding to an effective dose cqui-
valent of about 0.06 mSv) was calculated based on
pbantom measurements [H6].

85. A collaborative study in Sweden and the United
States [L6] found that the entrance surface air kerma
for posterior/anterior chest projections was 0.16 mGy
in Sweden and 0.14 mGy in the United States (all
Swedish facilitics and 75% of United States facilities
use scatter suppression, mostly grids and in a few
cases air gap). These similar average doses are the
result of quite different underlying conditions. Since
grids typically increase the dose by a factor of 2 or 3,
an even higher dose could have been expected in
Sweden. Slower screen/film systems in Sweden would
act in the same direction. On the other hand, in
Sweden, higher tube voitage, more appropriate total
filtration, the absence of single-phase units, over-
processing and a mandatory quality assurance pro-
gramme all act in the direction of lower doses. As a
rough approximation, the air kerma values divided by
0.75 correspond to entrance surface doses with back-
scatter. Using this approximation, the entrance surface
doses are 0.16 + 0.75 = 0.21 mGy in Sweden and 0.14
+ 0.75 = 0.19 mGy in the United States. Thus, they
are of the same order of magnitude as the doses in
Manitoba. As usual, there was considerable variation
around the averages. In Sweden, the air kerma values
ranged from 0.022 to 0.58 mGy, a 26-fold difference
[L6), while in the United States they ranged from
0.004 to 0.70 mGy, a 175-fold difference [R14].

86. Studies within the Nationwide Evaluation of
X-ray Trends (NEXT) programme of chest examina-
tions in United States hospitals in 1984 and private
practices in 1986 [R14] showed no overall difference
in doses (an entrance surface air kerma of 0.14 mGy
in both cases). Fewer private practices use scatter
suppression grids. For each technique (with or without
grid), doses were slightly higher in private practices.
One of the causes of higher doses may be that 41% of
the private practices, as opposed to 17% of the
hospitals, underprocessed their films.

87. In spite of low doses, cbest examinations con-
tribute 5,100 man Sv annually in the United States,
over 5% of the collective effective dose equivalent
from medical x-ray usage, reflecting the fact that this
is the most frequent type of x-ray examination apart
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from dental x-ray examinations [N1], Some countrics
conduct cxtensive chest screening programmes, oficn
with photofluoroscopy rather than radiography. For
conventional cquipment, photofluorography causcs
doses at Icast some five times higher than radiography
in chest cxaminations [U1], and depending on the type
of fluoroscopy, the duration ctc., it can cause doses 10
times higher [Ul].

88. Entrance surface doses in chest radiography have
been studied in Hunan Province, China (health-care
level 1) [Y1]. For photofluorography, the average
dose was 6.1 mGy, while for full-size image radio-
graphy, the dose was 0.6 mGy. The average cntrance
surface dose during fluoroscopy was 9.6 mGy.

4. Mammography

89. Mammography is used in two contexts: for
clinical examinations in order to investigate suspected
breast cancers and for the mass screening of healthy
women in order to detect such cancers. The preferred
dose quantity in mammography is the mean absorbed
dose in glandular tissue [I11, N14]. A summary of
recent results of dose studies in mammography in
countries of health-care level I is given in Table 16.
The average of mean glandular doses ranged from 0.6
to 4.8 mGy per film. Reported effective dose equi-
valents spanned an even wider range: results of the
UNSCEAR Survey of Medical Radiation Usage and
Exposures gave an average effective dose equivalent
of about 1 mSv and a range of 0.03-9.5 mSv. Since
mammography is probably subject to more quality
control and standardization than many other exam-
inations, at least in countries where there are
mammography screening programmes in effect [K16,
L10, N12, P15, T11, Z8], the degree of variation is
remarkable.

90. For a state-of-the-art screening programme,
1 mGy may be a representative breast dose (2-3 mGy
if an anti-scatier grid is used). The dose varies with
breast thickness [T20, W32] and composition [A15].
There are, as noted in the UNSCEAR 1988 Report
[U1], considerable performance variations between
systems, e.g, in Italy [C1] and the United States [K2,
P1]. Onc source of variation is lack of a quality assur-
ance programme. In the report from Italy cited in
Table 16 [R19], it is observed that with the criteria
used by the authors, 24% of the centres surveyed used
100 high a dose, 24% had a poor image quality and
14% had both high doses and poor images, illustrating
the potential for quality assurance. To meet this need,
the Commission of the European Communities has in-
troduced European guidelines for quality assurance in
mammography screening [C19]. In Washington State,
United States, 30%-70% of 131 mammography centres

were not in compliance with various quality assurance
recommendations [F7). This subject is further dis-
cussed in Section ILF.4. An important difference
exists between xcromammographic systems (typical
mean absorbed breast dose: 4 mGy) and screen/film
systems (typical valuec 1 mGy) [H42, L17, R18]. The
screen/film value is, in fact, an average of results
without anti-scatter grids (0.6 mGy) and with grids
(1.3 mGy); the latter, in turn, is an average of moving
grid (1.1 mGy) and stationary grid (1.5 mGy) [D17].

91. In astudy in Italy, low-dose plates pcrmitted the
surface air kerma to be reduced by 15%, to 4.4 mGy;
a further 15% reduction was possible with an in-
creased film-focus distance [C1]. In the United States,
15 new mammographic units of 8 different models
were tested, using identical screen/film combinations
with and without grids [K2]. The mean glandular dose
varied between 0.4 and 2.2 mGy with a grid, 0.4 and
2.1 mGy without a grid, at 28 kVp. In another study
in the United States, four different screen/film systems
were tested [P1). The mean glandular dose varied
from 0.6 to 3.2 mGy at 25 kVp and from 0.5 to
1.8 mGy at 30 kVp. Five different types of film were
tested in a study in the United States of the effects of
prolonged exposure, delayed processing and increased
film darkening [K21]. Each of these increased dose,
by 20%-30%, and optimal viewing density was
different for each film type. The Nationwide Evalua-
tion of X-ray Trends (NEXT) programme, also in the
Unjlcd States, observed average mean glandular doses
of 0.93 mGy in 1985 and 1.6 mGy in 1988 for
screen/film mammography [R12]. For xeromammo-
graphy, the values were 3.9 mGy in 1984 and
4.3 mGy in 1988. In 1985, 36% of facilities had an
unacceptable image quality, but by 1988 this
proportion had dropped to 13%.

5. Chiropractic examinations

92. X-ray examinations are also performed in con-
nection with chiropractic, ecither at the chiropractic
office or by a collaborating medical radiologist. The
main types of examination are cervical spine, thoracic
spinc and lumbar spine. In the province of Manitoba,
Canada, the entrance surface doses for these three
types of cxaminations were 0.6, 1.8 and 3.5 mGy,
respectively, corresponding to cffective dose equi-
valents of 0.03, 0.24 and 0.41 mSv pcr examination
and collective effective dose equivalents of 0.4, 0.8
and 6.2 man Sv for a population of 1 million [H8].
This averaged 0.22 mSv per patient and gave a per
caput cffeclive dose equivalent of 0.007 mSv. These
values agree closely with corresponding values for the
United States [N1] and indicate that chiropractic
examinations do not make a significant contribution to
cither individual or the collective radiation dose.
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93. Nevertheless, these averages do not reflect the
extent of the dose variation encountered among chiro-
practic offices. In the Manitoba study, the ratio of
maximum to minimum dosc was as great as 23 [H8].
This is similar in magnitude to the variations found in
medical diagnostic radiology [S23). In its responsc to
the UNSCEAR Survey of Medical Radiation Usage
and Exposures, the National Radiation Laboratory of
New Zealand pointed out that entrance surface doses
may be difficult to interpret, because chiropractors use
a complex system of planc and wedge filters and dia-
phragms to obtain cven irradiation of contrasting tissue
regions. According 1o the Laboratory, the filter and
diaphragm systems lead to doses lower than those ob-
tained in approximately equivalent medical procedures.

6. Neonatal and child examinations

94. The pattern of diagnostic examinations is such
that children may get higher doses than adults. For
instance, a study in the Netherlands reported the
highest doses per examined patient for persons under
age S years or between ages 25 and 50 years. The
recason was that the most frequent examinations were
abdomcn, lumbar spine, intravenous pyelogram and
computed tomography of the head, all of which cause
doses in the middle to upper range [V16]. Further-
more, the exposure conditions and field sizes must be
adapted, otherwise the cffective dose from exam-
inations of infants would be higher than that to an
adult. This also applics to high-dose procedures, such
as interventional cardiac catheterization, which is used
on infants with a varicty of congenital heart discases
[W16]. Phantoms [V11] and tables are available for
the determination of absorbed organ doses to children
in various x-ray examinations [T12]. With theoretical
methods, Zankl et al. [Z2, Z15] obtaincd organ doses
for an infant and a child for the most common radio-
graphic cxaminations and demonstrated the strong
dependence of organ doses on body size [V3]. Linds-
koug [L11] provided tables of suitable exposure
parameter scttings.

95. Fetal doses in computed tomography were
discussed above in Scction I1.C.2. Fetal absorbed
doses in Japan during screcning of the upper gastro-
intestinal tract ranged from 0.3 to 5.5 mGy [O2]. To
the cxtent that pelvimetry is performed by x rays
instcad of ultrasound, doses (including possible fetal
doscs) are decrcasing where computed tomography
scanners arc available, but not using their computed
tomography feature. Pelvimctry with Scan Projection
Tomography (a non-tomographic survey view with the
scanner) causes doses about one tenth of those with
conventional x rays [G9, W33].

96. For premature infants, chest examinations can be
medically very important. Weingirtner et al. [W2]

stressed the importance of suitable equipment and
careful paticnt referral for x-ray imaging for this
sensitive group of paticnts. Faulkner ct al. [F4] listed
various ways 1o reduce doscs per film but also pointed
out that nconates may be subjected to large numbers
of examinations during their stay in hospital. They
also mentioned that the average dose to the infant
paticnt is dctermined mainly by the number of
examinations, which depends on clinical symptoms. In
the UNSCEAR 1988 Report [U1], other examinations
of nconates (barium, computed tomography, angio-
cardiography) were discusscd.

97. Ruiz et al. [R22] studied entrance surface doses
to children of different age groups from frequent
simple examinations of the abdomen, hip and pelvis,
skull, spine and chest. The ranges of doses they
observed in the Madrid arca to children less than 1
year of age (AP projection) were 0.8-1.7 mGy (abdo-
men), 0.8-1.3 mGy (pelvis), 1.1-3.2 mGy (skull) and
0.1-0.5 mGy (chest). The variations observed, as well
as the fact that skull doses for some examinations
exceeded suggested reference values for adults [M38],
were said to demonstrate the need for quality assur-
ance programmes. Similar data collected from the
United Kingdom [C22] showed that some skull doses
exceeded the CEC reference dosc values.

98. A study covering 11 member States of the
European Community {S19], which considered typical
x-ray examinations performed on infants (abdomen,
skull, chest, spine, pelvis), showed large variations in
entrance surface doses, far greater than the known and
expected variations for corresponding examinations of
adults. The maximum entrance surface doses for the
abdomen, skull, chest and spine were almost 50 times
higber than the minimum doses, and for the pelvis, a
76-fold difference was found. The study had been
standardized on the size of the infant so that no
additional variation was introduced. It should be
possible to remove some of the dosc variation, which
would presumably lead 1o lower average doses to
infants in future x-ray examinations.

99. Most of the patients subjected to scoliosis
radiography are females between 10 and 16 years of
age, and many of them are cxamined repeatedly,
perbaps 20 times in all, for prolonged periods, so that
considerable doses result from the total course of
examinations. It is likely, however, that technical
improvements will reduce doses per examination. As
an cxample, the filtration systems common in
chiropractic practice can reduce doses 1o scoliosis
patients significanly |[A2]. Computed radiography
seems to rcduce doses by about an order of
magnitude, both with large-screen image intensifiers
[M5] and wilh photostimulable phosphor imaging
plates [K12, K22]. A disadvantage is that neither
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technique permits the entire cervical, thoracic and
lumbar spinc of a tall teenager to be shown on a
single image [M5, K22]. Onc study in Sweden found
that the effective dose cquivalent with state-of-the-art
tecchnique was 0.07 mSv for one examination. Other
techniques gave up to 10 times higher doses. Pub-
lished figures indicated that certain techniques could
give doses a further order of magnitude higher (H39].

100. Scveral authors have examined the utility of
filration in pacdiatric radiology. For abdominal
cxaminations of 10-year-old children, niobium
filration ncither impaired the image quality
substantially nor reduced doses significanty (J4]. Rare
carth (erbium, hafnium) filters have been received
with mixed reviews for paediatric radiology (and for
general radiology; they are discussed below with
respect to dental examinations). Although they do
permit dose reductions of 20%-25% with unimpaired
image quality, the cost is high [D12, S39, WI15].
Adams [A9] advocated rare carth filters but also
pointed out that a number of other items in a quality
assurance programme are at least as important. A
more advanced technical development, computed
radiography using photostimulable phosphor imaging
plates, permits dose reductions of 30%-50%, compared
to screen/film systems, in various examinations of
children, infants and premature babies [B24]. An
added benefit is that the findings can be highlighted
using image post-processing.

101. In computed tomography, paediatric body scans
using ceramic detectors allow 50% dose reductions
compared to xenon detectors, with a negligible
reduction of image quality [P17]. Naidich et al. [N9]
addressed the potential for low-dosc computed
tomography of children, comparing a 10 mA setting to
the more routine 140 mA (at 120 kVp) for lung
cxaminations. In spite of increased image noise and
loss of low-contrast detail, the low-dose examination
produced images of acceptabie quality.

D. DENTAL X-RAY
EXAMINATIONS

102. Although the effective dose to a patient from an
oral radiographic examination is low, the frequency of
examinations is bigh enough to warrant study of dose
distributions. Country-by-country frequencies of dental
examinations arc listed in Table 17, and the entrance
surface doses and effective doses or effective dose
equivalents per examination, mainly for intraoral films,
are listed in Table 18. Representative frequencies of
dental examination were estimated in the UNSCEAR
1988 Report [U1] to be 250 and 4 per 1,000 popula-
tion in countries of health-care levels I and I,
respectively. Since then many additional studies have

been performed, providing a wider basis for estimates.
The population-weighted average examination
frequency for countries of health-care levels I, 11 and
1T for 1985-1990 were, according to Table 17, 350,
2.5 and 1.7 per 1,000 population, respectively. Some
data were collected on age- and sex-distributions, but
these appcar too scattered to warrant formal analysis.
It is noted, however, that dental cxaminations of
children are rather frequent.

103. Inthe UNSCEAR 1988 Report [U1], the average
cffective dose equivalent for a procedurc involving
about two dental film exposures was estimated to be
0.03 mSv. The population-weighted average cffective
dose ecquivalent per examination for countries of
health-care level 1 in 1985-1990, calculated from the
data of Table 18, was about 0.03 mSv (the weighted
per caput effective dose equivalent is about 0.01 mSv).
For countries of health-care levels II-IV, the cffective
dose cquivalent per examination is probably much
higher; according 1o Table 18, the average dose per
cxamination was 0.2 mSv at level II (based mainly on
Brazil) and 0.32 mSv atlevel III (based on Myanmar).
These avecrages correspond, however, to per caput
effective dose equivalents of only 0.001 mSv at
Tevel II and 0.0003 mSv at level 111, due to the low
examination frequencies.

104, For dental x-ray cxaminations, the collective
effective dose equivalent in Sweden was estimated to
be 79 man Sv in 1984 [S1], while a similar estimate
for Finland in 1981-1985 was 15 man Sv [H2]. The
population of Sweden, 8.3 million in 1984, is twice
that of Finland. However, individual doses were
slighty higher in Finland. The results mainly reflect
differences in examination frequency; the examination
frequency in Sweden is rather high, 1.9 films per
inhabitant in 1986, duc to a national dental service
programme that provides relatively frequent exam-
inations.

105. In contrast, the dental x-ray collective cffective
dose cquivalent of 2,000 man Sv in France in 1984
[BS] cannot be explained just by the larger population
of France (54.9 million in 1984) or by the examination
frequency (0.5 films per inhabitant in 1984 [BS]).
Instead, the difference ariscs from the average doses
per cxamination, which are at least 2-3 times higher
than in the Nordic countries [BS]. Benedittini et al.
[B5] noted that the bitewing entrance surface air ker-
ma was halved in the United States between 1973 and
1981, and that the value of 6.9 mGy in France in 1984
was comparable to the value of 5.7 mGy in the United
States in 1973. According to the authors, an important
explanatory factor is that there is no nationwide
quality assurance programme for dental radiography in
France, while quality assurance programmes have been
implemented in the United States [BS).
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106. Doses duc to intraoral examinatlions span an
order of magnitude, with effective dose cquivalents for
a complete mouth examination ranging from 0.02 to
0.28 mSv, according to a survey in the Netherlands
[V2]. For rotational panoramic radiography of an adult
female, Gibbs ct al. cstimate the cffective dosc
cquivalent to be 0.01-0.03 mSv {G12)]. A later study
in the Netherlands [V10] found a fourfold difference
in average entrance surface doses for various bitewing
radiography techniques (2.5-9 mGy), and a 35-fold
range for individual measurements (0.9-31 mGy). A
review of recent studies in countries of hcalth-care
level I found effective dose equivalents for single
intraoral exposures from 0.001 to 0.05 mSv and for
panoramic exposures from 0.007 to 0.08 mSv [S33}.
A similar review [W30] that calculated eflective doses
using JCRP 1990 weighting factors found a range of
values for full-mouth examinations of 0.03-0.14 mSv,
average 0.08 mSv, and a range for panoramic
cxamination of 0.003-0.016 mSv, average 0.007 mSv.

107. With such small effective doses, treatment
courses involving several examinations over a longer
period will also cause relatively small doses. Sewerin
|S11] estimated the total effective dose equivalent to
a patient during a seven-year treatment with osseo-
integrated implants, with concomitant x-ray examina-
tions, to be about 1.7 mSv. The study assumed, how-
ever, that two-dimensional imaging is sufficient in
pre-operative examinations. Often, cross-scctional
information is requested, using computed tomography
of the skull, which gives doses that are higher by
several orders of magnitude [C10]. The extent to
which computed radiography is nceded in this situa-
tion is somewhat controversial [M36, §32], but given
its increasing availability, computed tomography will
presumably be used more often in the future. The
doses in computed tomography of the mouth region
can be higher than in conventional dental x-ray
examinations [K13, S55] and similar to those in other
compuled tomography examinations of the head and
neck.

108. The average organ doses encountered in various
dental x-ray examinations in France are summarized
in Table 19 [B5]. The doses were dctermined by
means of a phantom and are presented here because of
the detailed anatomical subdivision. A few doses are
in the range one to several milligray, but most are less
than 0.2 mGy. Absorbed doses to the thyroid and the
eye lens in a study in the United States [T13] were
quite similar to those in Table 19. According to an-
other study in France [P14], entrance surface doses
were about 15 mGy for intraoral films and about
10 mGy for panoramic examination. Since image
quality is slighly inferior with panoramic
examinations and since rectangular collimation,
lead-backed film and iead aprons are likely to reduce

the thyroid doscs from intraoral films [B26),
panoramic examinalion is not expected to supplant
intraoral films. Nonctheless, the frequency of
panoramic cxaminations merits study. In a number of
countrics, they arc used 10 scrcen orthodontal
anomalics in children [W19].

109. Computation and interpretation of the ceffective
dosc or cflective dosc equivalent are not entircly
straightforward for oral radiology [H38, S3). This was
particularly problematic before the ICRP recom-
mendations of 1990 [I18] were published, since most of
the organs cxposed belonged to the "remainder” group,
for which the ICRP 1977 recommendations [I1] pro-
vided only average wcighting factors. As an illustra-
tion, when the effective dosc cquivalent [11] was
calculated for a single bitewing film with 60-70 kVp
machincs in New Zealand, the result was 0.067 mSv.
When effective dose was calculated from the same
data according to the ICRP recommendations of 1990
{18], which provide specific weighting factors for
some additional organs, the result was only 0.005
mSv, about 7% of the former value [W12].

110. Maruyama [M31] obtained a similar result in
Japan: effective doses calculated with 1990 weighting
factors [18] were 53%-86% of the effective dose
equivalents calculated with 1977 [I1] weighting
factors. However, this calculation was quite sensitive
to whether the skin was considered a target organ. If
it was, the trend was reversed, and the effective doses
were about twice the effective dose equivalents [M31].
Velders et al. [V12] in the Netherlands obtained
bitewing cffective dose equivalents of 2-11 uSv for
various parametcr combinations and effective doses of
1-4 uSv.

111, Several reviews in the United Kingdom, the
United States and elsewhere summarize recent deve-
lopments in dental x-ray exposure reduction [B27,
H44, K3, K4, K25, T2, T3, T7]. For instance, in
panoramic radiography, exposures were reduced 34%-
79% with rare earth intensifying screens and hecavy
metal filtration, and image quality was the same or
better [K3, S10]. However, the advantages of rare
carth and other thin K-edge filters are not uncontested.
Byrne et al. [B25] in Canada found a surface air
kerma reduction for intraoral fiims of about 15% (as
opposed to the filter manufacturer’s claim of 40%),
but thyroid dose was actually increased. MacDonald-
Jankowski et al. in the United Kingdom confirmed the
surface air kerma reduction but notled the possible
disadvantages (unsharp images due to movement and
x-ray tube wear) of the associated prolongation of
exposure time [M35]. In a subsequent study [M42],
the authors concluded that while thin K-cdge filters
reduced entrance surface dose and, 1o a certain extent,
total dose to the head, orbital dose might be increased.
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112. White ct al. [W31] regarded niobium filtration,
with a 20%-30% dosc reduction, compatible with
acccptablic images on D-speed film. With faster (E-
speed) film, niobium filtration signilicantly degraded
the quality of the image. Other theorctical and
practical studics suggest the limitations of niobium
filtration 112, M21].

113, Exposure varics widcly with technique, also in
less frequenly performed examinations. Correctly
performed [B28], video fluorographic examination of
vclopharyngeal function causes one tenth of the dose
obtained with cincfluorography, which causes entrance
surface doscs in the 6-30 mGy range [I3].

E. WORLDWIDE EXPOSURES

114. The collective effective dose equivalent from
diagnostic medical x-ray examinations performed
worldwide is presented in Table 20. Estimates of the
frequencies of each cxamination and the average doses
have been combined to determine the coliective dose
for cach hcalth-care level and for the entire world. The
average frequencies of examinations given in Table 7
have been used to indicate the relative frequencies,
with the 1total corresponding to the population-
weighted average for all examinations (Table 8). The
data for level IV are insufficient for separate analysis
and are instead included with those of level III.

115. The average doses per examination were derived
from data in Table 10 and listed in Table 11. Where
estimates of dose were not available for level I
countries, they were assumed to be the same as for
level 1 countries. Morcover, for lack of data, the doses
in level] 1I1-1V are assumed to be the same as doses in
level II. The data for level Il are the population-
wecighted data reported for China and India, which
may be expecled to be representative. However, some
doses are Jess than the more widely based averages for
level I; recognizing that the values in level 11 are
unlikely to be lower than those in level I and in order
not to underestimate the collective dose, the higher
values (i.c. level I values) have been assumed also for
level II. This applies to examinations of the chest
(radiographic and fluoroscopic), extremities, skull,
abdomen and lower gastro-intestinal tract and to
urography.

116. The cstimate of the collective dose from all
diagnostic x-ray examinations performed in one year
on the world population of 1990 is 1,600,000 man Sv.
The corresponding estimatc in the UNSCEAR 1988
Report [Ul] was 1,760,000 man Sv. The difference
may well be no more than a sampling effecL The
results for level I are lite changed. The per caput
effective dose (and effective dose equivalent) is

0.9 mSv, comparcd to 1.0 mSv in the earlier analysis.
However, the value of 0.9 mSv includes data of 1980
for the Uniled States, which probably underestimate
the present examination frequency [M2]. For level 11,
the estimated per caput cffective dose has becn
reduced, from 0.2 mSv to 0.1 mSv. Few data had been
available for the ecarlier analysis, but the situation is
much improved now that data from both China and
India are available. For levels III and IV the previous
range of 0.03-0.07 mSv, again based on very few data,
has now becen set at 0.04 mSv. There is still uncer-
tainty in the collective doses from levels II-1V, but
their significance is less than that of level I, which
alone contributes 78% of the estimated worldwide
collective dose.

117. Previous unccrtainties regarding the use of
fluoroscopy in developing countries are lessened now
that data are available for China. While chest photo-
fluoroscopy is still a common cxamination, accounting
for 43% of all examinations in the country (Table 7),
the cffective dose per examination is now reported to
be 0.3 mSv (although 1.0 mSv has been used in Table
20), compared with 3.4 mSv reported previously [U1].
Assuming that the higher dose still prevails would
increase the estimated collective dose worldwide to
1,940,000 man Sv.

118. Specific examinations contribute to the total
collective dosc from diagnostic medical x-ray exam-
inations as shown in Table 21. The examinations are
listed in decreasing order of their contribution to the
worldwide collective dose. The most prominent contri-
butors in level I are upper gastro-intestinal tract,
computed tomography, chest mass miniature, spine
and lower gastro-intestinal tract. The doses are
relatively high for the examinations of the gastro-
intestinal tract, and together upper and lower gastro-
intestinal tract examinations contribute more than 30%
of the collective dose in level 1 and 19%-22% in
levels 1I-IV. The importance of chest fluoroscopy in
level II countries is apparent (it contributed 42% of
the total collective dose). The relative frequency of
this examination in levels 1II and IV was less than in
levels 1 and II, but it was also the highest contributor
to the total collective dose at this level. Other
examinations of the chest were important in level 11
(mass miniature) and levels III and IV (radiography).
Examinations of the abdomen and pelvis/hip were
morc important in levels 1I-1V than in level I, but
computed tomography contributed much less to. the
total collective dose at the lower health-care levels.

119. Doses from all diagnostic x-ray cxaminations
have been cvaluated in a number of countries. The
resulting effective dose  equivalents, provided in
responses to the UNSCEAR Survey of Medical Radia-
tion Usage and Exposurcs or available in published
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arc summarized in Table 22. In a few cascs, cffective
doscs or cffective dose equivalents for all cxamina-
tions were calculated from data provided for specific
examinations in Tables 7 and 10. Table 22 indicates
that the Jatest annual cffective dosc equivalent per
caput attributable to x-ray cxaminations in countrics of
health-care level I ranged from 0.3 1o 2.2 mSv,

120. The population-weighted per caput cffective dose
cquivalent in hcalth-care level 1 countrics, based on
Table 22, for 1980-1990 is 1 mSv. This is the samc
value as that given in the UNSCEAR 1988 Rcport
[U1] for available data reported for 1976-1984. The
data for Canada, Czcchoslovakia and the United States
in Table 22 arc for 1980. Updated values might have
increased the 1980-1990 average somewhat, especially
in view of the increasing trends in computed tomo-
graphy [M2]. Thus, the wcighted average for 1982-
1990 is 1.2 mSv. The unweighted average and median
values of data for level I reported in Table 22 are both
about 0.8 mSv. This agrees with the fact that relatively
high doses are reported from Japan and the former
USSR (RSFSR only), both of which have large
populations.

121. The reported estimates of effective dose or
cffective dosc ecquivalent from diagnostic medical
x-Tay examinations are less extensive for levels I1I-IV
than for level I. An overall range of 0.02-0.2 mSv is
evident from the data in Table 22. The values at the
lower end of the range were undcrestimated when
fluoroscopy was not included. The estimates at the
upper end of the range were made before 1980. It can
only be said that the estimates of coilective dose based
on the frequencies of examinations and average doscs
in Table 20 appear reasonable. The per caput doses in
that analysis were 0.1 mSv in level II and 0.04 mSv
in levels 1II-IV.

122. The cstimated annual per caput and collective
effective dose (equivalent) from diagnostic x-ray
examinations, taking results of the different sampling
methods used into account, are summarized in
Table 23. The collective dose totals are the values
rounded subsequent to calculation. The values for the
medical cxaminations for levels II-IV are those
determined in Table 20. The per caput effective doses
and the collective dose from dental examinations were
determined from average frequencics and doses cited
in Section II.D. These doses are less by a factor of
100 than those from medical cxaminations. The total
collective dose from diagnostic x-ray examinations
worldwide is just over 1.6 million man Sv.

F. TRENDS

123. It is anticipated that both the total number of
diagnostic x-ray examinations and the frequency of

cxaminations per unit  population will increase
worldwide for simple demographic rcasons, at least up
1o the year 2000 and probably to 2025 [U1). Therc arc
three main reasons for this expectation:

(a) population growth. Even if the rclative frequency
of cxaminations per unit population rcmained
constant, thc absolutc number of cxaminations
would grow by 60% from 1988 to 2025 as a
result of population increase;

(b) growing urbanization. In genceral, urban popu-
lations have more access to health care and a
much higher frequency of radiological examina-
lions than rural ones, and the percentage of the
urban population is expected to rise from 41% to
65% beiween 1988 and 2025

(c) agcing of the population, particularly in Europe.
Since the older population accounts for a
disproportionately high utilization of medical
radiation procedures, the ageing of populations
leads to increasing examination frequencies.
However, in Africa and Latin America, the
proportion of young persons will increase. Al-
though the frequency of examinations increases
as the population ages, an older population
would be less at risk for stochastic effects
because of the time periods required for their
induction.

124. In gencral terms, these factors governing
long-term trends in examination frequencies and doses
are likely to remain valid. For specific countries and
groups of countries, over a shorter period and for
specific examinations, trends may be more com-
plex and difficult to discern, analyse or forccast.

125. It was mentioned above that according to the
UNSCEAR Survey of Medical Radiation Usage and
Exposures, the total frequency of all x-ray exam-
inations at health-care level | increased from 810 per
1,000 population in the mid-1970s to 890 per 1,000
population in 1985-1990, representing a 4% increase
in the population-weighted avcrage per S-ycar period.
The unweighted average increased by 2% per S-year
period (not statistically significant). This obsecrvation
is supported by independent estimates that there
should be at lcast a slowing in the rate of increase of
frequencies in the future compared to the 1970s [S7,
S14]. The composition of the examination types
changes, however: there are, for example, fewer chest
examinations and more computed tomography in
recent years. R

126. Trends in individual countrics deviate from the
average. Increasing total (requencies of x-ray
examinations are evident in France (+18% per five-
year period), the Federal Republic of Germany
(+10%), Japan (+13%), Malta (+69%), United King-
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dom (+10%) and particularly in Cuba (+342%). Somc
differences may reflect changes in survey mcthods that
give morc complele results rather than real changes in
examination frequencies. Decreasing total frequencics
of examinations arc rcported in Finland (-10% per 5-
year period), Norway (-16%) and Romania (-16%).
The Nctherlands [B21, B22] and also the Russian
Fedcration show first increasing, then decreasing
trends, with peak cxamination frequencies in the carly
1980s. In Japan, the increase is duc chicfly to
radiographic examinations; the incrcased use of
fluoroscopy has been relatively moderate since 1970,
with a slight decline since 1987 [M32].

127. In countries of health-care levels II-1V, the
frequency of examinations appears to be increasing,
with a 1985-1990 population-weighted frequency of
about 100 per 1,000 population. Unweighted averages
increcased by some 25% per S-year period, and the
trend appears to be statistically significant. In the few
countries that could supply data for more than onc
time period, trends are less scattered than at health-
care level 1. Very clear increases occur in Ecuador and
in India. Decreasing examination frequencies were
reported for Brazil and Nicaragua.

128. Onc reason for slower rates of increase or slight
decreases in examination frequencies in countries of
health-care level I is that newer modalities, such as
magnetic resonance tomography, endoscopy and ultra-
sonography, are replacing some x-ray examinations.
X-ray examinations continue, however, to be the most
important imaging method, accounting for 79% of
diagnostic images in Europe in 1988 and a projected
77% in 1993 [H40]. Hill [H40] expects the rclative
usc of computed tomography and of nuclear medicine
examinations to remain constant, at 2% each. This
prediction appcars low for computed tomography
considering its rapid incrcase, which more than offsets
the decrease of other examinations in the United
Kingdom [S42], cven if a constant percentage may
mean an increased number in some countries. Finally,
Hill expects the share of ultrasound examinations to
increase from 17% to 19% and that of magnetic
resonance imaging to remain constant, at 1% [H40],
although the interpretation of these percentages is
bampcred by the omission of endoscopy.

129. Broadly, the UNSCEAR Survey of Medical
Radiation Usage and Exposures shows that doses per
cxamination arc decreasing for most procedures in
countrics of hcalth-care level 1 (not cnough infor-
mation is available from other countrics to draw
conclusions about trends). This gencralization is
supported by indcpendent reports from, for example,
Auslralia [H37), the Federal Republic of Germany
|G7), Japan [M4], Sweden [V4), the United States
[S6] and the USSR [S18]. The decrease from the

1930s 10 the 1980s may be by a factor of 5-15, and
that 1970 to 1980, by a factor of 1.5-3 [G7, H15,
V19].

130. The trends for specific procedures or countries
arc more complicated. Table 10 indicates decreasing
doscs per procedure in Australia, Finland and Sweden;
decreasing doses for gastro-intestinal tract imaging
(important, since they are at the upper end of the dose
range) but not for other examinations in Czecho-
slovakia; and no strong change in Romania. Trends in
computed tomography doscs cannot be discerned
dircctly from Table 10, but as was shown in Sec-
tion II.C.2, these doses are increasing, Hence, the total
dose for all x-ray examinations per cxamined patient
may be unchanged or only slighly decreased. This
agrees with the impression of doses per examined
patient in Table 11. The population-weighted annual
per caput cffective dose equivalent is 0.93 mSv for
1985-1990 from analyses of frequencies and doses
(Table 20) and 1.2 mSyv for 1982-1990 from available
estimates from countries (Table 22), indicating that
there has been no significant change for countries of
health-care level I from the estimate of 1 mSv given
in the UNSCEAR 1988 Rceport [U1],

131. The rapid development of more powerful yet
cheaper computers is revolutionizing all imaging
methods, with and without jonizing radiation. As an
example, data obtained in computed tomography (or
magnetic resonance tomography or nuclear medicine)
can now be assembled into three-dimensional pictures
that can casily be rotated by the analyst [F12, F13,
T17, W17]. This may permit lower doses per examina-
tion; with pelvic trauma, for example, a three-dimen-
sional examination obviates the need for plain radio-
graphs to supplement a computed tomographic exam-
ination [S9], climinating an average entrance surface
dosc of 23 mGy per examination. Thus, new informa-
tion is obtaincd, and more uses of these techniques
become possible.

132. The transition to digital systems in industrialized
countries is likely to continue. At present 15%-30% of
examinations arc digital [ B9, O3). Digital radiography
uses large image inlensifiers or photostimulable
phosphor imaging plates. Chest examinations using
digital techniques can produce substantial savings of
time and moncy for {ilm, chemicals and archiving
|K23]. While the quality of the image with a large
image intensificr is not as good as with full-size
imagcs'on film, the dilference can be smali enough to
be clinically negligible. If fluoroscopy is not used, an
image intensificr can reducc paticnt exposure lo one
third that of full-size images on film [K23, M16] or,
in situations such as peripheral angiography, to one
tenth [P21].
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133. Thealternative technology of imaging plates with
photostimulable phosphor [T10] seems 10 have been
morc widely adopted in Japan than large image inten-
sificr computed radiography. Worldwide, about 1,000
such systems had been installed by the end of 1991,
700 of them in Japan [B9]. This sysicm also permits
substantial dosc reductions, partly because it scparates
the two functions of dctection and display, which arc
combined in conventional radiographical film [W5].
For chest radiography, exposure was 20%-44% of the
standard cxposure with a screen/film combination
[R17, S24, S25] or even 15% in pacdiatric chest
imaging [K19]. In examinations of the upper gastro-
intestinal tract, cxposure was 32% of that with a
screen/film combination [S26]. For urethrocystography
the dose-area product was reduced from 13 mGy cm?
to 1.3 mGy cm? [Z9]. As the technology improves,
digital imaging is also becoming 3 mcthod of choice
in difficult situations like cardiac imaging [D15].

134. Digital computed radiography with imaging
plates not only gives a potential for lower doses per
image but also permits more sophisticated experiments
in dose reduction. Using stacked imaging plates, such
experiments can also be made in the course of actual
diagnosis on paticnts without undue exposure [R17].
However, persistent anecdotal evidence (see, e.g. [J5,
F8)) indicates that some of the dosc reduction per
image in computed radiography may be offset by a
tendency of radiologists to obtain more images per
paticnt than they would have done with conventional
screen/film systems. Also, while over- or under-
exposure shows up in conventional radiology as
incorrect blackening of the film, considerable over-
cxposure can go undetected in a digital system unless
exposure is specifically monitored [B9, W3].

135. The use of rare earth intensifying screens is one
of thc more important technical developments leading
to lower doses per examination. While such screens
arc by no means new, having been available since the
carly 1970s, they are not yet utilized in all relevant
situations. For instance, sample studics indicale that
fewer than 50% of the radiographic cxaminations in
the United Kingdom were carried out with rare earth
screens in 1986 [NS]. Other factors remaining con-
stant, a complete transition to rare earth screens would
reduce the collective effective dose from x-ray exam-
inations in the United Kingdom by 3,000 man Sv
[N5]. It scems highly Tikely that rare carth screens will
continue to be more widcly used, reducing the doses
per cxamination.

136. The ICRP recommendations of 1990 [18] suggest
that dose constraints or investigation levels should be
considered for some common diagnostic procedures.
While this is not to be construcd as advocaling the
introduction of limits for medical exposures, it is

likely that implementation [C16, N3] of the rccom-
mendations would truncate the upper end of the dose
range for many cxaminations. Since doses per exam-
ination vary by a factor of 10 or more, cven in a
single hospital [H37, O7], such a truncation could be
expecied to reduce average doscs.

137. National recommecndations arc also likely to lead
1o reduced doses. Screen/film speed is the overriding
causc of paticnt dosc variation in the United Kingdom,
and fluoroscopy time in gastro-intestinal tract exam-
inations is the second biggest cause [H33]. A United
Kingdom rcport [N5] gives detailed recommendations
for reducing patient doscs (a sccond report [N11] deals
specifically with computed tomography). It estimates
that about half of the current collective effective dose
to patients from x rays could be avoided. This con-
clusion is drawn in spite of the relatively low fre-
quency of examinations (about twice as many exam-
inations per caput are performed in France and the
United States).

138. Recommendations to restrict doses raise a
number of questions: more stringent referral criteria
arc a subject of some dispute [F1, K7, K8], the value
of access to old radiographs may be limited [O1] and
the benefits of rare carth filration are challenged.
However, since it has been suggested that in the
United Kingdom the collective cffective dose from
diagnostic x rays could be halved [N5], there is
probably a potential for similar dose reductions in
many countries. If this potential is realized, as it
probably will be in a number of countries, doses will
go down.

1. Specific x-ray examinations and techniques

139. Fluoroscopy and photofluorography usually cause
higher doses than screen/film radiography, particularly
with older cquipment, and are thus largely being
replaced in industrialized countries. It is less clear if|
or how quickly, this change will occur in devcloping
countries. There, the higher cost of screen/film
radiography is a morc important considcration than in
industrialized countries [T8). In Tunisia, where over
50% of the equipment is fluoroscopic, the technique is
thought to be cxcessively utilized [G16). The authors
judge that 60%-70% of the general practitioners
equipped with fluoroscopy use the examination only to
please paticnts, not for diagnostic advantage. Infor-
mation campaigns are under way o reducc the
demand for fluoroscopy.

140. In gencral, chest screening is becoming less
frequent. For conventional posterior/fanterior chest
examinations with full-size images on film, doses are
decreasing. In Manitoba, Canada, the avcrage entrance
surface dosc decrcased from 0.3 mGy in 1979 o0
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0.07-0.12 mGy in 1987 [H6, H24]. Some techniques
may give a higher dose to paticnts, however. The
difference in transmission between mediastinum and
lungs is 2 complication that can be allcviated with
shaped fillers or with image processing in computed
radiology. Altcrnatively, the problem can be cir-
cumvented by beam modulation, a technique that pro-
duces high image quality but with an increasc in dosc
of up 10 25% comparcd to air-gap screen/film systems
[A10]. Becam modulation may, however, obviate the
need for additional examinations, which could reduce
patient dosc for the cntire diagnostic procedure.
However, such specialized equipment is not expected
to be in widc usage in the near future.

141. The growing use of computed tomography has
been noted, with greater numbers of scanners and
higher frequencies of cxamination in countries of
health-care level 1 [C9, N5, S14]. In the United States,
computed tomography is the most frequently per-
formed x-ray examination in hospitals, accounting for
56% of the lotal cxaminations [G8]; including all otber
medical centres and practices, computed tomography
constitutes some 9% of all examinations [B10].
Furthermore, the number of slices imaged on each
paticnt has riscn as the time required to perform scans
and reconstruct images has decrcased: However, since
litle change has occurred in the dose required per
slice, the dose per examination is likely to have
increased substantially [NS]. Indeed, the average
effective dose cquivalent duc to a body scan at the
Mayo Clinic in the United States was 15.6 mSv
(range: 9-60 mSv) in 1988 [V8]; in 1980, the com-
parable figure for the United States was 1.1 mSv [N1].

142. About half of the computed tomographies in the
Nordic countries in 1987 were head examinations
[S14]. Computed tomography has largely replaced
encephalography and cerebral angiography that was
performed in cases of trauma, tumours or apoplectic
strokes. In these applications, magnetic resonance
lomographs may tend to replace computed tomo-
graphy, although the latter is expected to remain an
important tool, along with ultrasound, for abdominal
cxaminations. Likewise, computed tomography will
probably remain important in oncology, for therapy
planning and for follow-up examinations afltcr treat-
ments [S14). Judging from United Kingdom statistics,
computed tomograpby now contributes more than any
other single type of diagnostic procedure to the
collective dose from x-ray examinations (about 20%),
and the trend is still rising [S42, S43).

143. As indicated in the UNSCEAR 1988 Report
[U1], the number of skull x-ray examinations
increased significanUly between 1964 and 1980. The
more recent data in Tables 7 and 8 reflects mixed
trends, but a report from the United States [M18]
shows that several investigators suspected over-

utilization of skull radiography because of concerns of
possible malpractice suits. The attention drawn to this
may have ailtered this trend. Also, plain film skuil
cxaminations are increasingly being replaced by
computed tomography examinations.

144. The number of countries with mammography
screening programmes has been increasing [C6, M9,
R6, T1, V6]. While doses per cxamination are
reasonably low, with surface doses now in the range
of 1 mGy [V1], the impact of mammograpby screen-
ing on the collective dose is not ncgligible. For
instance, it is estimated that, when fully implemented,
a nationwide screening programme in Sweden will
increasc the collective effective dose equivalent due to
diagnostic x rays by about 5% [V4]. However,
because doses per examination are decreasing, the
collective dose docs not increase as fast as the number
of examinations. For instance, in Manitoba, Canada,
the number of examinations in a population of about
1 million increased from 4,800 in 1978 to 24,000 in
1988, i.e. about fivefold. The collective breast dose
has also increased, but at a much slower rate, from 40
man Gy in 1978 to 97 man Gy in 1988 [H31] (the
average breast dose decreased by 50% during that
period).

145. In dental radiology, the trend is very clearly
towards reduced doses per examination [G3, K4, S1].
Thus, the absorbed dose to the parotid glands for
common radiographic techniques decreased by one
order of magnitude for every 20-year period between
1920 and 1980 [B15]. This trend is expected to
continue, Goren ct al. [G3] reported a dose reduction
by half in the United States but noted that only 13%
of surveyed dental practices "used high-speed
class E films. According to them, if such films were
used at all dental practices, the dose would again be
halved. However, it must be noted that the slower
class D film is somctimes used owing to its higher
average film contrast [W12], Nevertheless, some dose
reduction atuibutable to the use of class E film is
expected. Other factors, such as reduced beam size,
are also expected to lcad to dose reductions. Digital
computed dental radiology exists, but apparently the
resolution and latitude are still inferior to that of
standard dental film [WI18]. The rclatively bulky
sensors may impede projections and the small image
arca hampers the evaluation of bone lesions and
neutralizes dose reductions because more vicws are
required [G20]. Thus, the technique is not expected to
spread rapidly in the near future.

2. Alternatives to x-ray examination

146. Conventional radiology still dominates clinical
radiology (over 80% of all examinations in the Nordic
countries are done using conventional methods), and
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no radical decrcase in the nced for conventional
radiology is expected [S14]. Nevertheless, in many
cascs, the information nceded clinically can be
obtained in more than onc way. Besides diagnostic
X-ray cxamination, there may be methods in nuclcar
mcdicine, or cndoscopy, ultrasonography, magnctic
resonance tomography or other alternatives. Of thesc,
ultrasonography is the most rapidly growing imaging
modality, with sales of cquipment growing 20% annu-
ally, an cstimated 60,000-90,000 units in operation
worldwide and some 60-90 million examinations
annually [M8]. This corresponds to 4%-6% of the
1,600 million x-ray examinations performed annually
worldwide. To some extent, x-ray examinations
causing high individual doscs are being replaced. For
instance, magnctic resonance tomography, or some-
times transcranial-Doppler sonography, may be sub-
stituted for cranial angiography [R8].

147. An examplc of a diagnostic situation where nuc-
lear medicine is an alternative to x rays is provided by
non-cutancous melanomas. A study in Italy indicated
that radioimmunoscinli%raphy, using monoclonal anti-
bodies labelled with 'In or ®™Tc, bad a signifi-
candy higher diagnostic sensitivity than conventional
x-ray cxaminations [C9]. The investigators plan to
compare radiation doses and to perform cost-benefit
analyses.

148. The increasing use of alternative methods is not
always accompanied by a corresponding decrease in
conventional x-ray usage. The usc of diagnostic ultra-
sound during pregnancy more than doubled in the
United States between 1980 and 1987 [CS). Prenatal
X-ray examinations arc rare, but considering that
radiation cxposure of the fctus can now be avoided, it
might have been expected that they would be cven
rarer instcad of having remained about the same
during the period. A possible explanation is that the
use of x rays is rclated to the number of Caesarcan
sections, since pelvic x-ray examinations are still used
1o assess the need for such delivery [CS]. Trends in
obstetric radiography are discussed further in the
following Scction.

149. In contrast, urography docs scem to indicale
decreasing use of x rays as there is increasing access
to ultrasound. The frequency of x-ray urography
examinations was 16.8 per 1,000 inhabitants in Italy in
1978 and 10.5 per 1,000 in 1988 [C9]. Doses per
examination in Italy werc 7.1 mSv in 1983 and 4.8
mSv in 1988, corresponding to per caput doses of 0.09
and 0.05 mSv, respectively |C9]. It should be noted
that not only ultrasound but also more sensitive
screen/film combinations and fewer films per exam-
ination contribute to the decreasing doses per caput
]C9]. Furthermore, computed tomography is also
replacing urography, and an important reason for the

decrease in the number of urographics is that indica-
tions, c.g. for calculus checking, have changed [S14].
Somec contrast urography has been replaced by scinti-
graphy and other mcethods in nuclear medicine, which
usually impart effective doses that arc an order of
magnitude or so lower [N10, W21].

150. According to the samc report [S14], urcthro-
cystography and hysterosalpingography have also
decrcased, at least in the Nordic countries in the
1980s. In Sweden, the number of cholecystographics
decrcased by about 70% after 1975, 10 some 2.4 per
1,000 inhabitants in 1987 (a 72% dccrease from
1970-1974 to 5 per 1,000 in 1985-1989). This de-
crease was due to the rcplacement of cholecysto-
graphy with ultrasonography. The other Nordic coun-
tries have even lower current frequencies of chole-
cystography: a frequency of 0.4 per 1,000 inhabitants
was rceported for Norway in 1988.

151. Some trends in x-ray diagnostics, ultrasono-
graphy and endoscopy have been investigated in the
Federal Republic of Germany [K9]. For abdominal or
total body (paediatric) examinations, there were
marked decreases (30%-60%) during 1978-1984 in
x-ray diagnostic examinations in hospitals and cor-
responding increases ifi sonographic examinations.
Abdominal x-ray examinations also decreased by
about 60%, while endoscopy increased (mainly gastro-
scopy, but also some coloscopy). During a similar
period, 1981-1984, the frequency of abdominal x-ray
examinations made by radiologists in private practice
(who rarcly use sonography) increased, but by the
relatively small amount of about 20% [K9]. It was
also found that orthopaedic practitioners in the Federal
Republic of Germany werc increasingly favouring
sonography for screening and follow-up examinations
of hip joint diseases in infants [K9]. Before the
introduction of hip joint sonography, 1.45 x-ray
exposures were taken per examined infant; in 1984;
after the introduction of sonography, 0.95 x-ray
exposures per infant were taken. In the United States,
the number of ultra-sonographic cxaminations in
radiology departments of hospitals increased from 3.5
million in 1980 to 12.1 million in 1990 [M2]. During
the same period, the number of x-ray examinations
also increased from 114 million in 1980 to 181 million
in 1990.

152. Endoscopy not only complements but to a large
extent replaces x-ray. examination of the gastro-
intestinal tract, as was obscrved in the Nctherlands
[G15]. In Sweden the number of x-ray examinations
of the stomach also dccrcased, from 187,000 in 1975
1o 33,000 in 1987, and will presumably decrcase
further, as endoscopy is now available at almost all
Swedish hospitals [S14]. In contrast, colon exam-
inations remained relatively constant over the period,
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partly because coloscopy is more painful for the
paticnt and more difficult to manage. These trends
may not be universal, even in countries of health-care
level 1 (see Table 7).

153. The number of magnetic resonance tomographs
has almost doubled cach ycar in the United States
[S5]. According to one cstimate, which is almost cer-
tainly too low, the total number of units in operation
worldwide was about 1,200 in 1989, with 800 of these
in the United States, 150 in Japan, 60 in the Federal
Republic of Germany, 30 in France, 30 in Italy, 24 in
the United Kingdom and 40 in other countries [B11].
Another cstimate, based on interviews with all
suppliers of such tomographs, indicated that about
3,500 units were in opcration worldwide in January
1990. Of these, about 1,800 were in the United States
and 550 in Japan. About 375 units were mobile [S12].
With regard to the examination profile, 48% of the
magnetic resonance tomographies in Sweden in 1989
involved the brain and 36% the back [S12]. Other
applications included studics of the abdomen, joints
and limbs. Recently, magnetic resonance mammo-
graphy has also become available [K5].

154. In spite of this development, computed
tomographs using x rays also continue to increase.
Smathers [S6] believes that magnetic resonance tomo-
graphy will largely supplant computed tomography.
Equally, it can be postulated that, instead of decreas-
ing, as Smathers believes, computed tomography will
continue to increase and eventually reach a plateau. In
fact, the usc of computed tomography of the skull has
been increasing at such a pace in several countries that
the use of magnetic resonance tomography of the skull
bas been decreasing. This particular trend is not
expected to continue for long, since if it did, mcasures
would be presumably taken to limit the possible
overuse of computed tomography.

3. Particular patient groups

155. Trends in obstetric radiograpby are a source of
particular concern because of the risks to the irradiated
fetus. It has been suggested thal the abdominal irra-
diation of pregnant women has been virtually replaced
by other diagnostic techniques [M6). This notion is
supported 1o some degree by a Swedish study, which
shows that the number of x-ray examinations during
pregnancy in 1987 was 38% of the number in 1975
[S14}. In the United Kingdom the number of x-ray
cxaminations during pregnancy did not seem to be
lower in 1970-1981 than in 1950-1959 or 1960-1969
[G6], but the number of films per examination did
decrease, and the timing of x-ray examinations shifted
towards late pregnancy with practically no first
trimester cxposures after 1972. Gilman et al. [G6]

estimated that 12% of all pregnant women in the
United Kingdom had been examined with x rays in
1976-1981. An indcpendent study by the National
Radiological Protcction Board (NRPB) [K14] gave an
cstimate of 4.2% in 1977. The difference may be due
in part to the NRPB estimate being low and in part to
a statistical uncertainty of the Gilman estimate [K14].
According to Gilman ct al. [G6], the withdrawal of the
so-called "10-day rule” of ICRP [I9] may lcad to an
increasc in the frequency of x-ray examinations of
pregnant women.

156. From time to time concern is expressed about the
unduc medical exposure of children [D9]. It may be
expected that various radiation protection recommen-
dations will be introduced in response to such concern;
as a result, the rate of increase of examinations of
children may be restrained in the future. The pattern
may be more complex in devcloping countries: as
shown in Table 9, the fraction of examinations per-
formed on children is larger in developing countries
than in industrialized countries (an exception are
hip/femur examinations, which are performed on a
higher fraction of children in level I countries than in
countrics of levels 11-1V).

157. In most cases, while a smaller fraction of the
paticnis at health-care level I are children, the fre-
quency of examination of children is still greater than
at other health-carc levels because the total x-ray
examination frequency is high. However, because
chest fluoroscopy is frequent at all health-care levels
and because there is a higher fraction of children
among patients at lower health-care levels, the fre-
quency of examination for children under 16 is about
2, 12 and 4 per 1,000 population at levels I, II and III,
respectively. It was mentioned in Section II.B that the
higher fraction of children among patients in levels II
and III countries is probably due partly to the demo-
graphic structure in developing countries, where a
greater part of the population consists of children.
Since the frequencies of examinations are generally
increasing in developing countries, the frequency of
examinations of children can also be expected to
increase.

158. A somcwhat different kind of exposure occurs if
x-ray examinations are performed intentionally on
persons who are not really patients. For instance,
healthy persons may be subjected to examination in
conncction with employment or for insurance pur-
poses. Thus, an estimated 1 million pre-employment
lumbar spinal x-ray examinations were performed in
the United States in 1978 [M17), corresponding to 4.4
examinations per 1,000 population. Due to their
dubious predictive value [M17], these examinations
are being eliminated in several countries, albeit at
differing rates. There were 140,000 employment-
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rclated x-ray examinations in the United Kingdom in
1983 [W9], representing as many as 2.5 per 1,000
population. These examinations (mostly of the chest)
causcd a collective cffective dosc cquivalent of about

5 man Sv, corresponding to a per capul dosc of about
0.1 uSv.

159. In connecction with the increased incidence of
ostcoporotic f{ractures among clderly persons, bone
densitometry has become an important tool for
measuring bone mincral content, especially in
industrialized countrics. There are two types of bone
absorptiometers besides computed tomography: single
phboton absorptiometry (SPA) and dual photon absorp-
tiomctry (DPA). SPA is mainly used for cortical bone,
DPA mainly for cancellous bone. Formerly, 133Gd was
used as a photon source, but more recent equipment is
based on x rays [W13] or 1251, The entrance surface
dose sustained by the patient in an examination of this
type is about 0.02-0.05 mGy for x-ray equipment
[K15, H41], corresponding to an effective dose equi-
valent of about 0.8 uSv, and 0.01-0.18 mGy for 133G4
cquipment, with the lower doses in more recent tests
[S27]. Computed tomography can also be used, but the
cffective dose equivalents may be up to three orders of
magnitude greater [K15].

160. The Commiltee is aware that small subsets of the
population of paticnts are subjected to repeated exam-
inations to an extent that allows substantially higher
doses than average. It has, however, proved difficult
10 obtain data illustrating the full extent of this
variation. A well-known study of breast cancer inci-
dence in tuberculosis paticnts in Massachusetts in-
volved 2,573 women who had been examined by x-ray
fluoroscopy on average 88 times, with an average of
the mean absorbed dose to the breast of 790 mGy
[B30]. However, it is believed thbat this study is not
representative of current conditions. It might be
expected that many of the paticnts concerned were old,
meaning that the potential for expression of late
effects of radiation shouid be limited. However,
scoliosis paticnts are routincly subjected 1o periodic
cxaminations in childhood [D10]. Some premature
babics may be subjected to rcpeated chest x-ray
cxaminations. Preston-Martin ct al. [P18] assert that
patients with parotid gland tumours had expericnced a
greater amount of prior radiography (mosuy dental)
than controls.

161. In thcory, it should be possible 1o compile
further statistics on multiple examinations in countrics
such as Germany, where a document is available to
patients on request for the recording of radiological
procedures (Rontgenpaf). In reality, few palients seem
to avail themselves of this opportunity [B31], so the
information to be had may be limited. A study at
major hospitals in Niirberg and Munich indicated that

of thosc paticnts undergoing x-ray cxaminations,
which was two thirds of all admitted paticnts, about
52% had 4 or more films taken, including 12% with
more than 20 films and 1% with morc than 100 {ilms
{S16). The county council of Stockholm, Sweden,
keeps a computerized record of all patients, based on
social sccurity number [B37]. The record shows that
no morc than nine paticnts, i.c. 0.001% of the popula-
tion concemed, had 14 or more cxaminations in 20
years. In the United Kingdom, about 1% of the popu-
lation accumulated a lifetime effective dose equivalent
duc 10 diagnostic x rays of more than 100 mSv {H15].
The maximum dose encountered in the study was
about 200 mSv. Most of the patients with the highest
doscs had no more than 10-15 examinations, albcit
almost always they included several examinations of
the lowcer gastro-intestinal tract and urographic exam-
inations. In a Canadian case study [R5], a 60-ycar-old
male had 29 different examinations between 1957 and
1983, apparently resulting in an effective dosc
equivalent of 283 mSv, 41% of which came from
fluoroscopy.

4. Effects of quality assurance programmes

162. The technical and physical parameters involved
in quality assurance are discussed at length in a British
Institute of Radiology Report [M7]. Standardized
mcthods, guides, training and involvement of manu-
facturers must be implemented in quality assurance.
The standards adopted in several countrics for dia-
gnostic x-ray cxaminations describc indications and
contraindications for proccdures, patient preparation,
contrast agent, positioning, technical parameters (e.g.
voltage, grid, screcns), number of views, other pos-
sible examinations and special regulations for radiation
protection. A complementary rcport on the optimiza-
tion of image quality and patient exposurc [M19] puts
quality assurance in diagnostic radiology in a wider
perspective (sce also [G19]). A report from the United
States [N3] discusses quality assurance for all types of
diagnostic imaging cquipment. Numerous authors
stress the importance of patient dose surveys in
auditing the optimization process, so that not only
theoretical output from technical parameters but also
actual results are assessed {B9, F2, N5, N11, V9).

163. Quality assurance programmes for x-ray
diagnostics were begun in the United States in the
early 1970s and bccame firmly established in 1980,
when federal recommendations were made [B33].
Their success is easily explained: they have led to
both economic savings and dose reductions [B34, P5].
Nonetheless, such programmes are likely to gain still
wider acceptance in the future, as evidenced by a
survey of over 2,000 automatic film processors in the
United States, which revealed underprocessing in 9%
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of mammography facilitics, 33% of hospitals and 42%
of private practices [S53]. In dental radiology in the
United States, quality assurance programmes became
generally accepted more recently: about 80% of the
dental hygiene programmes surveyed had some sort of
programme in 1990, as opposed to about 50% in 1985
{F10]. Quality assurance programmes arc likely to
become cstablished all over the world (see, c.g. [P4]).
In fact, the cost reductions attainable should make
quality assurance even more attractive in devcloping
countrics [B9].

164. The introduction of quality assurance is cxpected
to dccrease doscs per examination worldwide, as it
results in lower doses per projection, fewer retakes
and fewcer unnecessary cxaminations [G18, N5 ). Miku-
Sovd et al. [M39] attributed 15-18-fold variation in
cntrance surface doses in gastro-intestinal tract exam-
inations to the lack of a qualily assurance programme
and calculated that effective doses in such cxamina-
lions can be reduced 70% or more. They stated that
their results showed the need of a quality assurance
programme in Czechoslovakia.

165. It is difficult to predict the pace at which quality
assurance will be introduced in different countries.
Data from the UNSCEAR Survey of Medical Radia-
tion Usage and Exposures are summarized in Table
24. It appears that quality assurance is relatively well
cstablished for x-ray diagnostics, even in developing
countries (although a few responses from countries of
health-care level I mention a reluctance to accept
quality assurance). Note that in Canada and in the
United States, while therc are only recommendations
al the national level, there arc provincial or state
regulations that are legally binding.

166. Some obscrvations on the effect of quality
assurance can be quoted. In the United States, per
caput doses in dental radiograpby are decreasing. In
Spain, quality assurance programmes are being started
in collaboration with the Commission of European
Communities, which has adopted [M22, M38] the
reference  dose levels originally suggested by
Shrimpton et al. [S38] and chosen as guidclines in the
United Kingdom [NS5). Before quality assurance was
implemented, entrance doses were up to five times
higher than these maximum values, but with quality
assurance at least some of the causes of higher doses
could immediatcly be successfully corrected [C9,
V18]. For lower gastro-intestinal tract examinations in
the Madrid arca, effective dose equivalents at one
centre were 0.8 * 0.1 mSv, while they ranged from
5.5 2 1.0t 14.1 * 2.2 mSv at four others [C13]. The
authors concluded that quality assurance programmes
should yicld significant dose reductions. In Sweden,
mandatory quality assurance requircments were
introduced in 1981 and are an important explanatory
factor behind dose reductions {G19].

167. Scveral quality assurance programmes of varying
scope arc in effect in European countrics and else-
where B35, DS, E4, G19, H21, L4, V15, W4]. For a
discussion of patient exposure criteria in the Europcan
Communily, see [H46, M38, W20]. The Commission
of thc Europecan Communitics has prepared two
documents to provide guidance for optimization of
image quality and patient dosc in adult and paediatric
radiology [C3, C17]. Organ doses under optimal
exposure conditions are available for examinations of
adults [P7]. As shown in Denmark [H12] with respect
to fluoroscopic systems, such programmes need not
dcpend on the availability of health physicists;
provided a suitable test protocol is devised, radio-
graphers on site can perform very uscful quality
assurance. A study by the European Federation of
Mecdical Physicists [C4] tabulated the occurrence in 20
European countries of assessment protocols (17
countries had from 5 to 13 protocols for equipment,
16 countries had from 2 to 10 protocols for image
quality), of routine qualily assurance procedures (6
countries required quality assurance procedures at
regular intervals, 12 others required such procedures
occasionally or at least on installation); and of auxi-
liary equipment checks; and it recorded the implemen-
tation of various recommendations.

168. Reject and repeat rates, which reflect the quality
of radiographs, have been reported by many groups
but rarely from developing countrics. Bassey et al.
[B32] provide an analysis from Nigeria (health-care
level IIT since 1980). At first, the repeat rate was
12.4%. As a result of increasing awareness and
corrective actions in response 1o the project, the repeat
rate dropped rapidly, 10 an average of 2.5% (average
for the entire year analysed: 3.7%). The authors noted
that a formal quality assurance programme would
reduce repeat rates and exposures further. As such,
these repeat rates were not particularly high, in fact,
3.7% is low compared to the United Kingdom [NS].
But, as the authors say, criteria for repeating may
differ, and films of marginal quality may have been
accepted in Nigeria for economic or practical
reasons [B32].

169. Quality assurance can certainly be applied not
only in hospitals but also in general medical practice,
although general practitioners may be less aware of
quality assurance mcthods. In New Zealand, a study
using an anthropomorphic ankle phantom examined by
22 general practitioners resulted in 2 fully acceptable
sets of radiographs, 8 dcficient sets and 12 rejected
scts, 4 of which were completely undiagnostic [LS).
Nevertheless, the authors were not overly concerned,
since the range and number of radiographic procedures
performed in general practice is small and presents
very litlle radiation hazard to patients and stafTf.




ANNEX C: MEDICAL RADIATION EXPOSURES 249

G. SUMMARY

170. For countrics of hcalth-carc level I, the popu-
lation-weighted average annual frequency of diagnostic
X-ray examinations in 1985-1990 was 890 per 1,000
population, rather similar to the cstimate in the
UNSCEAR 1988 Report [U1] of 800 per 1,000 popu-
lation. Examination frequencies in individual countrics
of hcalth-care level I ranged from 320 to 1,290 per
1,000 population, and both increasing and decreasing
national trends are evident. For health-care levels [1-
IV, data are less comprehensive, but at a first
approximation the average frequency is 120 examina-
tions per 1,000 population at level Il and 64 per 1,000
population for levels III and 1V combined. While the
total x-ray examination frequency scems to be rela-
tively constant at health-carc level I, indications are
that the frequencies of examinations are increasing at
levels II-1V. During the 1980s, some 60% of all exam-
inations were of the chest, 15% of the extremitics,
10% of other skelcton and 10% of the digestive
system. The pattern of examinations varics with time
and with hcalth-care level.

171. Broadly speaking, the total examination frequen-
cies are expected to continue to increase at all health
care levels, There are two main rcasons for this: the
increasing proportion of older people in populations
and increasing urbanization. The increasing availability
of alternative modalities, in particular ultrasound, may,
however, limit somewhat the rate of increase. Paticnts
subjected to x-ray cxamination are, on average, older
than random!ly chosen members of the public. None-
theless, many cxaminations arc rather frequently
performed on children under 16 years of age. With the
exception of bip/femur examinations, a greater fraction
of examined patients are children in countries of
health-care level II and III, perbaps because those
countries have younger populations. However, exam-
ination frequencies exceed those of health-care level |
only in the case of chest fluoroscopy.

172. The doses to patients from diagnostic x-ray
examinations vary widely. In centain cardiac pro-
cedures, entrance surface doses of several gray occur.
High doses are delivered in fluoroscopy with conven-
tional equipment. This does not mcan that fluoroscopy
is an unfavourable procedure, cven from the restricted
view of dose limitation, since with modermn image
intensificrs low doses can be achieved. Fluoroscopy
during extracorporeal lithotripsy causes smaller doses
than those encountcred in conventional renal stone
extraction. Computed tomography is being used more
frequently, and cffective doses (at prescnl averaging
about 5 mSv per examination) are increasing. Chest
x-ray doses are decreasing, with effective doses per
examination now often under 0.1 mSv, but the vast
number performed still causes chest examination to

contribute scveral tens of per cent of the collective
cffective dose. Mammography examinations now give
low absorbed doscs 1o breasts, often under 1 mGy, but
extended screening programmes, commonly aimed at
all women over age 40 ycars, could add secveral per
cent to collective doses. Dental x rays often cniail
cffective doses less than 0.1 mSv per examination but
affect large groups, and thus add a per cent or so to
the collective dose. Chiropractic x-ray examinations
causc low doses per examination and affect few
people. Children are a particularly scnsitive group.
Chest examination of neonatcs and scoliosis testing of
teenage girls were mentioned as problem areas.

173. Pcr caput annual effective dose equivalents from
the diagnostic use of x rays reported from a number of
countrics of health-care level I ranged from 0.3 10
2.2 mSv. For countries of hecalth-care level I, the
population-weighted average of values from 1982 to
1990 is 1.2 mSv. The estimate of per caput dose from
analysis of population-weighted frequencics and doses
of examinations is 0.9 mSv, which is little different
from the estimate of 1.0 mSv given in the UNSCEAR
1988 Report. For countries of hcalth-care level 1I,
which have a population of 2.6 billion, information is
still limited, yet more complete than for the
UNSCEAR 1988 Rcport [Ul]. The estimated per
caput cffective dose equivalent is 0.1 mSv (1988 esti-
mate: 0.2-1.0 mSv). Doses at health-care levels Il and
IV (0.04 mSv) are more uncertain, but they do not
much affect the worldwide average due to the low
examination frequencies.

174. These overall trends are derived from non-homo-
geneous data. Both examination frequencies and
patient doses vary rather widely, between neighbouring
countries and even within countries. Also, similar total
examination frequencies or total effective doses may
be composed in different ways in different countries.
Particular importance is attached to the trends for
computed tomography, which is characterized by in-
creasing examination frequency as well as increasing
doses. Quality assurance programmes have amply de-
monstrated that dosc variation can be decrcased and
unnecessary exposure reduced,

175. The estimates of average individual and collec-
tive doses 10 the world population from diagnostic
medical x-ray examinations (0.3 mSv and 1.6 million
man Sv) are at the lower end of the ranges suggested
in the UNSCEAR 1988 Report [U1] (0.35-1.0 mSv
and 1.8-5 million man Sv). There is, at present, some-
what less uncertainty about the frequencics and doscs
from fluoroscopy examination in countries of health-
care levels II-IV. The doses from dental x-ray exami-
nations are less than those from medical x-ray exami-
nations by two orders of magnitude.
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I1I. DIAGNOSTIC USE OF RADIOPHARMACEUTICALS

176. The rapid pace of change in nuclear medicine
makes assessment difficult, but a few trends can be
identified. Of the many diffcrent radionuclides used in
nuclear medicine examinations, ™Tc and I are the
most important. As a rule, the dosc per procedure is
less for 7”™Tc, which has a shorter half-life, so it is
preferred and uscd in the majority of cases. Even so,
the usage of Blpjs great cnough to make an important
nominal contribution to the collective dose. In 1986,
for example, only 13% of all nuclear medicinc
cxaminations in Swcden cmployed 131I, but it
contributed 51% of the collective dose of 420 man Sv
[V4]. By comparison, 56% of the cxaminations in
1971 werc made with 1311, which contributed 92% of
the collective dose of 520 man Sv. In the USSR, 77%
of all examinations in 1981 utilized '*' [N4]. The
most commonly used radionuclide in devcloping
countries is l311, and this is the main recason the
average cffective dose per cxamination is higher in
these countries than in industrialized countries.

A. FREQUENCIES OF EXAMINATIONS

177. The frequencies of diagnostic nuclear medicine
cxaminations performed in countries are listed in
Table 25 (total frequency) and Table 26 (frequency of
the main types of examinations). The resulls are
mainly from the UNSCEAR Survey of Medical Radia-
tion Usage and Exposurcs, supplemented with
published data. As a first approximation, the total
frequency of all nuclecar medicine cxaminations is
about 16 per 1,000 population in countrics of health-
care level I, 0.5 per 1,000 population in countrics at
level 11, 0.3 per 1,000 population at level 111, and 0.1
per 1,000 population at level IV. The number of
countries at levels III and IV reporting information is
much too small to be considcred represcntative. The
distributions of available data for 1985-1990 are illu-
strated in Figure V.

178. Generally higher examination frequencies (20-40
per 1,000 population) arc reported for Belgium,
Czechoslovakia, the Federal Republic of Germany,
Luxembourg and the United States. The reasons for
the higher frequency seem to differ: there are many
liver/splecn and renal examinations in Czechoslovakia;
many bone examinations, lung perfusions and thyroid
scans in the Federal Republic of Germany; many
cardiovascular examinations and lung perfusions in the
United States; and all cxaminations are more frequent
in Belgium and Luxembourg. Although the 1otal
nuclear medicine examination frequency in Canada (13
examinations per 1,000 population) is typical of

health-care level 1 countries, there arc about 10 times
as many brain examinations (4 per 1,000 population)
as the average for hcalth-care level I (0.4 per 1,000
population). In some countrics, all practitioners are
permitted to use radiopharmaccuticals, while in many
other countries, they are available only in hospitals or
clinics.

179. In nuclear medicine, not only the total exam-
ination frequencies but also the patterns of examina-
tions appear to differ more than the frequencies and
patterns of x-ray examinations. Averages for the main
kinds of cxamination at different health-care levels are
given in Table 27 and illustrated in Figure VI, which
shows that bone and cardiovascular examinations are
the most frequent. However, these averages may con-
ceal widely differing practices. Some such differences
are discussed below. Three types of average measure
are given in Table 27: the population-weighted
average, the unwecighted average with its standard
deviation, and median values. Of these, the population-
weighted averages arc the most relevant for purposes
of collective dose cstimation, while unweighted aver-
ages and medians may be of interest when individual
countries are compared to others.

180. Huda et al. [H17] point out differences between
North American and European countries: PmTe is
used more frequently in Manitoba, in Canada, and in
the United States. Examinations of the brain are less
frequent in Europe than in North America, and
cardiovascular examinations are somewhat less
frequent. Within Europe there are no differences in
examination frequencics between Sweden and the
Federal Republic of Germany [H18, K10). However,
the use of ®™Tc is as common in the Federal
Republic of Germany as in North America but not as
common in Sweden. There could, of course, be local
deviations from this pattern within North America.
The data for the United States are averaged over a
large number of states; the data for Manitoba and
Nova Scotia quoted in the text and Tables refer to
only small parts of Canada, so that the extrapolations
made from thesc must be regarded as tentative
approximations.

181. Intra-regional differences in examination patierns
may occur cven where nuclear medicine bas a similar
total radiological impact. For instance, the Netherlands
and Swedcen are similar in many respects, and the im-
pact of diagnostic nuclear medicine is similar in the
two countries. Nevertheless, there are several impor-
tant differences between the two countries [B3, V4.
Thus, while the use of P™Tc is similar (used in 65%
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of cxaminations in the Netherlands and 63% in
Sweden), much more 1231 and much less 131 arc uscd
in the Nctherlands than in Sweden (in 10.1% and
3.0% of examinations in the Netherlands comparcd
with 0.6% and 14.1% of cxaminations in Sweden).
The usc of 29)T1 is more common in the Netherlands
than in Sweden (6.8% and 2.5% of cxaminations,
respectively).

182. The use of >!Cr also differs in countrics with
similar nuclear medicine practice. Renal clearance with
S1Cr arc important in Sweden (9.1% of cxaminations),
but the radionuclide is hardly used at all in the
Netherlands (0.2% of examinations). Canada [H17]
and Germany [K10], with somewhat higher per capul
doses from nuclear medicine, report little or no usc of
S1Cr-EDTA, although other e radiopharmaceuticals
arc used in Canada (sodium chromate and chromic
chloride); 9mMTe rather than 1Cr is used for inulin and
creatinine clearance measurements of the glomerular
filtration rate.

183. Figure VI shows that nuclear medicine
examinations in countrics of health-care level I are
more frequent by an order of magnitude or more than
in countries of lower hcalth-care levels. Only for
thyroid uptake studies are the relative differences not
quite so great. At health-care level I some 30% of
examinations were of bone, some 20% were of the
lung and some 15% were cardiovascular. These
examinations are all being performed more {requently.
The percentages of brain (5%), liver/spleen (5%-10%),
renal (5%-10%) and thyroid (15%) examinations arc
decreasing. Trends in individual countries may deviate
from this general pattern. Generally, the data indicate
increased frequencies with time in the total number of
nuclear medicine examinations. Myanmar reports a
steadily decreasing examination frequency, from 0.54
per 1,000 population in 1976-1980 to 0.11 per 1,000
population in 1985-1990.

184. Nuclear medicine is continuing to develop in
China, and more than 800 hospitals now practice
nuclear medicine [W7]. The most frcquent imaging
procedures are liver scintigraphy, thyroid imaging, and
lung, kidney, bone, brain and heart imaging, in that
order [W7]. The most common function tests are
thyroid uptake, renogram and cardiac function [W7].
In function tests, ™Tc is the most frequently used
isotope {L14, W7]. Thus, the data ciled in the
UNSCEAR 1988 Report [U1], according to which
99T ¢ was not used in China, were not rcpresentative,
Wang and Liu [W7] regard 13mpy a5 the primary
alternative when ~"™Tc is unavailable and stress that
the long half-life of the 13Sn parent makes !!3™n
generators suitable in developing countries, where low
cost and long transport times are important
considerations. Nonetheless, ' is still a big

contributor to cflective dose in China [Z6] and in
India.

185. Information from other developing countrics is
very limited. In Tunisia, diagnostic nuclcar medicine
in vivo is practised at onc clinic in Tunis, which is
cquipped with scintiscanners. Radionuclides are
brought from France on a regular basis, which ensures
supply but cxcludes short-lived isotopes [M13]. In
Nigeria, with a population of about 100 million, one
scanncr is available in Lagos. About 79% of the 1,000
paticnts referred in 1982-1984 had thyroid-related
pathology, and most of the other examinations con-
cerned the liver, the brain or bone [F5]. In Zaire, with
a population of 30 million, onc nuclecar medicine
facility exists in Kinshasa, but apparently work there
is hampered by many very difficult problems [16].

186. Most of the cxaminations in nuclear medicine are
performed on adult paticnts. For instance, 98% of all
examinations in the United States are performed on
patients who are at least 15 years old (and 90% were
30 years or older) [Ul] Examinations of children
appear to be somewbat more frequent in eastern
Europe [D1, Ul]. There is no particular typc of
examination specifically aimed at children, apart per-
baps from neonatal hypothyroidism screening, which
is performed by radioimmunoassay in vitro and thus
causes no paticnt dose [16].

187. The age- and sex-distributions of patients
subjected to diagnostic nuclear medicine examinations
are given in Table 28. On average, the population
examined is older than the general population and also
older than those receiving x-ray cxaminations.
Relatively high proportions of renal examinations are
performed on children in countries of health-care
level I. At hcalth-care level II, bone and brain
examinations of children are relatively frequent. The
proportion of children examined is higher in countrics
at health-care levels 1I-IV, as was also the case for
diagnostic x-ray examinations, but the difference
between health-care levels is smaller than for x-ray
examinations. As with x-ray cxaminations, the excess
of children among examined patients may well depend
on demographic factors (there are more children in
these countries). Since total nuclear medicine
examination frequencies are much lower at health-care
levels 1I-1V, the frequency of examined children is
consistenty smaller at these health-care levels than at
level 1, in spite of the higher percentage of children
among examined persons.

188. As expected, more women have thyroid
examinations and more men have cardiovascular
examinations (with the exception of China).
Otherwise, the sex distributions appear to be fairly
standard,
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B. DOSES IN EXAMINATIONS

189. The average amounts of radioisolope compounds
administered for some important procedures in
diagnostic nuclecar medicine are listed in Table 29.
Only the major radiopharmaccuticals reported in usc
arc included. The listing must nccessarily compress
the information reccived, which was of uneven detail
to begin with, making it difficult to calculate effcctive
doscs. Some comments are, however, relevant

190. The activity administercd per examination seems
to be more standardized than the factors that influence
dosc in diagnostic x-ray examinations. This is also true
for different levels of health care. Thus, the vast
differences in dose per examination between countries
of different lcvels are due to the choice of radio-
pharmaccuticals not to different amounts of activity
for any given procedure.

191. Thyroid examinations contribute as much as half
of the collective dose from all diagnostic nuclear
medicine procedures. Typical cffective dose equiva-
lents in the province of Manitoba, Canada, in 1981-
1985 were 3.9 mSv for 131[, 1.2 mSv for '3[ and
1.5 mSv for ®™Tc. The substitution of other nuclides
for 1311 in most cases reduccd the estimated collective
dose by a factor of 3.6 [H35]. Cardiovascular cxami-
nations caused comparatively high doses, from about
10 mSv (*¥™Tc erythrocytes) to about 20 mSv o'
chloride). Brain examinations with $mTc gluconate
caused 8-10 mSv, bone examinations with %™Tc
phosphate up to about 7 mSv.

192. Tomographic investigations with single photon
emission computed tomography (SPECT) require, on
average, higher activities per examination than similar
planar examinations. Consequently, SPECT tests could
lcad to higher patient doscs [El], at least for
cxaminations such as myocardial scintigraphy, regional
cerebral blood flow, bone scintigraphy, liver
scintigraphy, radionuclide ventriculography and tests
with tagged monoclonal antibodies. In principle,
positron cmission tomography (PET) should also
require high activitics per examination, but the dosces
do not scem to be extremely high, at least not with
18F  substances, which result in effective dose
cquivalents of up to 6 mSv per procedure [M43].

193. Examinations of children form an important part
of the evaluation of paticnt doses, since the dose per
unit activity can be much higher for children than for
adults [IS, T6]. Two important differences between
children and aduits should be taken into account when
considering the use of radiopharmaceuticals and
cvaluating doses. Physiological differences such as
differing body weights can lead to a different (higher

or lower) clfective dose for children after admini-
stration of a given amount of activity [S15, T6].
Age-related dose cocfficients [IS, [14] take these
physiological differences into account. Another dif-
ference is the greater sensitivity of children, reflected
in the higher risks per unit dose. As mcntioned in
Scction 1.B., this could in principle also be taken into
account.

194. Absorbed doses, cffective dose equivalents and
effective doses per unit activity of wvarious
radiophammaccuticals administered to patients have
been derived and are listed in ICRP Publication 53
(for Hg) [IS] and in its Addendum (for E) [I14].
Supplementary information can be found in the MIRD
(medical internal radiation dosc) reports, most recently
on ®™Tc-labelled bone imaging agents [W6], red
blood cells [AS], M!In-labelled platelets [R21] and
MmTc.DTPA aerosol [A13]. Some MIRD cstimates
may be inexact, [K26, T15], particularly with respect
to Auger emitters [H25, K27, S48].

195. There is not yet a wide basis for calculating
cffective doses from nuclear medicine examinations.
For instance, individual differences in mectabolism
could contribute to variability. Furthermore, individual
organ doses may vary with disease conditions, al-
though effective dosc may be a more robust quantity.
Table 30 lists typical effective dose equivalents from
examinations. The effective dose equivalents were
calculated using the dosc factors in ICRP Publication
53 [I5], but patient ages or sizes were not considered.
There are three further sources of variation in
estimated effective doses (cffective dose equivalents):

(a) cach examination category represents several
types of proccdure. Perhaps the most extreme
example is kidney examinations: renograms are
occasionally made with 125I-hippuralc with a
typical effective dose of 0.01 mSv while renal
scintigraphy with $9mTe gives at least 1 mSv per
examination;

(b) a given procedure can be done with different
radionuclides. A good example is thyroid
scintigraphy: performed with ®™Tc, the effective
doscs are under 1 mSv; performed with 131I,
they approach 100 mSv. The difference is
important since PmTe is typically less accessible
in developing countrics;

(c) the amount of activity administered for a proce-
durc differs; this, however, is not a major source
of variation in doscs.

196. In principle, it is desirable for analytical purposes
to specify the age distributions of patients; however,
these are likely to be different for each type of exam-
ination. To illustrate the dependence of dose on age,
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Tablc 31 provides the average and per caput effective
dose equivalents from the average activilics admini-
stered and the frequencies of examinations determined
for Manitoba, Canada [H17]. The age-dependent doscs
per unit activity administered were taken from ICRP
Publication 53 [I5].

197. The cffective dosc cquivalents to children in
Table 31 werc computed with age-related dose
conversion factors where possible, but when no data
were available it was assumed that the activity admini-
stered to a child was the same as that to an adult. The
effective dose to children per unit activity can be
much higher than that to adults, and examinations of
children are not all that rare. This is particularly true
in the case of renal examinations, which constitute
some 10% of all procedures.

198. Doses to unbom children after the administration
of radiopharmaccuticals to pregnant patients may,
according to Cox et al. [C18], be seriously underesti-
mated by current methodology. Although their primary
concern is with therapcutic administrations, thcggalso
discuss lung perfusion scintigrams using 7™Tc
albumin aggregates, which they believe is the most
frcquent examination in pregnant womecen. In their
opinion, it results in a uicrine dose of 10 mSv rather
than the 0.3 mSv calculated by conventional methods.

C. WORLDWIDE EXPOSURES

199. Representative frequencies of nuclear medicine
cxaminations for cach health-care level and doses per
cxamination cannot be well established from the
available data. Nevertheless, the approximate values
do give an indication of the collective dose from this
practice. This analysis is shown in Table 32. The
population-weighted frequencies of examinations were
derived in Table 26 and listed in Table 27. The
effective dose equivalents from typical examinations
were given in Table 31, with the values for adults
being used in Table 32. Higher doses were indicated
in Table 30 for China for thyroid scans and liver/
splecn examinations whenever the preferred isotope,

™Tc, was not available. It is not known how often
this occurs, but in order not to underestimate the
collective dose, the higher doses have been assumed
for these examinations in health-care levels 11-1V. The
product of frequency and dose per examination gives
the estimated collective effective dose from each
examination.

200. The collective effective dose equivalent from
nuclear medicine examinations worldwide is estimated
to be 156,000 man Sv, with 127,000, 20,000 and
10,000 man Sv from health-care levels 1, 11 and I11-1V,

respectively. Most of the collective dose (81%) is
reccived atlevel 1. The dose per cxamination averages
5.7 mSv at level 1, but it is about four times higher at
levels I1-1V. The per caput dose is 0.09 mSv at level 1
but is, because of much lower frequencics, an order of
magnitude less at levels 11-1V,

201. The contributions of the various examinations to
the collective dosces are given in Table 33. At health-
care level 1, cardiovascular and bone scans account for
70% of the collective dose. Because of the high dose
assumed for thyroid scans at level II-IV, this
examination is by far the largest contributor to total
collective dosc from nuclear medicine in these
countrics.

202. This analysis of collective dose is very appro-
ximate since only a single typical examination has
been assumed in each case, and the representativeness
of the frequencies and doses applied cannot be estab-
lished. It does, however, indicate that the collective
dose from nuclear medicine examinations worldwide
is about 10% of that from diagnostic medical x-ray
examinations.

203. Estimates of collective dose from nuclear medi-
cine examinations in a number of countries have been
published or supplied in direct response to the
UNSCEAR Survey of Radiation Usage and Exposures.
These estimates are summarized in Table 34. Because
the conditions, assumptions and mcthods underlying
these results vary widely, direct comparison may not
always be valid.

204. The collective doses shown in Table 34 can be
compared with total medical radiation doscs to deter-
mine the relative contribution of doses from nuclear
medicine examinations. The collective effective dose
cquivalent from nuclear medicine examinations in the
United States in 1982, 32,100 man Sv, amounted to
about 35% of the 92,000 man Sv from diagnostic
x-ray usage [N1]. In contrast, the 1,000 man Sv from
nuclear medicine in the United Kingdom in 1982
conslituted only about 5% of the 20,000 man Sv from
diagnostic x-ray usage.

205. Alternative estimates could be derived for the
cffective dose equivalent from nuclear medicine exam-
inations in Canada by extrapolating the estimates for
Manitoba and Quebec to the entire country. These
results would be 3,200 and 9,900 man Sv, respect-
ively, 1o be compared with the estimate given in
Table 34, 4,200 man Sv. The difference in the three
estimates stems mainly from different assumptions
about the number of examinations [L7). Of the 260
nuclear medicine clinics in Canada, over half are
located in Ontario and only 10 in Manitoba [L12], so
extrapolation from Maniloba may be uncertain. The
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arithmetic average of the three estimates of dose per
examination is 5.1 mSv, which is similar to the value
derived in Table 32 for level I countrics.

206. Maruyama ct al. studied the usage of radio-
pharmaceuticals in Japan in 1982 [M10, M11, M12].
They provided detailed age- and sex-distributions of
paticnts for cach radiopharmaccutical uscd in several
general procedures (c.g. renogram, scintigram, blood
flow) [M10]. They also derived age- and sex-specific
organ-dosc conversion factors and a sct of sex-specific
cffective dose cquivalents for each radiopharmaccu-
tical used [M11]. Most of the numeric values werc
fairly similar to the values in ICRP Publication 53
[IS]. This comprebensive material underlies the entry
for Japan in Table 34. The distribution of the collec-
live dose over age groups and for different radio-
pharmaceuticals is given by Maruyama ct al. [M12].

207. The per caput cffective dose equivalents in
Table 34 vary by two orders of magnitude, partly
owing to variation in cxamination frequencies. In con-
trast, most of the cffective dose cquivalents per
examined patient fall within a fairly narrow range,
2-S mSv, in countries of health-care level I. The
cxceptions, with effective dosc cquivalents in the
10-30 mSv range, are countries in which the use of
long-lived radionuclides, such as 1311 and 198Au, is
proportionally higher. Doses in Poland are in the upper
range, with an cffective dose cquivalent per examina-
tion which is threc times that observed in India. The
main rcason is that half of al! examinations are
performed with 1311, resulting in some 20 mSv per
examination. The range of the average effective dose
cquivalent per examination in China (15-34 mSv) [Z6]
cncompasscs the value derived in Table 32 (20 mSv).

208. For countries of health-care level I, a popula-
tion-weighted annual per caput effective dose equi-
valent of 0.073 mSv can be derived from Table 34.
This gives some corroboration to the value derived in
Table 32. In the UNSCEAR 1988 Report [Ul] the
estimated value was 0.05 mSv, although weighting for
population would, in fact, have given 0.07 mSv. The
present estimate (0.09 mSv) is bhardly different, but as
it is based on data from more countries, it is more
reliable.

209. For hcalth-care level 11, the previous estimate of
the per capul dose from nuclear medicine cxamina-
tions was 0.004 mSv [U1l]. The present estimale,
0.008 mSv, is again more soundly based, especially
because there are data from China and India. There
are slill inadequate data for levels IIT and IV. With the
frequency of all examinations only slightly less than
for level Il and the important thyroid scans compar-
able in frequency, the similar per caput dose derived
for level I should mcan that the collective dose will
not be underestimated.

210. Annual per caput and collective effective dose
cquivalents from nuclear medicine examinations
worldwide are summarized in Table 35. The total
collective dose from the practice (160,000 man Sv) is
about twicc as great as the estimate in the UNSCEAR
1988 Report [U1]. Even the present estimate is highly
approximate, but the underlying databasc has been
strengthenced.

D. TRENDS

211. The number of diagnostic nuclcar medicine exa-
minations increased in industrialized countries in the
1970s, but remained relatively constant in the 1980s
[H17, H18]. However, the frequency of nuclear medi-
cine examinations in hospitals in the United States
increased from 5.6 million in 1980 to 7.5 million in
1990 [M2]. The frequency of examinations is expected
to increase in developing countries. The data from the
UNSCEAR Survey of Medical Radiation Usage and
Exposures are too incomplete to allow quantifying
trends.

212. One of the important developments is that new
$9mTe labelled compounds are replacing established
compounds containing other radionuclides in level I
and to some extent level II countries [P13]. Usually,
this leads to lower doses per examination. Other im-
portant trends are the introduction of com-
plex biological agents (such as radiolabelled mono-
clonal antibodies) for novel imaging applications and
the proliferation of new compounds for studies with
positron emission tomography (PET). These develop-
ments can be expected to lead to more examinations
per caput. The proliferation of single photon emission
computed tomography (SPECT) and positron emission
tomography are also expected to lead to the wider use
of three-dimensional rendering [H23, P22, W17], as
was alrcady discussed for x rays in Section ILF.
Computed x-ray tomography and magnetic resonance
tomography both provide higher resolution, however,
which mcans that purcly anatomical imaging is not an
important procedure in current nuclear medicine
practice [E2]. Instead, measurements of flow and bio-
chemical reactions are important.

1. Specific methods in nuclear medicine

213. While the total number of nuclear medicine
examinations may have remained relatively constant in
industrialized countries from 1980 to 1990, the choice
or pattern certainly has changed. As an example, data
from Sweden [H18, V4] reveal a very complex pat-
tern. The two most important changes concern the
relative use of 2™Tc (19% of all tests in 1971, 65%
in 1987) and 31 (52% in 1971 and 12% in 1987).
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Gold-198 was phased out in 1977. The use of 1231 is
decreasing, while that of Sicr, 1231 and 01 s
increasing. All of these trends refer specifically to the
onc country studicd. While the trend in relative use of
9mTe and 13 is presumably widespread, there may
be national diffcrences for other radionuclides. For
instance, the use of 20! T (and of 111ln) is probably
decrcasing in the Federal Republic of Germany. In
particular, myocardial scintigraphy with 01y s being
replaced with antimyosine immune scintigraphy, radio-
nuclide ventriculography and other methods that give
lower paticnt doses [B7]. One reason for national
differcnces is the varying availability of radionuclides
with short half-life (this factor is particularly relevant
in developing countrics).

214. The field of pacdiatric nuclear medicine will
possibly grow [P13]. Table 28 shows that renal imag-
ing is the most frequent examination in children, at
least in countrics at health-carc level I. For adults,
distributions vary, but on average, bone scans appear
to be the most common examination. MAG-3, a
recently introduced 9mTc.labelled mimic of hippuran
(which is labelled with iodine) is particularly suitable
for paediatric renal imaging [H22, P13]. Since 9mTe
gives smaller doses than jodine, doses are not expected
10 increasc at the same rate as the number of
cxaminations.

215. Radioactively labelled monoclonal antibodics are
a valuable diagnostic tool for finding tumours and
metastases through radioimmunoscintigrapby. Their
use for therapeutic purposes is mentioned in Chapter
V. In a diagnostic context, they are associated with
rejatively bigh cffective dosc equivalents: 34 mSv (for
Wy, 30 mSv (311) and 7 mSv (P™Tc) [R15].

216. Single photon emission computed tomography
bas cvolved rapidly since the carly 1980s, when it was
still rare [P22]. Not only it is now a standard mcthod
for tumour localization but it is also used in a varicty
of applications, such as functional brain studics [H23],
cardiac studies, bonc imaging and abdominal imaging
[P22]. 1t can also be used in conjunction with labelled
monoclonal antibodics. In contrast to the very expen-
sive positron emission tomography technique, single
photon emission computed tomography may be afford-
able in at least some devcloping countries [P23], in
particular if personal computer algorithms for tomo-
graphy gain wider acceptance, permitting significant
reductions in equipment costs [S49].

217. Positron cmission tomography provides
quantitative, locational, functional and biochemical
information that would be difficult to obtain by other
means [B13]. While positron emission tomography
began as a technique for brain studies [J2], it is now
used also for myocardial examination and oncological

work {R11, T16]. Whole-body imaging in oncology is
an expected development [D14]. The use of labelled
anticancer drugs will allow in vivo dosimctry, an
application likcly to become important in the treatment
of diffuse discase [O4). However, there are two pro-
blems: equipment is costly, and the short-lived iso-
topes used rcquire cyclotron facilities ncarby.

218. Ot [O4] has stressed that it is hardly necessary
10 have a cyclotron at each hospital; regional cyclotron
facilitics within one or two hours distance could serve
many uscrs in denscly populated arcas. While positron
cameras are expected to become less expensive, Ot
did not foresec a price reduction by more than half in
the near future [O4]. Some university institutions have
been able to fabricate cameras at low costs [O4, S8),
but the cyclotron requircment is likely to continue to
keep positron emission tomography generally inaccess-
ible to developing countries. In industrialized coun-
tries, the number of positron emission tomography
centres is likely to grow rapidly. There were 99 of
them in 1991 and 122 in 1992 [G14]; 80% of these
were in the United States (75) and Japan (21) in 1992,
with 2 cach in Australia, the Federal Republic of Ger-
many and Sweden and 5 cach in Belgium, Canada,
Ttaly and the United Kingdom. Generator-produced
positron emitters may contribute to further growth.
They would allow limited positron emission tomo-
graphy studies without having to invest in a cyclotron
[T16]. Generators producing 8 Rb from #Sr are
already available, and a 2¢cy (from 62Zn) generator is
being developed.

219. Hill [H40] expects a rapid increase in the use of
positron emission tomography for gencral imaging
purposes. He points out that gamma camera images
are greatly inferior to other radiological images in
terms of spatial resolution, contrast discrimination and
acquisition speed, because the collimator of the
gamma camera reduces photon cfficicncy by at least
three orders of magnitude and introduces scatter. Hill
stresses that while positron emission tomography lends
itsclf to high-level studies of human metabolism, it
should also be an appropriate tool for nuclear medi-
cine in general [H40]. Since the extra information
gained with the most advanced positron emission
tomography techniques is not necessarily of clinical
significance [W29], radiation protection considerations
will presumably restrain some of the future growth of
positron cmission tomography.

220. Limited access 1o positron emission tomography
is likely to restrict this nuclcar medicine usage in
decveloping countries in the ncar future. However, this
does not mean that nuclear medicine will be non-
existent. Some advanced methods, such as three-
dimensional rendering, may be available with rcason-
able investment costs. However, the high cost of
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radiopharmaccuticals, as well as infrastructure
problems that limit the availability of short-lived
radionuclides, will presumably lead to other exam-
ination patterns than in industrialized countries. Thus,
radionuclide imaging will presumably not grow very
fast, since there are alternatives [16]. Howcever, there
arc no obvious alternatives to functional studies which
may sprcad somewhat faster [I6, 17]. Diagnostic in
vitro analysis with ready-made radioimmunoassay kits
is likely to increase, since the technique will work
undcr various conditions and is useful in diagnosis of
parasitic infections, which arc important in developing
countries [I6, 115].

221. It should not be assumed that the evolution of
nuclecar medicine practice will be similar in all
dcvcloping countries. On the contrary, there are great
diffcrences between individual countries [16, 17]. At
this stage, however, the quantity of nuclear medicine
performed scems to be small in most developing
countries, even if the methods that do find use differ
greatly from country to country. Of course, there are
local interruptions in the practice of nuclear medicine,
caused not so much by equipment failure as by the
crratic supply of radionuclides [I6, 17). The potential
of diagnostic nuclear medicine to detect diseases at an
carlier stage and, accordingly, to reduce the direct and
indirect costs of illness will presumably encourage
dcveloping countries to increase the availability of
nuclear medicine, in spite of the difficultics.

2. Alternatives to nuclear medicine

222. The main alternative to nuclear medicine
examinations is ultrasonography. Liver scintigraphy
with ®™Tc and renal localization with 1257 are tending
to be replaced by ultrasonography [V4]. The frequency
of thyroid scintigraphies in the Federal Republic of
Germany decreased by 40% from 1978 to 1984, and
at the samc time the frequency of thyroid ultrasonic
examinations increased by 272% [K9]. Scintigraphy is
still the basic procedure for thyroid cxamination, while
ultrasound is used for screening. Ultrasonography is
used not only for thyroid and abdominal studies but
also increasingly for cardiovascular, renal, locomotive
(including hip-joint in children), infant skull, gynae-
cological and ear, nose and throat examinations.

223. The trend is, however, not universal, In private
radiology practices ultrasound equipment is less com-
mon. In this case the frequencies of nuclear medicine
proccedures (e.g. thyroid and bone scintigraphics) have
been stcadily increasing [K9].

224. Echocardiography is generally regarded as useful
for the screening of patients with suspected early car-
diomyopathy, while angiography with radiophar-
maceuticals is expected to remain the normal pro-

ccdure when the disease has progressed [C9]. Mag-
nclic resonance tomography is expected to com-
plement (and to some extent supplant) computed
tomography with x rays, as was discussed in this
context in Section II.LF.2. But it can also be regarded
as an allcrnative to some types of radionuclide imag-
ing, including singlc photon emission computed tomo-
graphy [S6].

3. Effects of quality assurance programmes

225. Quality assurance programmes, first introduced
by the World Health Organization around 1980, are
well established for nuclear medicine use in countries
of hecalth-carc level I. Early efforts in the United
States, in particular, helped to establish these pro-
grammes [S28]. Table 24 summarizes the regulations
and recommendations in countries responding to the
UNSCEAR Survey of Medical Radiation Usage and
Exposures. It should be noted that responses to the
survey arc not always consistent, perhaps reflecting
differences at the state and federal levels in countries.
Biuml [B40] has compiled references to quality
assurance mcthods and their implementation and
results. Further discussion of quality control
procedures in nuclear medicine is given in an NCRP
report from the United States [N3] and, for radio-
pharmaceuticals, in an Australian Radiation Laboratory
Report [B38].

226. Results of quality assurance testing demonstrate
the need for such programmes. This is illustrated by
tests of 125 batches of 32 different types of radio-
pharmaccutical in Australia 1989 [B39]. No less than
23 batches (18%) failed to meet full specifications. A
test in Sweden of 81 of the 91 gamma cameras in the
country revealed inferior properties for general planar
imaging in a third of the cameras, considerable varia-
tions in bone imaging and insufficient uniformity in a
third of the single photon cmission computed tomo-
graphy systems [L13].

E. SUMMARY

227. In diagnostic nuclear medicine practice, the two
most important isotopes are ™ Tc, the use of which
is increasing, and 1311’ the use of which is decreasing
rapidly but which still contributes much to the collec-
tive dose. In industrialized countries, the per caput
doses duc o exposures of patients in nuclear medicine
examinations range from 0.02 10 0.2 mSv (population-
weighted per caput effective dose equivalent: 0.09
mSv). The dose per examination is a few millisievert
in most industrialized countries and 10-40 mSv in
developing countrics. The difference is due to the
more frequent use of long-lived radionuclides in deve-
loping countries.
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228. Examination frcquencics and, hence, per capul
doscs are higher in North America than in Europe and
much higher in industrialized countrics than in deve-
loping countrics. In countrics with similar per caput
doscs, there can still be important differences in
choice of procedure, In industrialized countries, exam-
ination frequencics arc probably no longer increasing
as quickly as they did 10 ycars ago. Onc of the
rcasons for this is the competing use of computed
tomography and ultrasonography. New techniques,
such as positron cmission tomography, are expected to
become cstablished in industrialized countries. In
developing countries, in vitro kits as well as some
functional study proccdures are likely to find increas-
ing use.

229. The estimated cffective dose equivalents from
diagnostic nuclear medicine examinations for different

levels of health carc and worldwide are summarized in
Table 35. For health-care level 1, the annual per caput
dosc has been adjusted from the previous cstimate
[U1] of 0.05 mSv, to 0.09 mSv. Access to important
new data from China and India permit an improved
estimate of the annual per caput cffective dosc
cquivalent for countrics of health-care level 11, now
estimated to be 0.008 mSv (previous estimate: 0.004
mSv). For hecalth-care levels 1T and 1V, per caput
doscs are assumcd to be comparable to thosc in
level II. However, because of the low examination
frequencics, this estimate has little influence on the
collective dose. The estimated per caput effective dose
equivalent worldwide is now 0.03 mSv annually, and
the estimated collective dose from the practice is
160,000 man Sv. This is twice thc 1988 estimate, but
it is still only 10% of the estimated collective dose
from diagnostic x-ray examinations.

IV. THERAPEUTIC USE OF RADIATION

230. In telctherapy, an cxternal source of radiation
allows a beam of photons to be directed towards the
patient. For decp-seated tumours, high energy photons
arc obtained primarily from 0Co sources or lincar
accelerators [P8]. Older 137¢s sources are being re-
placed for various reasons. Other, less common types
of tcletherapy apparatus are mentioned in Scc-
tion IV.D. For the teletherapy of superficial tumours,
x rays arc ulilized. Very soft Bucky x rays are used
for skin disorders. In brachytherapy [T18], scaled
radioactive sources arc inserted into a body cavity
(intracavitary or intraluminal application), placed on
the surface of a tumour or on the skin (superficial
application), or implanted through a tumour (interstitial
therapy). Commonly uscd sources are 198 Au or 129]
for permanent implants, 137¢s or %1t for low-dose-
ratc temporary applications, and 0co or 'PIr for
high-dose-rate temporary applications (in the case of
8co or 19211, always using remote afterloading). Older
226Ra sources for low-dose-rate temporary applications
arc now much less used.

231. In therapy, the objective is to deliver a radiation
dose to the patient. Neither individual nor collective
effective doses are directly relevant for comparisons
with doses from other sources, not even with dia-
gnostic procedures. Furthermore, although they are
mentioned below, per caput doses of any kind are
difficult to interpret, since they result from averaging
very high doscs to very few pcople over an entire
population. In the present context, the radiological
impact of therapy can perhaps best be described
simply by the number of paticnts and the target doses.

Such information was collected in the UNSCEAR
Survey of Medical Radiation Usage and Exposures.
Effective doses are also discussed below, but the
limitations are stressed. Although the numbcers of
treatments are discussed in this Annex, the data are
assumed to refer to the overall courses of treatment
and, therefore, to the numbers of treated paticnts.

A. FREQUENCIES OF TREATMENTS

232. The frequencies of radiotherapeutic treatments
reported in response to the UNSCEAR Survey of
Medical Radiation Usage and Exposures are given in
Table 36 (total frequency) and Table 37 (frequencies
of major trcatments). In a few cases, it is not clear
whether the number of trcatments (which may be
scveral dozen per treated patient) or the number of
patients was reported. Somce totals may be under-
cstimates because certain trcatments were excluded.
The population-weighted average frcquencies of
treatments are somewhat less than those given in the
UNSCEAR 1988 Report [U1]. The data were domina-
ted at level 1 by the United Kingdom and the United
Statces, both of which reported 2.4 treatments per 1,000
population but which arc missing from the 1985-1990
period. China and India, with lower frequencies, have
been added to the listing for level 11 for 1985-1990.
The distributions of the total frequencies of
radiotherapy treatments in countrics are illustrated in
Figure VII. The average annual frequencies of the
main types of treatments arc shown in Figure VIIL
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233, Results from individual countrics scem at times
10 be inconsistent. In many cascs, the sums of reported
frequencics of specific trcatments in Table 37 deviale
considcrably from the totals listed in Table 36, which
may be smaller or larger. The varying number of
countrics in the periods reported and the different
types of treatment included under the broad categorics
introduce uncertainty and make it difficult 10 compare
results. For the Nordic countries, the total {requencics
arc believed to be based on better statistics, while the
frequencies for specific therapics are cxtrapolations
from small samples. Turkey reports very high frc-
quencies of trcatment for leukaemia, lymphoma,
Wilms’ tumour and ncuroblastoma compared to breast,
respiratory system or female genital organ therapies.
These frequencics, from onc hospital, may reflect a
non-random sclection of patients. In some countries,
there are large differences between regions. As onc
cxample, which is probably typical of many countries,
adequate facilities and advanced scrvices are available
at Lima, Pcru, but access to radiotherapy is much less
satisfactory in rural areas [Z11, Z12, Z13, Z14].

234, Although there are uncertainties in specific data,
the general trend agrees with carlier data, which
suggested increased teletherapy treatment frequencies
in most countrics. The number of teletherapy machines
in developing countries is considered to be only
one tenth the number that would be justificd by cancer
incidences [R7].

235. Marked variation has been noted between the
Nordic countries, in spite of their homogeneity [L16}].
This variation is not fully cvident from Tablc 36.
Thus, in 1987 according 10 Lote et al. [L16), 25%-
26% of cancer patients in Denmark and Norway re-
ccived megavollage radiotherapy, as compared with
36%-38% in Finland, Iceland and Swedcn. The num-
ber of radiation fields given per patient was 45 in
Finland and 34-37 in the other Nordic countries.

236. The age- and sex-distributions of radiotherapy
paticnts arc given in Table 38. In general, the age dis-
ributions conform with expcctations. Thus, Wilms’
tumour paticnts and neuroblastoma paticnts arc usually
undcr age 15 ycears, leukacmia and lymphoma paticnls
are of all ages, and patients with other cancers are
usually over age 15 ycars, with a sizable fraction over
40. The scx distributions are also as expected. Overall,
ncither age- nor sex-distributions differ significantly
between health-care levels. Some specific deviations
may be mentioned, however: for lcukaemia, the 0-15
ycars age group is very small in Myanmar, for no
obvious reason. This may be a random fluctuation.
The age distribution for lymphoma paticnts includes a
significantly higher proportion of children in countrics
of health-care level Il than in countries of health-care
levels 1 and 111, where the proportions are not signi-

ficantly different. This may reflect the distributions of
Burkitt’s lymphoma and of Hodgkin’s discase.

B. DOSES IN TREATMENTS

237. Information on target organ doses and cntrance
surface doses in teletherapy and brachytherapy treat-
mients is given in Table 39. The doscs used differ, but
no particular difference distinguishes the levels of
health care from one another,

238. Absorbed doses in tissues or organs other than
the target of the treatment could be used in assessment
of paticnt doses, although general comparisons would
be difficult. Some such absorbed doses were listed in
the UNSCEAR 1982 Report [U3], but effective dose
equivalents were not evaluated for four reasons:

(a) the proportionality between dose and response
assumed for effective dose or effective dose
equivalent calculations does not hold if organ
doses exceed a few gray;

(b) the short life expectancy of the patients inva-
lidates assumptions underlying the choice of
organ weighting factors for effective dose or
effective dose equivalent calculations;

(c) litle is known about the dose distribution outside
the target volume;

(d) in therapeutic nuclear medicine, the metabolic
data assumed in normal dose assessments may
not be valid.

239. Since the UNSCEAR 1982 Report [U3], the
situalion has changed somewhat, at lcast with respect
to the first three reasons: (a) a tentative first estimate
of the risk of cancer induction in target organs exists
[14], which facilitates the approximative consideration
of beam and target organ doses in effective dose or
effective dose equivalent calculations [B19]; (b) cancer
therapies are becoming more successful, and the
average life-span of surviving cancer patients is
increasing, with particularly dramatic improvements
for childhood cancers; (c) extensive calculations by
Williams ct al. [W34] of organ doses outside the beam
arc available and summarized in ICRP Publication 44
[14]. Thus, it is now at lecast feasible to compute
effective doses.

240. However, the detriment associated with such
cffective doses cannot be calculated in the same
manner as for hcalthy workers, nor cven as for
patients in diagnostic examinations, and it is in any
casc a by-product of indispensable, life-saving treat-
ment. Furthermore, radiotherapy paticnts arc unique in
that deterministic harm constitules a sizable part of the
radiation-induced detriment. Such complications of
treatment are discussed in ICRP Publication 44 [14].
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Effective doses arc not well suited to describe such
effects. Still, effective doses may be uscful as supple-
mentary information, to allow for comparisons
between treatments and countries.

241. Even with the new data in ICRP Publication 44
[14], effective dose computations in radiothcrapy must
be simplifications. For instance, as suggested by
Beentjes [B19], it is assumed for the present purpose
that all radiotherapy delivers dose distributions similar
to those from ¥ Co sources. Using data from Beentjes
[B19), absorbed doses to non-target organs from
scattered radiation from ®Co treatments of four major
target areas have been calculated (Tablc 40). It was
assumed that these areas are representative of all
radiotherapy cxcept skin and female breast radio-
therapy, and that the dose to target organs is always
60 Gy. Leakage radiation (a few per cent of the
scattered radiation) is disregarded.

242. Cancer mortality following radium treatment for
fibrosis with utcrine bleeding may illustrate the
relevance or otherwise of effective doses in non-target
organs. In a study of 4,153 women treated between
1925 and 1965 [116], average doses were provided for
all organs, allowing the calculation of an average
effective dose from scattered radiation of 1,070 mSv.
To this a correction for target organ doses should be
added. Based on the considerations of ICRP [I4] and
the interpretation of Beentjes [B19], one may assume
at most two fatal second cancers, i.e. less than 0.1%
with a cure rate of 50% of 4,153, and a cancer fatality
probability cocfficient of 0.05 [I8], which corresponds
to 40 man Sv, or 10 mSv per woman. The cumulated
cffective dose, 1,080 mSv, corresponds to a collective
effective dosc of 4,440 man Sv. With a fatality proba-
bility cocfficient of 0.05 per man Sv, 222 extra cancer
deaths would be expected in the cohort. Actually, after
an average obscrvation period of 26.5 years, an excess
of 147 cancer deaths was recorded [116]. Thus, the
estimate from cffective dose calculations agrees
reasonably well with observations.

243. The so-called Bucky, or grenz ray, therapy,
which uses 8-17 kV x rays to trcat skin disorders,
cannot be dircctly compared to other radiotherapy.
Bucky therapy is relatively popular in, for instance,
tbe United States and in Sweden, which has some 15
facilitics offcring this trcatment. The short penctration
(bhalf-value layer in tissuc: 0.5 mm) precludes any
effects in other organs than skin from Bucky therapy.
Nevertheless, skin doses of 5-50 Gy are received for
a procedure (therapy course) consisting of 10 con-
secutive treatments; for foot verrucae up to 200 Gy
per procedure of 10 trecatments are delivered, i.e. 20
Gy per ucatment with 4-6 weeks between treatments
[L8]. In this particular application, skin surrounding
the verrucac is shielded from radiation with vaseline.

Al lcast 22 cases of skin cancer following Bucky trcat-
ment arc known, all with doses higher than 50-200
Gy. For cumulated doscs under 100 Gy, no excess
cancer risk has been proven [L8].

C. WORLDWIDE EXPOSURES

244. According to the UNSCEAR 1988 Report {U1],
about 2.4 persons per 1,000 population were subjected
10 either teletherapy or brachytherapy annually. Results
from thc¢ UNSCEAR Survey of Medical Radiation
Usage and Exposures show a lower frequency (about
1.4 per 1,000), but this is only a sampling difference.
It is expected that treatment frequencies will increasc
gradually, based on other considerations. The treat-
ment frequency in countries of health-care level 11 is
about 25% of that in level I countrics, in conformity
with the earlier observation [U1].

245, The UNSCEAR Survey of Medical Radiation
Usage and Exposures responses are insufficient to
permit analysis for health-care levels III and IV, but
there is no particular reason to expect any significant
change from the estimates in the UNSCEAR 1988 Rc-
port [U1]: 0.1 procedures per 1,000 population for
health-care leve! III and 0.05 per 1,000 population for
level 1V, i.e. 4% and 2% of the treatment frequency in
level I countrics.

246. The age- and sex-distributions of tele- and
brachytherapy paticnts appear to agrec fairly well with
expectations based on age and sex statistics for the
corresponding diseascs. The doses used for treatment
vary, but no particular trend seems to distinguish the
different levels of health care. Some new technologies
may lead to fewer side effects and/or better results
than conventional therapy.

247. The number of radiotherapy paticnts is suggested
as a simple measure that is correlated with the radio-
logical impact associated with therapy (including
deterministic trcatment complications). Since more
reliable numbers are unavailable, the trcatment fre-
quencics reported in the UNSCEAR 1988 Report [U1]
have been combined with data on populations in the
health-care levels, lcading to an estimated 4.9 million
procedures annually (0.9 per 1,000 population).

248. 1t may also be of interest to assess the effective
dose, using the approach of Beentjes [B19, B36] but
modifying it to obtain effcctive dose rather than
somatic effeclive dosec as he did. The collective
cffective dose cquivalent and collective effective dose
due 1o radiotherapy in the Netherlands in 1978-1979
is computed in Table 41 using the normalized organ
doses of Table 40 and various further assumptions
stated in the Tables. The result is a collective effective
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dosc cquivalent of 19,100 man Sv and a collective
cffective dosc of 10,400 man Sv. The latter value will
be uscd for extrapolation to worldwide exposurcs. For
this purposc, it was assumced that the distribution of
diffcrent types of cancer is similar in countries of
different health-care level, In fact, both distribution
and frequency of cancers vary considerably. Howcever,
it is beclicved that variations in distribution do not
scriously affect the collective dose estimate, which can
indicatc only the order of magnitude of the worldwide
collective dose. Variations in the frequency of dif-
fcrent cancers arc to some cxtent taken into account
when therapy {requencics are used as multipliers in the
dosce calculation.

249. Table 42 lists collective effective doscs, csti-
malted on the assumption that they are proportional to
the cffective doses in the Netherlands [B19], correct-
ing for size of population and for treatment frequency
(but, to retain compatibility with effective dosc for
diagnostic practices as far as possible, not correcting
for paticnt age [B36]). The result is rather imprecise.
The estimated annual collective effective dose in
Table 42,1,500,000 man Sv worldwide, docs however
show that the secondary cffects of radiotherapy arc not
negligible. Probably, they are of the same order of
magnitude as those causcd by diagnostic practices. It
is important, however, to view the secondary cffects
from therapy in relation to the conscquences of no
treatment, in which case continuing debilities and carly
dcaths would surely prevail.

D. TRENDS

250. Increasing life-span will make cancer therapy
more relevant; increasing affluence will make more
cquipment available. Radiotherapy is thus likely to
become more frequent in most countries [Z11]. In-
creascd awareness of the carly symptoms and signs of
cancer will presumably also increase demand for
radiotherapy. In Peru, 60% of cervical cancer paticnis
now come for trcatment in the later stages of the
discase, while for instance only 17% of Swedish
patients arc at the late stages [Z3)].

251. The cancer incidence in industrialized countrics
is roughly 3,500 cases per million population per year.
About half of the cases arc suitable for radiation
therapy. On a global basis, some 10 million new
cancer cases occur cach year, 6 million of which
would be aided by radiothcrapy. Since the treatment
capacily of onc radiotherapy unit is about 500 paticnts
annually [W10], an increase up to about four units per
million population could be cxpected in the long run.
In other words, some 3,000 units are probably nceded
to supplement the 6,000-7,000 units existing world-
wide today. However, while more than halfl of all

cascs come from developing countrics, access to radio-
therapy is limited [D16). In Africa, 45% of the 560
million inhabitants arc under 15 years old, so it is
almost certain that cancer will become a bigger pro-
blem as the population ages. Yt only a third of Afri-
can countrics have any radiotherapy facilities, and in
many cascs these are ill-cquipped and understaffed.

252. Radiotherapy is being developed to achicve
higher therapeutic effects and better tolerability, using
c.g. hyperfractionation [H11, P8, P24, W27]. Some
promising idcas are under consideration. Although
their success has so far been limited [H40], some
possible advances will be mentioned here. For in-
stance, inverse dose planning mecans that instecad of
calculating the dose distribution for a proposed becam
configuration, the optimal becam conditions for a
desired dosc distribution in the patient’s body are cal-
culated [A3, B16, K6]. As this technique becomes
common, fewer patients will suffer radiation-induced
complications after treatment. Another possibility is
that target doscs could be adjusted to take account of
the patient’s genetically determined radiation sensi-
tivity [A7, S35]. Such adjustments may be quite
important, since genes conferring radiosensitivity may
be much more frequent than in the population at large,
possibly occurring in as many as 15% of all cancer
patients [B3, H3, N2, S20]. Attention to this factor
would also reduce the number of complications and
thus the radiological insult to the population, The use
of whole-body treatment for leukaecmia is increasing.
The UNSCEAR 1988 Report [U1] considered brie(ly
the doses to fetuses in the radiotherapy of pregnant
women. Supplemental information is now available on
the usc of lead shiclding in such cases [L15].

253. Treatment accelerators with higher energics and
external beams of fast ncutrons have been mentioned
as likely new developments [S6], and there is some
preliminary experience of fast ncutron therapy, which
has had, however, only limited success [BS8, H13,
K11, P16]. Another possible refinement would be
pboton activation using Mdssbaucr resonance absorp-
tion, in which (for example) an S7Fe compound admi-
nistered to the patient is induced to produce Auger
cascades through photon irradiation. In principle, this
technique should permit lcthal doscs to cancer cells at
the expense of only very low doscs to normal cell.
There arc, however, still doubts whether the technique
will work in bumans, at lcast for other than very
superficial  tumours, for which many alternative
methods alrcady cxist [H20),

254. Proton therapy constitules another advance
|C27). Thus far, somc 7,000 paticnts have been
treated. More than 2,000 were treated in the USSR
alone, where clinical work started at three centres in
the 1960s, and there were a fairly constant number of
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paticnts (a few hundred cach ycar) during the 1980s
{G11]. The advantage of protons is that they cause
steep dosc gradicnts at the lateral and back sides of
the target dosc distributions, thus reducing the irradia-
tion of other than target organs, albeil at great
investment costs for the complicated facility.

255. Extcrnal therapy has been used not only for
trcaling cancer but also for treating benign conditions.
For instance, 20,012 paticnts (99% of them younger
than 2 years of age) werce treated for hacmangiomas at
Radiumhemmet in Stockholm between 1909 and 1959,
While some centres still advocate the radiation therapy
of hacmangiomas, it has declined rapidly since the
carly 1960s [F9]. It appears likely that such therapy
will in the future be applicd only in special cascs, such
as bony hacmangiomas.

256. Alternative and supplementary trcatment options
will continue 1o appear, and in some cases they will be
preferred in paticnt groups at high risk. For instance,
children with brain tumours arc conventionally treated
with radiotherapy, but mental retardation is a frequent
side cffect, occurring in 38% of all long-term
survivors in onc study, with younger children being
more scriously affected [L9]. Therefore, the tendency
is 10 dclay radiation therapy and use chemotherapy for
children under 2-3 years of age, who are most sensi-
tive to radiation [L9]. It is not known, howcver,
whether dclaying irradiation really improves the
functional status of the patients [M14}.

257. Quality assurancc programmes, instigated in
particular by the World Health Organization, arc cven
morc important (but also more difficult) in therapy use
than in diagnostic use. A number of incidents might
have been avoided by a more systematic approach to
quality assurance. In one United Kingdom centre,
morc than 200 patients were treated with overdoses of
25% in 1988 [S36]. A listing of reports that contain
technical details on quality assurance programmes in
radiotherapy has been published [B40]. A particularly
important collcction of papers [H9] discusses radio-
therapy quality assurance from European, North Ame-
rican and Latin American perspectives. Brahme [B17]
discusscd quality assurance for cxternal beam therapy.

258. There is scope for other crrors in a compuler-
controlled trcatment than in a conventional treatment.
Not only must all normal quality assurance be perfor-
med, but it is also neccssary to check the computer

control [M20]. Input of data into check-and-confirm
systems may aclually contribule to systematic crrors,
if uscd as an uncontrolled sctup system [L3].

259. A joint study in Finland and the USSR [K20]
found unacceptable variations in dosc distribution
between treatment planning systems and suggested that
the quality assurance programmes be improved.
Zaharia [Z3, Z10] discussed quality assurance in
radiothcrapy in devcloping countries, with special
cmphasis on Latin Amcrica, pointing out the limita-
tions imposed by a lack of resources. For instance,
accelcrators and quality assurance programmes arce
unlikely to be available, and cobalt units must be uscd.

E. SUMMARY

260. Trcatments by radiothecrapy are intended to
deliver high doses to target organs to eliminate
malignant or benign conditions. All attempls to
calculate cffective doses from data on non-target
organs will incvitably be open to serious criticism. The
secondary effects associated with such doses are
difficult to estimate and cannot be dircctly compared
with effects of radiation in other situations. They must
be asscssed bearing in mind that they are a by-product
of indispensable lifc-saving treatment. Thus, the
frequency of treatments and the target doses are
primary estimators of the impact of radiothcrapy.
Nevertheless, cffective dose calculations may provide
valuable supplementary information.

261. The frecquency of radiotherapy trcatments by
teletherapy and brachytherapy is estimated 1o be
2.4 per 1,000 population in countries of health-care
level I and 25%, 4% and 2% of this value in countrics
of health-carc levels 11, 111 and 1V, respectively. The
total number of procedures performed annually world-
wide is estimated to be 4.9 million.

262. Estimates have been made of the collective
effective dosc from radiotherapy, dcterminced by
considering tissues and organs other than gonads
outside the target arca. The results, summarized in
Table 42, indicate an annual collective somatically
cffective dose of 1,500,000 man Sv worldwide. Some
66% of this collective dose concems health-care
level I countrics, which is dircctly proportional 1o
treatment frequencics.
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V. THERAPEUTIC USE OF RADIOPHARMACEUTICALS

263. Relatively few data are available or were sub-
mitted to the Commitlce for the assessment of thera-
peutic nucicar medicine. The problems of effective
dosc, discusscd for teletherapy and brachytherapy in
Chapter IV, are cqually cvident for therapy with
radiopharmaccuticals, As in those other types of
radiotherapy, simple information on the number of
paticnts and doscs may be the most suitable measure
of the secondary cffects of therapy with radiopharma-
ceuticals.

A. FREQUENCIES OF TREATMENTS

264. A number of diffcrent radio-pharmacecuticals are
uscd in the treatments of various discases, but the use
of 31 10 treat thyroid conditions predominates. Much
less frcquent procedures include the treatment of
polycythacmia vera with 32p and of hepatic tumours
as well as arthritis with %Y. Frequencies of thera-
peutic trcatments using radiopharmaceuticals in
countrics responding to the UNSCEAR Survey of
Medical Radiation Usage and Exposures are listed in
Tables 43 and 44, The population-weighted average
frequency of all treatments in 1985-1990 for countries
of health-care level T is 0.1 per 1,000 population; the
unwcighted average of reported values is 0.2. Consi-
dering statistical fluctuation, these estimates are hardly
different from the estimate of the UNSCEAR 1988
Report [U1], which was 0.4 per 1,000 population. In
conformity with other obsecrvations from the
UNSCEAR Survey of Medical Radiation Usage and
Exposures, the treatment frequencies at health-care
levels 11 and III are about an order of magnitude lower
than at level I. The distributions of the total
frequencies of treatments with radiopharmaccuticals
and the average annual frequencics of the main types
of treaument are illustrated in Figures IX and X.

265. The age- and sex-distributions of palients are
given in Table 45. As expected, thyroid disorders
occur more frequently in women. No differences in
the age or sex ratio of these paticnts can be detected
between health-care levels. As with tele- and brachy-
therapy, no trends with time in treatment frequencies
arc obvious.

266. Blaaubocer and Vaas [B6] have estimated that the
frequency of thyroid therapy courses using B3 in the
Netherlands is 0.35 per 1,000 population. This is
somewhat higher than the value of 0.097 per 1,000
population given in Table 44. There are no doubt large
uncertainties in estimates depending on the rcliability
of the underlying samples.

B. DOSES IN TREATMENTS

267. The average activitics administered in the
therapeutic use of radiopharmaccuticals are listed in
Table 46. The amounts used for similar treatments arc
comparable in most cases, although a 20-fold differ-
ence between the extreme values of activity can be
identificd for thyroid tumour treatment using B3y,

268. While this conventional treatment and its
properties are well known, some attention is being
given to potential problems with other therapeutic uses
of radiopharmaccuticals. Thus, since around 1980,
monoclonal antibodics labelled with €Y or 1251, for
cxample, have been used for radioimmunotherapy
(albeit apparently in few cases). In the present context,
the question has been raised whether better estimates
of bremsstrahlung organ doses are needed when
high-cnergy beta sources such as %y are used for
radiotherapy [W8]. In the case of %y, measurements
indicate (hat the bremsstrahlung doses are usually less
than 1% of the beta doses, but Williams et al. [W8§]
conclude that bremsstrahlung doses are not negligible.

269. Table 47 gives the absorbed doses to non-target
organs from 131 thyroid therapy in Japan in 1982,
using Maruyama’s data on activity and patient number
[M10] and the dose conversion factors for adults given
in ICRP Publication 53 [I5]. Using these data and an
approach similar to that of Beentjes [B19], it is
possible to calculate the effective dose equivalent and
effcective dose. In this case, there is a marked differ-
ence between Hg (180 mSv) and E (23 mSv), since
the higher absorbed doses appear in remainder organs.
The H value corresponds to about 530 man Sv, or a
per caput effective dose equivalent in Japan from
thyroid radionuclide therapy of about 4.4 uSv. This
demonstrates that radionuclide therapy contributes but
a small part of the per caput dose to the population.

270. Cox et al. [C18] state that radionuclide therapy
on pregnant women, particularly in unsuspected early
pregnancy, may be associated with much higher fetal
doscs than would be expected from current methods
for dose estimation.

C. WORILDWIDE EXPOSURES

271. The data in Table 43 indicate somcwhat lower
frequencies of treatments with radiopharmaceuticals
than were estimated in the UNSCEAR 1988 Report.
However, the data are broader-based than the earlier
data, The population-weighted average for 1985-1990
is 0.10 per 1,000 population in countries of health-care
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level 1, 0.02 per 1,000 population for level 11 and
0.025 per 1,000 population for level 111, The 1988
values [U1] were 0.4, 0.1 and 0.016 per 1,000
population, respectively, and for level IV, 0.008 per
1,000 population, mostly based on extrapolation from
diagnostic nuclear medicine frequencics.

272. As in the cvaluation of tele- and brachytherapy
in Scction IV.C, an extrapolated collective effective
dosc was cstimated analogous to that used by Beentjes
[B19] and based on the dose data for Japan given in
Table 47. This amounts to about 9,300 man Sv world-
wide, of which some 6,000 man Sv arise in countrics
of health-care level I (Table 48). Thus, the estimated
secondary effects from therapy with radiopharma-
ceuticals are negligible in comparison with those from
other medical radiation usage.

D. TRENDS

273. Indications are that 2!1 continucs to be used in
99% of therapics [Ul}. In the early 1980s, radio-
immunotherapy using monoclonal antibodies, which
concentrate selectively in tumours, was regarded as
"the magic bullet”, but the technique still seems to be
in development [G1]. A possible refinement is the
increased potential for and usc of boron ncutron cap-
ture therapy [A4, F11]. In this technique a compound

or monoclonal antibody is tagged with 198, Neutron-
irradiation of this target produccs 1B, which fissions
instantancously, yiclding alpha particles. The technique
will presumably affect only a few patients in the near
futurc, but it could lead 1o exposurcs of staff [S6].

E. SUMMARY

274. In therapy using radiopharmaccuticals, the
trcatment of thyroid conditions with B s by far the
most common procedurc. Polycythacmia vera is
treated with 32P, and some benign discases are
sometimes treated with radiopharmaccuticals. Although
new procedurcs may be introduced, they arc unlikely
to significantly alter current use patterns in the ncar
future.

275. The estimated frequency of treatments with
radiopharmaceuticals in countries of health-carc level 1
is 0.1 per 1,000 population. The frequencies are 20%
and 10% of this value in countries of health-care
levels II-11I and IV, respectively. The total number of
procedures performed worldwide is estimated to be
210,000 (Table 48). The collective effective dose from
such treatments (9,300 man Sv) corresponds to a per
caput effective dose of 1.8 uSv; it is a minor
component of the total effective dose from all uses of
medical radiation.

VI. EXPOSURES OF THE GENERAL PUBLIC

276. Incvitably, medical radiation procedures, like
other practices involving radiation, will cause some
inadvertent exposure of members of the general
public. There are difficulties in putting these exposures
into perspective, expressing the exposures per unit
practice, for example. There may be some merit in
continuing to consider the levels of health care in
countries. Most data arc available only for countrics of
health-care level I. Hence, to the extent that infor-
mation is at all available, the discussion below is
limited to doses to exposcd persons, numbers of cx-
poscd persons, and per caput doses obtained by aver-
aging ovcer populations.

A. DIAGNOSTIC X-RAY EXAMINATIONS

277. Itappears very rare that unintentional irradiation
of the general public from x-ray facilities occurs, with
the possible exception of certain uses of mobile
equipment. Use of portable equipment under field
conditions could cause some inadvertent exposures, if

proper shiclding has not been provided. Because of
thesc difficulties, the Basic Radiology System of the
World Health Organization has becn devised as
non-mobile equipment [W3].

278. Somc cxposure is possible of parents who are
requested to hold and/or calm children subjected to
x-ray examinations. Few publications address this
problem specifically, but it scems rcasonable to
assume that the doses per cxamination would be
similar 1o thosc cncountcred occupationally. Parcnts
would not be involved as frequently, nor for as long
times, as medical staff, so in most cases the integral
doses over longer periods of time should be lower
than those sustained by exposed medical staff.

B. RADIOPHARMACEUTICALS

279. There are few data on cxposures of the public
from use of radiopharmaccuticals, but the problem
could be larger than that corresponding to use of
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X rays, since the sources can be brought outside of the
clinic and beyond the radiation protection measures
present there. There are, in principle, two routes of
such cxposure: family members (or some other
individuals or visitors) could be cxposed to radiation
from radiopharmaccuticals in the patient’s body, and
radioactive wasles released inlo sewage systems or
deposited at refuse dumps could increase background
cxposures. Excretion of radionuclides from paticnts, as
well as radioactive waste from hospitals and cxposures
duc to radioisotope production, are cvaluated in
Anncx B, "Exposures from man-madc sources of
radiation”. However, cxposures of members of the
public from radioisotopes present in the bodies of
patients arc considered in this Anncx. The
contamination of restroom facililies in hospitals, is
reviewed by Ho and Shearer [H16].

280. The problem of radiation from radiopharma-
ccuticals present in patients is not trivial if the paticnt
is a small child or a parent to a small child. In such
cases, family members are likely to be moderately
cxposcd. However, estimated doses to family members
arc low, usually below 1 mSv, in diagnostic practice,
even if the persons involved are in close bodily
contact more or less continuously [M3, M28].
Lcucocyte scans with My constitute a possible
exception where special actions may be necessary, if
doscs cxceeding about 1 mSv are to be avoided
[M27). Equivalent dose rates from patients undergoing
some typical examinations are given in Table 49 [N6].
The dose rates arc of course higher, and the problem
can be much more difficult in therapy cases (sce
Section C below).

281. A study concerning diagnostic nuclear medicine
referred to the situation in the United States [B12].
Paticnts were equipped with dosimeters in order to
estimate the effective dosc ecquivalents to critical
groups (family members and co-workers) as well as to
the entire population. For practical reasons, the
dosimeters were put on the patients rather than on the
members of the critical groups themselves, and then
dosces to critical groups were computed using suitable
modcls. The average effective dose equivalents to
mcmbers of critical groups were 7-20 4Sv annually,
and the per caput effective dose cquivalent 10 a
member of the general public was 0.4 uSv annually
[B12]. Since the population of the United States is
about 250 million, even this very low individual figure
carresponds to a not negligible collective cffective
dose cquivalent of some 100 man Sv (the estimate is,
of course, not very precise).

282. Ofien, paticnts have to wait between injection
and imaging. In some countries, such as the United
States, separate waiting rooms are recommended for
injected patients, but in other countries this is not the

casc. Harding ct al. [H26] studied doscs incurred by
relatives, other staff and accompanying nurses in the
waiting room at a hospital in the United Kingdom.
Mecdian doscs were about 2 uSv or less, with a
maximum (for a relative) of 33 uSv. Similar
conclusions were drawn by Siewert [S4] for the
Federal Republic of Germany.

283. One aspect of inadvertent exposures is that
breast-fed infants may be exposed via excretion of
radiopharmaceuticals in milk of examined mothers.
Many studies have been made of this subject (e.g.
[T4]). A number of references appear in reports of
NCRP and UNSCEAR [N1, U1]. Table 50 shows that
in some cases, the effective dosc cquivalent to a
breast-feeding child could be two orders of magnitude
higher than that to the mother [IS, J1]. On the other
hand, the concentrations of a radiopharmaceuticals in
milk usually decrease very rapidly to insignificant
levels. Discarding the first, or the first few, milk
fractions during the day of administration, thus,
usually renders the dose to the infant negligible (a
small fraction of a mSv) [J1]. Fibrinogen tagged with
1251 is a rare exception, where breast-feeding within
three weeks can lead to effective dose equivalents to
infants of 10-15 mSv, with a concurrent effective dose
equivalent to the mother of about 0.5 mSv [J1].
Inadvertent exposure of the fetus is possible in cases
of undeclared carly pregnancy. Uterine doses, relevant
in such circumstances, arc available in ICRP
Publication 53 [I5].

284. Litle is known about the geographic variations
of exposures of the gencral public from diagnostic
nuclcar medicine practice. The number of examina-
tions are higher in developed countries, and it seems
safc 1o assume that the doses incurred in the United
States due to radiation from radiopharmaceuticals in
patients (0.4 uSv per caput annually [B12]) represent
the upper end of the possible dose range.

C. RADIATION THERAPY

28S. If potential exposurcs due to accidents or
incorrect shielding of facilitics are disregarded, the
main cxposures to the general public may be due to
radialion from patients undergoing brachytherapy.
Approximate dosc rates around the beds of such
paticnts have been computed, for example 0.3 mSv b}
at 1 mand 0.1 mSv h™! at 2 m from a paticnt contain-
ing 3,700 MBq '¥7Cs or 5,500 MBq 3! [S14]. It is
worth noting that afterloading is probably very
uncommon in countries of health-care levels 11 to IV,
which means that doses to the public (and to staff)
may be higher per treatment than in countries of
health-care level 1. Dose rates of 0.01 mSv h™! have
been observed in rooms above or below a brachy-
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thcrapy paticnt’s room in a hospital in the United
States {B14]. Proper shiclding reduccd this dosc rate
by some 20%-45%. Although thc authors primarily
dcal with doses to stafl, members of the public (other
paticats, visitors, staf( not invelved in radiation work)
could also be cxposcd to these radiation ficlds.

286. Thus, given a suitable set of conditions, public
exposure could be modelled. In the United States
study just discussed [B14], the model chosen sug-
gested that shiclding reduced inadvertent exposure of
staff and public by 0.0006 man Sv per avcrage
brachytherapy. Of this exposure reduction, 0.00025
man Sv was occupational, so the public exposurc
without extra shielding should be at most (total minus
occupational)/(remaining fraction of dose ratc) =
(0.0006 - 0.00025)/(1 - 0.45) =0.0006 man Sv.On the
very approximate assumption that all brachythcerapy
causes doses similar to the doses in 3’Cs gynacco-
logical treatments at the specific hospital in the United
States, and that the average frequency of brachy-
therapy for treatment of malignancics in countries of
health-care level I is 0.08 per 1,000 population (sce
Table 42, assuming one third of total treatments are
brachytherapy), the per caput dosc to the gencral
public duc to brachytherapy in countries of health-care
level T would be some 0.05 uSv.

287. The problem of radiation from radiopharma-
ccuticals in the bodies of patients undergoing therapy
is more complicated than in diagnostic nuclear medi-
cine. Relatively few paticnts are involved, but the
activities are high enough to cause doses that could
exceed a few mSv 1o exposed members of the public.
Hence, various precautions against inadvertent expo-
sure of fellow patients or family members ar¢ common
[C21}. As an cxample, Koshida ct al. [K18] suggest
that 131 therapy patients should not be discharged
from the hospital unless the maximum residual activity
is less than 510 MBq, the patient’s children are aged
over 1 ycar and they keep at a distance of at least
50 cm. In a later paper, they rcduced this value to less
than 100 MBq [K28]. For the patient to return to the
genceral ward, or for the patient to be discharged from
the hospital when children are younger and/or will be
closer than 50 cm, stricter recommendations apply.

288. Approximate dose rates around the beds of such
paticnts are similar to those given above. Further
illustrations showing how such dosc rates change duc
lo radioactive decay after 1311 administration can be
found in Orito ct al. [0S, O6). Family members may
wish to ignore radiation exposure in order 1o be able
to spend as much time as possible with the patient
[H18]. Other problems in the therapeutic usc of
radiopharmaccuticals are the same as those for
diagnostic uses.

D. VOLUNTEERS IN MEDICAL RESEARCH

289. The Commitice has not previously been able to
cvaluale the doses 1o healthy voluntcers in medical
rescarch. Such volunicers might be considered a small
subgroup of the general public. Data on these expo-
sures are not rcadily available, but some statistics for
the Federal Republic of Germany and for the United
Kingdom arc prescnted in Table 51. German regula-
tions are somewhat different for three types of re-
scarch (general medical research using labelled com-
pounds, clinical trials of pharmaccuticals labelled for
some specific purpose during the trial, and trials of
radiopharmaccuticals), hence the separation of the
corresponding volunteer groups in Table S1. This
Table clearly shows that the number of volunteers is
small enough not to dominate the collective dose to
the general population, but it is theorctically possible
that some individual doses could be relatively high
(i.c. comparable to the dosc limit for radiation workers
of 50 mSv in a single ycar). It should be remembered
that radioactive labelling in research projects may
differ from that normally encountered in radiopharma-
ceuticals, and can include long-lived nuclides such as
e [L26]). Onc difficulty may be 1o identify the
volunteers. In diagnostic use of x rays, cxtra exposures
may be given to patients for rescarch purposes, thus
making it difficult to distinguish patients and
volunteers.

290. Some factors act towards rcducing doses to
volunteers, Ethics committces that cxist in many
countries, albeit with varying regulatory status, usually
atlempt to prevent unnccessary exposure of volunteers.
The 1990 recommendations of the ICRP [I8] suggest
that appropriate national bodies might consider dose
constraints for volunteers. Such constraints would
truncate the upper end of the dose range, thus reducing
the average dosc to voluntcers. Even formal limits
have been discussed (Canada [C7]) or implemented
(the Federal Republic of Germany [K9)} and the United
States [U16]), in spite of objcctions [P6] that dose
limits are inappropriate in medical research. To the
extent that such limits are uscd, they can be expected
to rcducc the average of doses to volunteers, by
cutting off the upper tail of the dose distribution.

E. SUMMARY

291. While x-ray cxaminations arc morc frequent,
examinations and therapy with radiopharmaccuticals
constitute the more important route of exposurc of the
general public. The annual per caput effective dose
equivalent caused to members of the public by patients
with radionuclides in their bodies is estimated to be
0.4 uSv or less.
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VII. EXPOSURES FROM ACCIDENTS IN MEDICAL RADIATION USAGE

292. Most of the available rcports on accidents arc
casc studies of particular events. So far, the material
permits little in the way of cstimating of the accident
frequency per unit population or per unit of practice.
It must be emphasized that all of the frequency esti-
mates given below are highly imprecisc and, owing to
crratic reporting, arc very likely to be underestimates.

293. Accidents in diagnostic x-ray ecxaminations arc
not likely to have grave individual consequences. Of
the 38 incidents of paticnt overexposure due to faulty
radiation cquipment that were reported to the United
Kingdom Health and Safety Executive between 1986
and 1990, 30 involved diagnostic x-ray equipment. In
these incidents, about 760 paticnts (about 0.003 per
1,000 population annually, corresponding to about 6
per million x-ray examinations in the United King-
dom) were overexposed, with effective dose equi-
valents from 0.5 to 13 mSv and a collective effective
dose equivalent of some 5 man Sv [G10).

294. In nuclear medicine misadministrations occur,
sometimes with fatal results [M29]. The extravasation
of correctly measured but incorrectly injected
radiopharmaceuticals can also lcad to radiation injury
[S50). In the United States about 75 misadmini-
strations in therapy and about 1,300 misadministrations
in diagnostic nuclear medicine arc reported annually
(in all, about 0.006 per 1,000 population annually, or
about 140 per million nuclear medicine examinations
in the United States). Some 40 of these concern Bl
which can casily be injected in therapeutic quantity
[N13]. About 95% of all diagnostic misadministrations
involve the correct prescribed activity but the wrong
radiopharmaceutical or the wrong patient.

295. While various accidents in tcletherapy have
causcd lethal damage, the scrious underexposure of
cancer patients may also well have led to fatal results
[S51]). Tt is very difficult to asscss the frequency of
these accidents. Apart from the general problem of
underreporting, thesc particular accidents are so rarc
that it is a problem to establish a baseline population
or lime period. Arias [A14] discusscs three tcletherapy

accidents: Texas, United States, 1986, where two
patients died of overexposures from a linear acceler-
ator; Maryland, United States, 1987-1988, where 33
paticnts were overexposed by up to 75%; Zaragoza,
Spain, 1990, where 27 paticnts 14 of whom dicd, were
overexposed from a lincar accelerator. Distributing
these 62 paticnis over the combined population of
Spain and the United States and, rather arbitrarily,
over 10 years, there would be some 0.00002 victims
annually per 1,000 population, or about 10 per million
therapy procedurcs. A scparate kind of accident can
occur if a disused teletherapy source is removed from
the hospital and the public is exposed. A well-known
example, the Goiania accident, is discussed in Annex
B, "Exposures from man-made sources of radiation”.

296. The Europcan Federation of Medical Physicists
has initiated a scheme to share information about
accidents to patients. So far, only radiotherapy
accidents have been reported, Reports obtained to date
from Czechoslovakia, the Fedcral Republic of
Germany, Norway, Poland, Russia, Spain, Turkcy and
the United Kingdom indicate that 1,344 patients in
these countrics were exposed to higher than prescribed
doses and 989 patients to lower than prescribed doses
between 1982 and 1991 [H19]. These 134.4 patients
annually would correspond to some 0.0003 victims per
1,000 population (the number is of course higher than
that given in the preceding paragraph, which deals
exclusively with grave accidents).

297. A total of 91 incidents concerning ionizing
radiation were reported in the Federal Republic of
Germany in 1990 [B7]. Of these, 21 had some con-
nection to medical uses of radiation. Radiopharma-
ceuticals for diagnostic purposes were lost or stolen in
cight cascs. There were various failures of remote
afterloading equipment for brachytherapy in nine
cases, failure of linear accelerators in two cases,
failure of one gamma telctherapy device and lcakage
of faeces contaminated with 1311 from the drain of a
therapy ward in one case. There were minor exposures
of staff in five of the afterloading events. No exposure
of paticnts took place in any of the 21 events.

CONCLUSIONS

298. The use of ionizing radiation in medical
diagnostic and therapeutic examinations and treatments
convey radiation doses to the individuals involved
along with direct benefits in health care. Because of
widespread usage of radiation and radioactive

materials in medical procedures, the collective dose 10
the world population is significant. With additional
information available on radiation cxposures of
patients, particularly that received in response to the
UNSCEAR Survey of Mcdical Radiation Usage and
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Exposures, improved estimates of worldwide

exposurcs can be made.

299. The Committee has previously cxtrapolated
available data on mcdical radiation usage to the entire
world on the basis of the number of physicians per
1,000 population, a statistic that is available for all
countrics. This procedure has been maintained for the
analysis of this Anncx. Four levels of health care are
defincd to characterize medical radiation usage.
Relatively complete data are available on examination
and trcatment frequencies for countries of health-care
levels I and II. At health-care levels III and, in
particular, IV, information is still insufficient in many
respects, although the contribution to the worldwide
collective dose from these countries is small.

300. There are indications that exposurcs of
populations from the diagnostic and therapcutic uses
of ionizing radiation are increasing worldwide. Much
of this increase can be justified on clinical grounds,
particularly in developing countries, where medical
services are obviously not yet sufficiently available.
The general trends observed with time and between
levels of health care cannot be usced to anticipate
particular  conditions in  individual countries.
Circumstances vary widely, and national trends may
differ greatly from the average trends. Nevertheless,
the averages for scveral countrics of cach level of
health care and for five-year time periods should be
rcasonably representative, i.e. the conclusions drawn
here about worldwide exposures should be generally
valid.

301. For countrics of health-care level I, the
population-weighted estimate of the frequency of
diagnostic medical x-ray examinations (890 per 1,000
population) is slightly higher than the estimate in the
UNSCEAR 1988 Report (800 per 1,000 population),
although it seems unlikely that the difference would be
statistically significant. Thus, at health-care level I, the
total frequency of all x-ray examination was relatively
constant during the 1980s. Reduced rates of increase
or, in a few countrics, decrcases are due to the
introduction of alternative methods, such as ultrasound
and cndoscopy. For countries of health-care levels 11-
IV, examination frequencics appear lo be increasing,
as cxpected on the basis of nceds for the scrvices and
on demographic trends.

302. The estimated per caput effective dose equivalent
from x-ray examinations at health-care level I is
1.0 mSv, unchanged from the estimate in the
UNSCEAR 1988 Report [Ul]. Some cxaminations
with higher doses, such as computed tomography, are
becoming more {requent. At the same time, however,
betier cquipment and techniques are allowing doses in
other examinations to be reduced. From the wider

database available, the per caput cffective dose
cquivalents at levels 1T and HI-IV are estimated to be
0.1 and 0.04 mSv (previously 0.2, 0.07 and 0.03 mSv
at levels 111V, respectively [UI}). The use of
fluoroscopy for chest examinations has been clarificd
for China (level II), but the prevalence of this
procedure, which gives higher dosces, cannot be certain
for other countries at health-care levels 11-1V.

303. The cstimated cffective dose cquivalent from
diagnostic nuclear medicine examinations increased in
countries of hcalth-care level I (0.09 mSv compared
with 0.05 mSv previously [U1]) and also in countries
of health-care levels II-IV (0.008 mSv compared with
less than 0.004 mSv previously [U1]). The estimate
for developing countries is higher, since it has become
clear that the main radionuclides being used there arc
long-lived ones. However, the radiological impact of
diagnostic nuclcar medicine remains small in
comparison with that of diagnostic x-ray examinations.

304. For tele- and brachytherapy, the treatment
frequencies reported in the UNSCEAR Survey of
Medical Radiation Usage and Exposures are lower
than those obtained in 1988. This is interpreted as
sampling variation as the trecatment frequencies are no
doubt continuing to increase. The primary measure of
the impact of therapy on the population used here is
simply the number of patients treated. In addition,
estimates of the effective dose and the collective
effective dose are shown for illustrative purposcs.
Therapy with radiophbarmaceuticals appears to be
slightly less frequent than had previously been
estimated [U1]. The frequencies of treatments world-
wide are estimated and the effective doses calculated.

305. The estimated doses to the world population
from all medical uses of radiation are summarized in
Table 52. The per caput cffective dose cquivalent from
diagnostic cxaminations ranges from 1.1 mSv at
level I to 0.05 mSv at levels 1I-IV. The worldwide
per caput cffective dose cquivalent is 0.3 mSv. From
therapy trcatments, the per caput effective dose
cquivalents computed from scattered radiation in
non-target organs are estimated to be 0.7, 0.2, 0.03
and 0.02 at levels I-IV, respectively and 0.3 mSv
worldwide. The collective effective dose equivalent
from diagnostic cxaminations is cstimated to be
1,800,000 man Sv, with nearly 90% from x-ray
cxaminations and the remainder from nuclear medicine
and dental examinations. The collective effective dose
from therapeutic treatments is estimated to be
1,500,000 man Sv, but this is not strictly comparable
to other doses.

306. Effective doscs 1o patients from medical uses of
radiation cannot, in general, be used dircctly in
calculations to infer detriment. In Section 1.B, various
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problems with the cstimation of detriment from doscs
to paticnts were mentioned. For therapeutic uses of
radiation, an added difficulty is that much of the
sccondary effects arc not cancer or hereditary discase
but dcterministic radiation harm.

307. Much, and optimally most, of the collective dose
from medical uses of radiation is of(sct by direct bene-
fits to the cxamined or treated patients. There are two
basic ways to reduce the risks of radiation detriment
lo paticnts: (a) by reducing the collective dose by
lowering the number of patients exposed to ionizing
radiation or (b) by reducing the individual dose in

particular procedures. The number of patients exposed
can be Jlowcred by using strict referral criteria. Guide-
lincs on the sclection of patients for various x-ray
cxaminations have been given [R26, 82, U11, U12,
U13, U14, U15]. Referral criteria that arc particularly
appropriate for radiology in developing countrics are
given by WHO [W23, W24, W25, W26]. The usc of
alicrnative mecthods, such as ultrasound and cndo-
scopy, also reduces the number of exposcd paticnts.
The dose per procedure can be reduced if the pro-
cedure is optimized and if quality assurance pro-
gramimes are scl up to climinate deviations from the
optimum.

e



ANNEX C: MEDICAL RADIATION EXPOSURES 269
Tabhle 1
Medical radiation facllities
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated
Population Number Diagnastiic x-ray units Teletherapy units Nuclear
Country Year of radio- - medicine
(thousands) logists Medical Dental X-ray Q¢ 0, ey Acceloators clinics
Heallh-care level 1
Argentina 1985-1989 33000 2981t 5705 18361 235 95 10 390
Australia 1970-1974 12550 420 2107
1985-1989 16260 1320 6000 7100 36 15 35 66
Austria 197N 7535 132
Belgum 1986-1990 9921 1021 21 39 20 107
Buignria 1980 8862
Canada 1985-1989 25309 1900 23000 16500 130 3] 58 265
Costa Riaa 1989 977 1
Cuba 1988 10402 632 900 13 1 1
Czechoslovakia 1970-1974 10023 480 1800 2400
1081-1985 10320 892 2000 2600 B8 46 7 39
1986-1990 10350 932 2100 2700 78 52 11 43
Denmark 1986-1990 5300 250 1800 4500 10 2 2 30
Ecuador 1985-1989 10500 128 430 640 6 8 0 13
Finland 1970-1974 4610 220 36
1980-1984 4820 380 2200 3200 31 7 11 51
1985-1989 4930 400 2100 3900 24 3 21 52
France 1982 54219 13998
1987-1990 55632 19548 32438 316 147 548
German Dem. Rep. 1975-1978 16800 700
1985-1988 16600 1000 3300 3400 60 9 24
Germany, Fed. Rep. 1980-1984 59200 196 111
1986-1990 62700 3100 185 129
Greece 1980 2643
leeland 1987 245 24 65 1 1
Ircland 1988 3538
lialy 1985 57355 17400
Japan 1970-1974 110044 5742 56607 31612 1113 359 548
1980-1984 118693 11890 56962 34916 558 108 885
1985-1989 122264 11754 61345 40005 440 a41 1091
Kuwai 1970-1974 1310 172 40 3 2 0
1980-1984 1557 61 230 62 2 2 0
1965-1989 1856 105 288 95 2 2 1
Lihyan Arab 1977 2598
Jamahutiya 1986-1990 4000 325 1
Luxembouwg 1988 kYD 22 144 155 3 1 0 3
Malta 1970-1974 320 4 10 1 2 0 0
1980-1984 325 6 16 2 1 2 0
1985.1989 134 [ 25 3 1 1 0
Netherlands 1980-1984 14300 650 3000 6000 150 6 35 70
1985-1989 14600 38
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Tuble 1 (continued)

Population Number Diagnastic x-ray units Teletherapy units Nuclear
Country Year of radio- medicine
(thowsands) | logisis Medica! | Dental X-ray co, P7Cs | Accelerators clinics
New Zealand 1970-1974 2920 102 563 789 41 8 2 6
1980-1984 3202 141 635 930 33 8 [ 9
1985-1989 3320 161 688 987 23 8 7 9
Norway 1970-1974 3900 200 2000 3000 180 1 3 15
1980-1984 4100 320 2400 4200 36
1985-1989 4200 350 2200 5000 50 2 13 39
Poland 1985-1989 31572 1500 6793 1289 92 30 21
Portugal 1988 9778 323
Romania 1980 2201 975 2746 1100 202 20 2 39
1985-1989 23000 975 2746 1100 202 20 2 39
Singapore 1985-1989 2647 4 20 6 1
South Africa 1986 32500 13 25 10
Spain 1985-1989 38558 1645 9000 18000
Sweden 1970-1974 8129 542 2700 5500 31 23 12
1980-1984 8327 645 2400 12500 24 17 by 125
1985-1989 8414 920 2000 12900 2 14 33 120
Switzerland 1972 6193 92 6000 4000 25 6
1982 6335 173 7500 5500 150 26 14 43
1990 6509 8000 6000 120 19 20 43
USSR 1980 265542
1988 283682
USSR, RSFSR 1976-1980 136528 15860 24760 2880
1981-1985 140228 16770 29550 3680
1986-1990 146237 17080 31550 4840
United Kingdom 1981-1985 54600 1600 11000 288
United States 1970-1974 213669 12216 97788 110974 3441
1980-1984 234238 12595 129695 187772 3299
1985-1989 248630 12381 108903 142699 1324
Uruguay 1978-1982 2908 33
Venczuela 1978-1982 15024 150
Yugosiavia 1970-1974 4776 318 99 7 2 5
1980-1984 10788 568 239 6 6 1 2
1985-1989 18681 1624 741 27 14 10 36
Health-care level 11
Algeria 1986-1989 2200 4 3 1
Barbados 1980-1984 250 2 1 0 1
1985-1989 250 S 20 1 2 1 0 1
Bolivia 1978-1982 4613 m
Brazi} 1982 127100 13400 230 50 38 68
1990 150238 12432 10500 1399 99 133 147
Ghile 1988 12748 [} 2
China 1970-1974 27056 734 315 315 4 1 0 4
1981-1985 1010000 81500 68300 37 250
1986-1990 1080000 120000 120000 600 80 264
Chins, Taiwan Prov. 1990 20300
Colombiz 1978-1982 25892 1811
Dominican Republic 1981 5648 n
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Table 1 (continued)
Population Number Diagnastic x-ray units Teletherapy units Nuclear
Country Year of radio- medicine
’ (thowsands) | logists | Medical | Denial Xray | ¥Co, ¥Cs | Aceeloaors | clinics
Ecuador 1970-1974 6522 30 155 9 2 3 0 S
1980-1984 8129 83 308 350 6 7 0 10
Guatemala 1990 8660 2 4
Honduras 1990 5049 10 51
India 1985-1989 T16000 4000 45000 151 11 94
Lran (Islamic Rep. of) 1980 38345
lrag 1985-1989 17250 1 3 3 3 1
Jamaica 1970-1974 1900
1985-1989 2409
Mauitius 1986-1989 1040 1
Mexico 1986-1990 82734 78 102
Nicaragua 1981 2844
1990 3820 6 35
Paraguay 1978-1982 3168
T
Peru 1980-1984 18000 1390 1654 20 8 1 20
1985-1989 20000 150 2400 1836 20 1 1 30
Turisia 1985-1989 7500 88 740 451 0 3 1 3
Tuwkey 1986-1990 57000 1077 3500 5000 24 30 10 42
Health-care level IIT
Belize 1990 183
Cape Verde 1985-1989 330 1 1 1 0 0 [1] 0
Congo 1986-1989 1700 1 1
Djibouti 1985-1989 383
Dominica 1990 n 1 4 5
Egypt 1988 51897 320 n 60 2 pol 9 3
Gabon 1986-1989 1000 1
India 1970-1974 $60000 62 34
Kenya 1988 23883 H 2 1
Libenia 1980-1984 1650 24
1986-1989 2200 1 1
Moroceo 1986-1989 24300 2 3
Myanmar 1979-1980 35712 35
1981-1985 3908 43 328 15 3 6 1 1
Nigeria 1977.1983 80556 900
1956-1989 91200 3 2
Philippines 1985-1989 54000 441 1538 25
Saint Lucis 1990 150 1 9
Sri Lanka 1979 14647
Sudan 1984 21218 141
1986-1990 20000 38 210 30 1 2 1 1
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Table 1 (continued)

Population Number Diagnastic x-ray units Teletherapy units Nuclear
Couniry Year of radio- medicine
(thousands) logists Medical Dental X-ray Do, Pcs Acceleraiors clinics
Thailand 1976-1980 45156 140 987 159 50 10 0
1981-1985 49723 290 1419 239 35 20 1
1986-1990 54799 440 188! 493 29 30 5
Vanuatu 1985-1989 137 0 6 3 [1] ] (] 0
Zimbabwe 1986-1989 8600 3 3 1 1
Health-care level IV
Cameroon 1956-1989 9700 1 3
Cote d'lvoire 1977 7088
Ethiopia 1981-1985 46000 1
1986-1990 50000 1
Ghana 1977 10808 108
Madagascar 1986-1989 10000 1
Mozambique 1986-1989 14550 1
Rwanda 1970-1974 4040 0 26 2
1988-1990 6950 2 30 3
Scnegal 1986-1989 6700 1 1
Uganda 1986-1989 16600 1
United Rep. of 1986-1989 21700 7 2
Tanzania
Zaire 1986-1989 32500 1

The entries in this Table are qualified as follows:

Algeria:
Argentina:
Austria:
Barbados:
Brazil:

Cameroon:
Canada:
Chile:
Congo:
Cuba:
Dominica:
Egypt:

France:
Gabon:

German Dem. Rep.:

Germany:

Honduras:
Iceland:
India:
Irag:

Kenya:

Liberia:

Libvan Arab Jamahiriva:

Madagascar:
Mawritius:
Morocco:
Mozambique:

Data from IAFA (Intanational Atomic Encrgy Agency) and from [Ul, U7}

The numbet of radiologists cxcludes 2,149 non+adiologist physicians licensed to use x rays.

The value given for puclear medicine clinics is the estimated number of scanners/cameras.

Data also from PAHO (Pan Amcrican Health Organization).

Survey response published as [A11]. Data also from {C14, D4, Ul]. Number of radiologsts includes 200 radiotherapists and 232 nudear
medicine specialists. Number of nuclear medicine clinics for 1982 is estimated from number of scanners/cameras (207); number for 1990
includes 450 scanness/cameras; 401 further units do in vitro work only. Number of o, 137Cs teletherapy umits exclude 7 non-operative
units; number for accelerators exdudes 10 non-operative units.

Data from 1AEA (International Atomic Energy Agency)and from (U1, U17).

The numbers given for 80co, ¢ telethcrapy units represents licensees, some probably with more than onc unit.

Data from PAHO and from [U17).

Data from lAEA and from {U1, U17).

Dats from PAHO and from [U17].

Data from PAHO.

Numbers of radiologists, diagnastic x-ray units and clinics estimated from Kasr-Et Tini Centre, which serves ca. 25% of patents using
radiation. Data or therapy units from IAEA

Data from [M40, S17]. The numbers given for diagnostic x-ray units exclude 339 military medical and dental units.

Data from 1AEA (International Atomic Energy Agency) and from [U1, U17}.

40% of all x-ray examinations are performed by non-raciologist physicians. The 3300 x-ray units (generators) in 1985-1988 correspond
10 5100 tubes,

55% of all x-ray examinations are performed by non-radiologist physicians, 75% of disgnostic nuclear medicine is performed outside
specialized clinics.

Data from PAHO (Pan Ametican lHealth Organization).

Data also from [L16, S14).

The number of radiologists cxcluded 31,000 non-speaialist physicians using x rays.

Data also from [UL, U17}. Other entries than population size refer 10 the Institute of Radiology and Nuclear Medicine, Baghdad, which
serves an unknown fraction of the population.

Data from 1AEA and from (U1, U17).

Data from IAEA end from (U1, U17}.

Data from 1AEA and from [Ul, U17].

Dats from 1AEA and {ram [U1, U17].

Daa from [D16, U1, U17).

Data from 1AEA and from [U1, U17).

Dats from [D16, Ut, U17).
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Table 1 (continued)

New 7ealand:

Nicaragua:
Nigeria:
Philippines:
Portugal:
Saint Lucia:
Senegal:
Singapore:
Sowh Africa:
Spain:
Sweden:
Switzerland:
Turisia:
Uganda:
USSR:

USSR, RSFSR:
United Rep. of Tanzania:

Yugosiavia:

Zimbabwe:

Numbet of radiologsts includes 9, 22 and 28 radiotherapists and 4, 7 and 7 nuclcar medicine specialists in 19701974, 1980-1984 and
1985-1989, respectively. Number of medical x-ray units includes 9, S and 0 mass miniature chest units and 70, 80 and 85 chiropractice
units in 1970-1974, 1980-1984 and 1985-1989, respectively.

Dats from PAHIO,

Date from 1AEA and from {U}, U17).

Number given for diagnostic medical and dental x-ray units represent facilities.

Data from [C15).

Data from PAHO.

Data from IAEA and from [U], U17)}.

Population size from {U17). Other eatries refer 10 the National University Hospital, which serves 2n unknown fraction of the population.
Data from 1AEA and from {U1, U17].

The number given for diagnostic x-tay units for medical examinations excludes units in which fewer than 1,000 examinations per ycar
are performed.

Data also from {S21}. Number of radiologists includes 82, 120 and 155 radiotherapists in 1970-1974, 1980-1984 and 1985-1689,
respectively. X-ray teletherapy units excludes Bucky units.

Besides radiologists, all generalists, surgeons, inlernists, paedistricians (sum 1982: 5,970) and dentists (number 1962 2,728) are heensed
to use x rays.

Data also from [G16]. Number of radiclogists includes forcign doctors; of the 76 Tunisian doctors, 4 were radiotherzpists, 3 nuclcar
medicine specialists. Accelerator not taken into use (1990).

Data from {D16, U1, U17}.

Data aiso from [U17).

Data for one republic, the Russian Soviet Federative Socialist Republic. Radiologists include diagnostic x-tay specialists only.

Data from IAEA and from [B18, U1, U17).

1970-1974 data include Bosnis snd Herzegovina and Slovenia; in 1980-1984, data include Bosaia and Herzegovina, Croatia and Slovenia;
1985-1989 data include all of Yugoslavia except for Montenegro, Kosovo and Vojvodina.

Data from IAEA and from {D16, Ul, U17).

Table 2
Average number

Data from UNSCEAR Survey of Medical Radiation Usage and Exposures

of medical radiation facilities per 1,000 population by health-care level

Medical radiation siaff | Health-care level
e . Year
facilisies ! n nr v
Radiologists 1970-1974 0.062 0.023
1980-1984 0.076 0.064 0.004
1985-1990 0.072 0.041 0.006 0.0003
Medical x-ray units 1970-1974 0.45 0.014 0.0006
19580-1984 0.38 0.071 0.016 0.010
1985-1990 0.3§ 0.086 0.018 0.004
Dental x-ray units 1970-1974 0.44 0.012 0.00004
1980-1984 0.46 0.077 0.005
1985-1990 0.38 0.086 0.003 0.0004
Therapy x-ray units 1970-1974 0.014 0.0002
1980-1984 0.013 0.0017 0.0007
1985-1990 0.0048 0.0050 0.0001 0.0001
Cobalt 60 therapy units 1970-1974 0.0031 0.0001 0.0001
1960-1984 0.0034 0.0004 0.0004
1985-1990 0.0026 0.0004 0.0002 0.00009
Accelerators 1970-1974 0.00:0
1980-1984 0.0012 0.0001 0.00002
1085-1990 0.0020 0.0001 0.00009
Nuclear medicine clinics 1970-1974 0.0048 0.0003 0.0001
1980-1984 0.0066 0.0003
1985-199¢ 0.0078 0.0003 0.00005 0.00002
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Table 3

Annual medical radiation examinations and treatments
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated

Diagnastic examinaiions

Therapeutic treaimenis

Country Year (thousands) (thousands)
Medical Dental Radio- X-ray Tele- Brachy- Radio-
x roys x rays isotopes therapy therapy therapy isotopes
Health-care level 1
Argentina 1985-1989 415 2.0 6.0 53
Australia 1670-1974 4634 1000 52 499 ¢
1985-1989 9149 112 5.4 4.4 17.5 24
Belgium 1986-1990 12112 2855 365 3.0
Canada 1970-1974 18880 ® 432°
1985-1986 26563 © 519 ¢
Cute 1988-1990 6396 10 23° 0.5 0.4
Czechoslovakia 1976-1980 11112 T20 660 0.9 29 0.2 49
1981-1985 10882 883 943 0.6 3.6 0.2 6.2
1986-1990 9498 884 1183 0.3 3.7 03 9.4
Denmark 1985-1989 2600 2400 72 7.0 1.0 0.6 0.1
Ecusdor 1985-1989 530 65.4 8.5 0.5 0.9 0.2 0.07
Finland [R16] 1977 5100 955 59 15
1984 4600 85 1.8
1986-1987 4300 1100 100 0.7°
France [L20, M49] 1982 45350
1988-1990 55060 387
German Dem. Rep. 1974-1978 19000 2500 115
1981-1988 19000 2500 160
Germany, Fed. Rep. of 1976-1980 1899
1981-1990 71600 16600 2450
laly 1974 400
1983-1985 42700 579
1989 551
Japan 1970-1974 73064 91500 168 132 1656 15.5 44
1980-1984 96300 99040 541 13 1762 13.6 3.0
1985-1989 141500 95768 989
Kuwait 1985-1989 1137 190 243 0.3 0.9 0.02 0.03
Luxembourg 1988 294 69.1 9.2 3.4 4.0 0.03 0.07
Malta 1970-1974 332 0.9 0.1 0.2 0.01
1980-1984 84.7 23 0.1 04 0.01
1985-1989 110 32 0.1 0.5 0.01 0.03
Netherlands 1980-1984 7900 5700 200 25 23 1.1 1.5
New Zealand 1970-1974 1790 -~1000 18.9 39 3.2 03 0.5
1980-1984 2263 259 1.5 6.0 0.3 0.6
1985-1989 2114 913 245 1.1 8.6 0.2 0.5
Norway 1970-1974 1600 2500 16.0 1.0 0.08
1980-1984 2200 3300 36.0 03
1985-1989 2200 3500 39.0 0.04 0.6
Poland 1985-1989 24949 2300
Porntugal [C15, S52f 1988-1989 5900
Romania 1980 13205 706 66.9 339 38 0.1
1985-1989 9.1 4.8 1.5 1.2
1990 10688 704 55.8 111 46
Span 1986-1990 22290 9000
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Table 3 (continued)
Diagnastic examinations Therapeulic ireatments
’ (thousands) (thousands)
Country Year
Medical Dental Radio- X-ray Tele Brachy- Radio-
x rays x rays isotopes therapy therapy therapy isolopes
Sweden 1970-1974 4800 3600 .0 6.8 9.2 20 27
1980-1984 4700 7000 128 22 114 1.6 33
1985-1989 4400 7000 122 1.6 133 1.5 3.6
Switzerland 1972-1976 6446 1834 284 9.8
1982 6582 2059
USSR 1981 254400
USSR, RSFSR 1976-1985 136800 8570
1986-19%0 144250 11740
United Kingdom 1976-1980 22700 6055
1981-1989 25230 9000 369 150 11
United States 1985-1989 200000 100000 6783
Yugoslavia 1985-1989 3350 83000 140 15.1 50.2 20 24
Health-care level 11
Barbedos 1980-1984 0.2 0.1 0.3 0.04 0.02
1985-1989 542 0.3 0.1 03 0.05 0.04
Brazil [A11,C14,U1) 1982 22750
1990 15037 256
Chile 1982 1911
China [Z6] 1985 152087 2233 615 96 a4
Ecuador 1970-1974 167 10.0 3.1 0.3 0.2 0.04 0.05
1980-1984 385 35.7 7.4 0.5 0.5 0.09 0.05
Honduras 1990 106
India 1985-1989 81480 169 106 20.6 28
Iran (Isiamic Rep.of) (U1] 1981 7221
Nicaragua 1990 191
Peru 1985-1989 300 4.8 0.3 27 0.9 03
Tunisis 1985-1989 100 7.0 6.5 3.0 0.3
Turkey 1981-198S 16663 50
1986-1990 29840 174 33 0.5
Heslth-care level ITT
Belize 1990 15.1
Cape Verde 1985-1989 27 0 0 0 0 0
Dominica 1990 129
Egypt 1976-1980 11.0 <0.1 26 2
1981-1985 9.4 28
1986-1990 25 22¢ 0.02 32
India 1970-1974 19600 40.9 114
Myanmar 1986-1990 397 64
Nigeria {U1] 1977 2014 <0.01
Philippines 1985-1989 6148 0.6
Saint Lucia 1990 19.0
Sudan 1976-1980 2] 0.02
19811985 5.7 0.06
1986-1990 1380 7.1 0.2 1.7 0.04 0.1
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Tuble 3 (continucd)

Diagnastic examinations Therapeutic treatments
Country Year (thousands) (thousands)
Medical Dental Radio- NXeray Tele- Hrachy- Radio-
x rays x rays isolopes therapy therapy therapy isolopes
‘Thaitand 19761980 276 64 13 0.008
1981-1985 3749 115 9.1 0.04 0.011
1986-1990 4318 115 14 0.09 ¢ 0.04 0.013
Vanuatu 1985-1989 1.1 0 0 0 0 0
lealth-care level 1V
Eihiopia 1981-1985 0.6
1986-1990 4.8
Rwanda 1970-1974 2805
1988-1989 611

The entries in this Table are qualificd as follows:

Barbados:

Belize:

Canada:

Chile:

Cuba:
Czechoslovakia:

Denmark:
Dominica:
Ecuador:

Finland:

France:

German Dem. Rep.:
Germany, Fed.Rep.:

londuras:
Italy:
Japan:

Kuwait:
Luxembourg:
Malta:

New Zealand:

Nicaragua:
Norway:
Romania:

Spain:

Saint Lucia:
Sweden:
Switzerland:
Turkey:

USSR :
Yugoslavia:

The value given for medical x-ray examinations is estimated from the number examined in the public sector (35,200)
and the number of picces of equipment in the public sector (13 of 20 in Barbados).

Data from PAHO. Number of patients: 13,036.

Therapy numbers refer to treatments, not patients,

Data also from [U1].

Data from PAHO (Pan American Health Organizalion). X-ray cxaminations refer to 5.7 million patients.

The values given for x-ray therapy, teletherapy and brachytherapy for the years 1976-1980, 1981-1985 and 1986-1990
exclude treatment of benign conditions (39,000 patients annually 1976-1985, 24,000 patients annually 1986-1991).
The value given for medical x-ray examinations inctudes 7,000 interventional radiology.

Data {from PAHO. Number of patients: 10,816.

The value given for medical x-ray cxaminations for the years 1980-1984 includes 19 interventional radiclogy; for the
years 1985-1989 27,000 interventional radiology.

The value given for dental x rays includes 400,000 pantomographic examinations; the value of 0.7 given for x-ray
therapy, tele- and brachytherapy represents primary stage radiotherapy only; the value of 2.2 represents total number of
patients.

The value given for radioisotope examinations is estimated from Hépital Henri Mondor, which serves about 2% of the
population of France.

Total number of therapeutic trcatments in 1985 = 40,000 of which 20,000 for cancer.

The number of diagnostic examinations with radioisotopes is cstimated from data covering 7% of the population for the
years 1976-1980 and from data covering 21% of the population for the years 1681-1985 and 1986-1990. Total number
of therapeutic treatments in East Germany 1985 = 40,000 of which 20,000 for cancer.

Data from PAHO.

Data also from [U1].

Dental examinations include 1,650,000, 9,640,000 and 11,229,000 pantomographic examinalions in the years 1970-1974,
1980-1984 and 1985-1989. Numbers for x-ray therapy and telctherapy refer to treatments, not patients.

The value for medical x-ray examinations includes 3,000 interventional radiclogy examinations.

Numbers for x-ray therapy and telctherapy refer to treatments, not patients.

The value for medical x-ray examinations in the years 1985-1989 includes 150 interventional radiology examinations.
The value for medical x-ray examinations includes 359, 129 and 67 mass miniature chest examinations and 30, 41 and
47 chiropractic examinations in the years 1970-1974, 1980-1984 and 1985-1989, respectively.

Data from PAHO.

The values given for x-ray therapy are from onc hospital only, 10 indicate trend.

The values given for medical and dental x rays as well as for x-ray therapy and telctherapy are estimated from data
comprising 60%-65% of the population. Numbers for 1990 x-ray therapy and ieletherapy refer 10 treaiments, not paticnts.
The value given for medical x-rays excludes military, legal and pre-cmployment examinations.

Data from PAHO. Number of paticnis: 16,300.

The value for medical x-ray examinations includes 6,000 interventional radiology examinalions.

The values given for radioisotope cxaminations and treatments are cstimated from data covering 4% of the population.
The values given for diagnostic examinations and therapeutic treatments with radioisotopes are estimated from data
covering 1% of the population; the valucs for therapeutic trcatments from data covering 2% of the population.

Data also from [U1).

Value for medical x-ray examinations includes 1,700 intcrventional radiology. Values given for therapeutic trcatments
arc for Bosnia and Herzegovina, Croalia, Slovenia and Serbia, excluding Kosovo and Vojvodina (73% of the population
of Yuposlavia).

Value 1s for all therapeutic treatments.

b Value is for both medical and dental x rays.
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Table 4
Medicnl rudiation services worldwide, 19851990
Normalized quantities determined from UNSCEAR Survey of Medical Radiation Usage and Exposures

Level of health care
Quantity World
I i n v
Normalized values
Physicians per 1,000 population 2.6 0.55 0.18 0.053 0.98
Radiologists per physician 0.028 0.075 0.032 0.006 0.04
Radiologists per 1,000 populatian 0.072 0.041 0.006 0.0003 0.04
X-ray units per 1,000 population 0.35 0.086 0.018 0.0042 0.14
X-ray units per radiologist 4.9 21 3.1 14 34
X-ray examinations per x-ray unit ° 2400 1600 3900 2000 2100
X-ray examinations per 1,000 population ° 860 140 70 9 300
Nuclear medicine examinations per 1,000 population b 16 0.5 0.3 0.1 45
Tele- and brachytherapy patients per million population © 24 0.6 0.1 0.05 0.9
Radiopharmaceuticals therapy patients per million population 4 0.4 0.02 0.02 <0.13
Absolute values ©

Population (millions) 1350 2630 850 460 5290
Physicians (lhousands) 3600 1400 150 24 5200
Radiciogists (thousands) 97 108 5.2 0.13 210
X-ray units (thousands) 470 230 15 1.9 720
X-ray examinations (millions) * 1160 360 60 4.0 1600
Nuclear medicine cxaminaticns (millions) ® 2 14 0.3 0.05 p)
Teie- and brachytherapy patients (thousands) € 3200 1600 8s 23 4900
Radiopharmaceuticals therapy patients (thousands) 4 600 65 21 -700

Diagnostic medical x-ray examinations {docs not include dental x-ray cxaminations): number of countries and population in sample: level 1: 25 (935 million

= 68% of entire level I population); level II: 8 (2,062 milliocn = 78%); level ITI: 9 (175 million = 21%); level IV: 1 (7.1 million = 1.5%).

Number of countries and population in sample: level I 19 (634 million = 47% of entire population of level | countries); level II: 10 (2065 million = 79%);

level 1II: 4 (173 million = 20%); level IV: 1 (50 million = 11%).

Because of inconsistencics in data reported in Table 3 (i.e. number of separate treatments or of treated patients), the data of the UNSCEAR 1988 Report {U1]

have been used.

Number of countries and population in sample: level I: 16 (181 million = 13% of entire Jevel population); level II: 6 (1,940 million = 74%); level 10: §

(133 million = 16%). It is assumed \hat the unknown frequency in level [V countries is lower than the frequency in level [T countries.

Absolute values refer 1o 1990,
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Table §

Comparison of efTective dose and effective dose equivalent

Ratio of effective dase 1o effective dose cquivalent (EIHy) as reported by

Examiration
[1136] L2 [S44] 127} L2} 28]
Diagnostic x-ray examinstions
Chest AP 0.79-090 0.51
A 0.85-0.92 0.9 083 0.75 0.80
LAT 0.65-0.76 0.76 0.83
Skull AP 0.38-043 0.67
PA 0.28-031 0.59 0.62
LAT 0.24-0.27 0.55
Ribs L
Thoracic spine AP 0.86-1.15 L
LAT 0.85
Lumbar spine AP 1.36-1.40 0
LAT 0.77 1.01
Pelvis 1.00-1.20 0.80 0.86
Abdomen AP 1.80-2.10 1.00 143
PA 0.88-1.10 1.00
LAT 0.94
G.L tract Upper 120
Lower 1.14
Urogaphy (1.V.) 1.05
Mammography 0.33
CcT Head 0.52
Chest 091
Abdomen 0.81
Pelvis 0.77
Ratio of effeciive dose to effective dose equivalent (E/Hg) as reported by
Examinasion Radiopharmaceutical
[H36] [G21] (G22] (8]
Nuclear medicine examinations
Brain Tec-99m guconate 0.62 0.61
Cetebral Hood flow | Tc-99m HMPAO 0.91 0.73
Te-99m ECD 0.78
Te-99m MRP 20 1.01
Bone Tc-99m pyrophasphate 0.74 0.74
Livet/spleen Tc-99m sulphur collaid 0.56 0.65
Biliary Te-99m HIDA 0.63 0.76
Blood podl, multigated | Te-99m erythrocytes 0.72 0.94
Myocardial Tc-99m pyrophosphate 0.74 0.74
Tc-99m MIBI 0.73
Te-99m teboroxime 0.83
T-201 chloride 0.63 0.8}
Lung Tc-99m MAA 1.0 0.92
Kidney Tc-99m gluconete 0.62 0.61
Inflammation Gs67 citrate 0.83 0.86
Thyroid scan Te-99m pertechnetate 11 11
Thyroid uptake/25% | 1-131 sodium iodide 1.6 1.7
1-123 sodium iodide 1.6 1.6
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Table 6
Total annual number of dingnostic x-ray examinations per 1,000 population “
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures
Couniry 1970-1979 1980-1984 1985-1990 Country 1970-1979 1980-1984 1985-1990
Health-care level 1
Ausiralia 490 560 Mala 100 320
Belgium 1290 Netherlands 570 550 530
Canada 860 1020 1050 New Zealand 610 710 640
Cuba 140 620 Norway 640 620
Czechoslovakia 1110 1050 920 Poland 660
Denmark 510 Portugal 700
Finland 1080 870 Romania 90 600 470
France 840 990 Spain 570
German Dam. Rep. 1100 1100 1100 Sweden 590 520
Germany, Fed. Rep. of 860 1030 Switzerland 1040 1040
Ttaly 740 USSR, RSFSR 950 1020 990
Japan 830 1160 United Kingdom 420 460
Kuwait 20 United States 790 800
Luxembourg 810
Average 820 810 890
Health-care level 11
Barbados 160 Ecuador 26 53
Brazil 180 93 India 110
Chile 170 Iran (Istamic Rep. of) 180
China 110 150 Mexico 70
Colombia 210 Nicaragua 57 13
Costa Rica 270 Peru 15
Dominican Republic 20 Turkey 524
Average 26 140 120
Health-care jevel IT1
Belize 83 Philippines 110
Cape Verde 69 Saint Lucia 130
Dominica 180 Sri Lanka [U1]) 21
Ghana {U1] 2 Sudan 5
India [U1] 23 Thailand 50 75 ”
Liberia (U] 80 Vanuatu 100
Myanmar 10
Average 23 75 67
Health-care level IV
Cote d'lvoire {U1) 40 Nigeria 25
Kenya [Ul) 36 Ruanda 8.0 88
Average 27 8.8
*  Dental x-ray ex ticos not included
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Table 7 (continued)

NPy Tee eyt

Chest examinations Gl mact
. - Orh
Country Year FJ,'Z;M Spine Pelvis Skidl | Abdomen iy":’li:- Uro- Angio- Mammo- cr (ac:[;
Radio- Mass Fluoro- graphy graphy graphy
graphy miniature seopy Upper Lower graphy dental)
New Zealand 1980-1984 130 40 0 120 40 30 25 15 5.0 35 270
Notway 1960-1984 120 B4 5.2 150 38 46 6.3 8.0 22 11 3.0 20 0.0 25 10.0 16
1985-1990 140 44 26 150 as 5S 4.0 15 13 9.2 0.40 12 58 18 24 80
Poland 1985-1990 130 160 58 9 67 12 43 33 35 19 1 9.2 0 037 1.0 61
Romania 1970-1974 410 242 36 27 93 24 20 11 48 12 5.3
1980-1984 20 210 191 6 8.1 9.2 12 4.9 57 16 5.0 31 20
1985-1990 24 140 115 44 10 13 21 6.6 51 12 4 8.2 1.7 1.7 0.46 16
Spain 1985-1990 150 88 120 18 18 52 29 15 14 21 13 41
Sweden 1970-1974 120 11 65 22 35 44 12 30 16 18 23 1.2 31 94
1985-1990 120 55 21 43 15 1.7 12 13 5 14 0.24 46 11 158
Switzerland 1970-1974 180 160 226 210 42 36 69 12 46 13 28 30
1980-1984 340 150 64 210 q1 57 77 21 25 13 19 25
USSR, RSFSR 1975-1979 51 510 165 84 8.1 9.1 24 23 40 49 55 4.4 1.0 46
1980-1984 60 590 110 87 88 11 27 3.6 44 5.4 8.6 15 1.8 57
1985-1990 69 510 as 96 9.2 11 26 5.5 40 55 16 13 13 79
United Kingdom 1975-1979 130 26 110 18 32 31 17 10 59 6.1 6.9 36 0.9 13 27
1980-19R4 150 12 110 20 36 35 19 12 6.8 59 10 2.5 4.0 4.7 38
United States 1980-1984 280 200 93 21 36 35 33 22 15 18 5.1 14.5 19
Healthcare level IT
Barbados 1985-1990 30 47 18 9.5 11 23 44 2.0 0.31 1.7 0.12 1.2 1.4
Brazl 1985-1990 25 29 9.3 89 4.2 20 37
China 1980-1984 59 0 74 17 1.7 04 1.5 14 2217 0.453 0.292 0.057 0.08 6.2
1985-1990 12 26 64 11 1.9 1.3 0 11 4.6 14 0.40 0.30 030 10
Ecuador 1970-1974 59 3.2 15 33 1.7 2.7 23 4.1 0.58 0.34 0.14 0.21 0.07
1985-1990 15 0 3.6 56 29 4.6 39 7.1 2.2 1.2 08 1.3 2.5 055
India 19851990 54 0 0 17 6 43 5.3 3.0 23 1.1 50 7
Henlth<are level 111
Belize 1985-1990 24 0 0 26 10 53 6.2 74 0.4 0.2 14 1.3 0 0 0 0.39
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ANNEX C: MEDICAL RADIATION EXPOSURES 283
Table 8
Average annual number of diagnostic x-ray examinatlons per 1,000 population by health-care level
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures
Average ® Mean = SD b Median ©
Examinasion Year Level Level | Levels Level Level Levels Level Level Levels
7 n v ! n ni-rv 1 n anv
Chest 1970-1979 588 n 18 413+ 234 1n- 17=17 429 1 17
1980-1984 588 80 45 348 + 183 80 ¢ 45 € 305 80 45
1985-1990 527 118 51 261 = 149 46+ 34 2077 240 30 5.4
Extremities 1970-1979 87 33 32 99259 33¢ 30=23 82 33 3
1980-1984 151 7.8 1.4 143 = 61 774 7.4°¢ 142 1.7 7.4
1985-1990 137 15 6.2 143=71 217 87+ 14 138 17 15
Spine 1970-1979 25 1.7 1.9 25+ 14 1.7¢ 17222 23 17 17
1980-1984 8 17 5 45230 174 50°¢ 39 17 5
1985-1990 61 3.9 2 59 + 45 76+65 21233 50 5.7 0.3
Pelviship 1970-1979 2 27 0.57 23+ 14 27°¢ 0.5+05 20 27 0.5
1980-1984 31 0.44 15 41:28 0.4¢ 15¢ 38 0.4 1.5
1985-1990 38 3.4 2 40 = 30 3.9 =37 14+19 30 43 0.3
Skl 1970-1979 13 23 1.8 4222 23°¢ 1.6 =20 35 23 16
1980-1984 37 1.5 3.4 B2 146 ¢ 34° 3% 146 | 3.4
1985-1990 45 5.8 37 45235 59=44 22226 34 53 1
Abdomen 1970-1979 15 4.1 47 1178 41¢ 23233 12 41 23
1950-1954 p) 14 6.5 16 = 9.9 144 6.5°¢ 15 14 6.5
1985-1990 ET 79 34 V22 8991 26232 19 7.1 0.6
Gl tract 1970-1979 7 0.92 1.6 44230 09° 1309 42 0.9 13
1980-1984 51 2.7 26 59 = 39 274 26 ¢ 6 2.7 26
1985-1990 72 5 1.8 4239 51215 07=11 33 6 03
Urography, 1970-1979 19 0.48 12 25+ 16 0.5°¢ 11213 20 0.4 11
cholecysto- 1980-1984 28 0.35 26 8 =12 034 26° 2 03 26
gaphy 1985-1990 2% 27 22 1829 39228 10=1.4 16 3.7 0.3
Angiography 1970-1979 1.6 0 0.3 21222 0°¢ 02202 1.4 0 02
1980-1984 5.7 0 0.3 S1:31 0¢ 03¢ 42 0 0.3
1985-1990 71 027 o1l SB=+49 0.7+10 | 006=012 44 0.3 0
Mammography 1970-1979 2 0.07 0.12 44=89 0.07°¢ 0.06 = 0.09 1 0. 0.06
1980-1984 4.6 0.09 0.2 51+34 0.08 4 0.2° 4.4 0.08 0.2
1985-1990 14 0.57 0.07 17217 03205 | 0042012 12 0 0
Computed 1970-1979 6.1 0 0.14 28+3) 0° 0.07 = 0.10 13 0 0.07
tomography 1980-1984 11 0 13 8742 0d 13¢ 9.9 0 13
19851990 44 0.42 0.42 V=2 0.9+ 09 03:08 14 0.4 0
Total 1970-1980 814 26 29 737 2 286 2% 4 ¥ 806 2% 32
1980-1985 804 141 75 738=267 | 151=80 75 744 173 75
1985-1990 887 124 64 755 =247 | 136 = 167 82+ 52 696 ] 81

LA - L

o

Overall average: total number of examinations divided by the total population of countries (thousands).
Mean or median of individual values of countries.
Dats from Ecuador only.
Data from Chins only (except total).
Data from Thailand only.
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Table 9
Agce- and sex-distribution of paticnts undergoing x-ray examinations, 1985-1990
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures

Heaith-care Age disiribution (%) Sex distribution (%)
level Country
e 0-15 years 16-40 years >40 years Male Female
Chest radiography

1 Ausiralia 10 2 68 51 49
Czechoslovakia 11 31 58 55 45
Gemany, Fed. Rep. of s 21 74 53 47
Japan 6 2 ” 52 48
Kuwait 6.9 37 57 52 48
Netherlands 5.6 16 78 54 46
New Zzaland 13 24 63 56 44
Poland 55 45
Romania 34 31 35 57 43
Spain 8s 21 69 57 43
Sweden 4.6 16 80 49 51
Switzerland 8 31 61 57 43
USSR, RSFSR 13 24 63
United Kingdom 6 24 70 52 48
Average §% 23% 69% 53% 4%

I China 13 45 43 63 37
Ecuador 8.2 57 35 59 41
India 28 38 34 63 37
Jamaica 1.6 50 43 49 51
Turkey 30 30 40 60 40
Average 2% 2% 39% 63% 3%

oI Djibouti 32 35 33 52
Myanmar 10 40 50 60 40
Philippines 12 50 37 57
Average 11% 46% 42% 58% 42%

Chest photofluorography

I Australia 9.5 14 76 53 47
Japan 7.7 47 45 51 49
Kuwait 19 a6 35 5s 45
Poland 56 44
Romania 5.6 n 23 55 45
USSR (RSFSR) 6 50 44
Yugoslavia 0 35 65 ss 45
Average 1% 48% 46% 53% 4%

m Myanmar 3 37 60 54 46
Philippines 4 58 38 45 55
Average A% 49% 47% 495 Si%

Chest fluorvscopy

1 Netheriands 39 14 82 57 43
Poland 59 41
Romania 15 38 47 s3 47
Switzerland 10 34 56 52 a8
USSR, RSFSR 2 34 64
Yugoslavia 17 33 50 50 50
Average 5% 33% 62% 55% 45%

i} China 20 53 27 57 43
Turkey s 65 30 50 50
Avenage 19% 54% 27% 5T% 43%

m Philippines 35 23 46 56 44
Vanuatu by 45 4 28 59 41
Average 35% B% 46% 56% 44%
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Table 9 (continucd)

Healih-care Age distribution (%) Sex distribution (%)
level Country
0-15 years 16-40 years >40 years Male Female
Extremilies
1 Australia 2 37 41 50 S0
Czechoslovakia 17 46 37 59 41
Germany, Fed. Rep, of 1 33 56 50 50
Japan 22 19 69 50 50
Kuwait 23 45 32 51 49
Netherlands 20 43 37 52 48
New Zealand 26 47 27 56 44
Poland 53 47
Romania 25 k) 38 58 42
Sweden 15 27 57 46 54
Switzerlnd 2 39 38 58 42
USSR, RSFSR 15 33 52
United Kingdom 21 50 29 53 47
Yugoslavia 17 33 50 50 50
Average 18% 32% 52% 52% 48%
a China 19 S0 32 64 36
Ecuader 6.5 50 43 76 24
India At 48 28 7 29
Jamaica 52 48
Turkey 25 55 20 65 45
Average 2% 49% 30% 67% 33%
ol Myanmar 2] 40 38 68 32
Philippines 27 47 25 69 32
Vanuatu 2% 60 13 70 30
Average 5% 445 30% 695 32%
Skull
1 Australia 22 41 37 49 51
Czechoslovalda 17 50 33 53 47
Germany, Fed. Rep. of 18 33 49 52 48
Japan 24 30 46 49 51
Kuwait 2 44 34 52 48
Netherlands 2 41 38 48 52
New Zealand 24 41 35 56 44
Norway i6 44 40 58 42
Poland 51 49
Romania 16 42 42 54 a6
Spain 19 35 46 52 48
Sweden 8.4 38 53 45 58
Switzerland 19 43 38 54 46
USSR, RSFSR 15 44 41
United Kingdom 21 40 39 52 48
Yugoslavia 6.3 25 69 60 40
Average 19% - 3% 44% 51% 497%
n Ecuador 29 56 41 56 44
India 2 59 19 68 32
Turkey 20 40 40 60 40
Average 2% 58% 2% 67% 33%
m Djibouti 19 44 37 52 48
Myanmar 39 42 19 70 30
Philippines 24 50 27 63 37
Vanustu 16 54 30 62 38
Average 30% 47% 24% 66% 34%
Lumbosacral spine
I Ausiralia 33 36 6] 44 56
Czechoslovakia 39 31 65 50 50
Germany, Fed. Rep. of 4 32 64 46 54
Japan 1.2 35 64 56 44
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Table 9 (continucd)

Age distribution (%)

Sex distribution (%)

Health-care
level Country
0-15 years 16-40 years >40 years Male Female
1 Kuwait 8.4 44 47 44 56
(continued) Netheriands 5.9 40 54 49 51
New Zcaland 54 40 55 51 49
Norway 1.5 39 59 47 53
Poland 50 50
Romanis 4.2 41 55 50 50
Sweden 3.2 30 67 43 57
Switzerland 4 47 49 50 50
USSR, RSFSR 9 39 62
United Kingdom 8 38 54 4 54
Yugosiavia 13 pA) 63 40 60
Average 6% %% 61% 50% 50%
1 China 7.2 46 47 58 42
Ecuader 4 6 40 64 36
India 53 48 47 62 38
Turkey 15 S0 35 60 40
Average % 4% 47% 60% 40%
m Djbout 12 38 50 44 56
Myanmar 7.2 3 53 S5 45
Philippines 15 42 43 62 38
Vapustu 7.4 52 41 59 41
Average 12% 41% 47% 59% 41%
Pelvis
1 Australia 14 25 61 38 62
Czechoslovakia 1 29 60 52 48
Germany, Fed. Rep. of s 15 80 49 51
Jspan 35 17 79 46 54
Kuwait 15 31 54 40 60
Netherlands 17 17 66 38 62
New Zealand 19 25 55 42 58
Romanis 33 34 34 43 57
Spain 15 25 61 4 53
Sweden 3.6 11 85 35 65
Switzerjand 20 pA) 55 50 50
USSR, RSFSR 7 41 52
United Kingdom 14 30 56 40 60
Yugoslavia 5 38 60 20 80
Average 9% 21% 64% 4% 6%
1 China S8 42
Ecusdor 10 65 25 40 60
India 16 50 34 68 R
Turkey 15 50 35 50 50
Average 16% 50% 34% 62% 8%
m Myanmas 9.4 30 61 52 48
Philippines 17 46 37 52 48
Vaouaty 2 60 20 48 52
Average 14% 9% 7% 52% 48%
Hip/Mlemur
I Australia 1 14 5 38 62
Czechoslovakia 87 4 9 A3 57
Germany, Fed. Rep. of 4 9 87 52 48
Jspan 24 25 51 43 s7
Kuwait 14 3 63 41 9
Netherlands 17 17 66 38 62
New Zealand 19 23 38 54 46
Romania 21 37 42 57 43
Sweden 12 7.7 81 35 65
Switzerland 8 33 58 53 47
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Table 9 (continued)

Health-care Age distribution (%) Sex distribution (%)
level Counmry
0-15 years 16-40 years >40 years Male Female
1 USSR, RSFSR 3 3 49
(continued) United Kingdom 15 32 53 42 58
Yugoslavia 17 33 50 50 50
Average U% B% 6% 45% 55%
I Ecuador 16 58 26 42 58
India 16 50 34 68 32
Turkey 15 40 45 55 45
Average 16% 49% 5% 67% 33%
o Djibouti 30 45 25 51 49
Myanmar 16 30 54 px 47
Philippines 19 45 37 61 39
Vanuatu 2 47 pL) 66 34
Average 18% 9% 4% 58% 42%
Abdomen
I Australia 10 24 66 53 47
Czechoslovakia 8.6 27 64 53 47
Germany, Fed. Rep. of 8 24 68 41 59
Japan 8.2 24 68 54 46
Kuwait 11 38 s1 43 57
Netherlands 6.1 23 mn 53 47
New Zealand 13 28 9 49 51
Norway 17 3 3 47 3
Poland 54 46
Romania 15 36 48 54 46
Spain 11 39 51 52 48
Sweden 11 17 n 47 53
Switzerland 4 3 65 54 46
USSR, RSFSR 17 20 63
United Kingdom 10 27 63 44 6
Yugoslavia 59 35 59 50 50
Average 11% 25% 63% 50% 50%
I Ecuadar 4.9 39 56 55 45
india 16 45 39 64 3%
Jamaica 48 52
Twkey 30 30 40 50 50
Average 17% 4% 39% 63% 37%
m Djibouti 25 40 35 42 S8
Myanmar 17 39 44 51 49
Philippines 19 45 36 50 50
Vanuatu 10 66 23 35 65
Average 18% 43% 39% 50% 0%
Upper GI tract
1 Australia 1.4 20 ) 40 60
Czechoslovakia 1.2 35 64 52 48
Germany, Fed. Rep. of 4 21 75 41 9
Japan 0.7 24 76 53 47
Kuwait 1.6 43 56 49 51
Netherlands 3 29 69 51 49
New Zesland 5.1 30 66 S0 50
Norwany 0.5 33 66 45 55
Poland 47 53
Romania B9 39 52 52 48
Spain 5 28 67 51 49
Sweden 1.8 17 B1 45 55
Switzerlaod 2 40 58 58 42
USSR, RSFSR 4 28 68
United Kingdom 2 30 68 49 51
Yugoslavia 0 33 67 50 50
Average 3% % 0% 49% 51%
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Table 9 (continued)

Health-care Age disiribution (%) Sex distribution (%)
level Country
0-15 years 16-40 years >40 years Male Female
n China 5.4 46 49 57 43
Ecuador 10 60 30 33 67
India 1 45 45 69 31
Jamaica 45 5§
Turkey 15 50 35 60 40
Average 8% 46% 47% 62% 38%
m Myanmar 55 4] 54 54 46
Philippines 10 46 44 60 40
Vanuatu 9.1 36 55 52 48
Average 8% 44% 48% 57% 43%
Lower GI tract
1 Australia 4 30 66
Czechaslovalda 25 16 81 42 58
Germany, Fed. Rep. of 0.5 6 94 4 56
Japan 19 13 85 52 48
Kuwait 7.2 28 65 46 54
Netherlands 22 24 4 40 60
New Zrealand 0.6 pa] 78 41 59
Norway 0.2 24 76 38 62
Poland 45 54
Romania 16 33 51 48 52
Spain 4 25 nn 42 58
Sweden 34 15 82 40 60
Switzerland 1 23 76 50 50
USSR, RSFSR 1 25 74
United Kingdom 1 14 85 39 61
Yugoslavia 0 22 78 50 50
Average 2% 19% 9% 46% 54%
o China 54 46 49 57 43
Ecuadox 9.9 60 30 43 57
India 72 28 65 76 24
Jamaica 36 64
Turkey 10 40 50 50 50
Average 6% 39% 55% 64% 36%
m Myanmar 3 48 49 58 42
Philippines 13 29 59 S5 45
Vanuaty 17 50 33 60 40
Average 9% 3% 55% 56% 44%
Cholecystography
i Australia 0.5 33 67
Czechosiovalda 0.7 29 70 24 76
Gemany, Fed. Rep. 1 12 87 34 66
Japan 0 21 79 59 41
Kuwait 04 4 55 30 70
Netherlands 0 20 80 37 63
New Zealand 1.7 38 61 3 67
Norway 0 2 78 35 65
Poland 29 n
Romania 0.8 40 59 38 62
Sweden 03 24 76 37 63
Switzerland H 36 63 B 62
USSR, RSFSR 3 30 67
United Kingdom 0.5 19 81 30 70
Yugoslavia 0 20 80 50 10
Average 1% 24% 75% 44% 56%
it Ecusdor 1 8O 19 66 3
India 14 18 68 60 40
Turkey 2 28 70 30 70
Aversge 13% 19% 68% 58% 2%
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Table 9 (continued)

Health-care Age distribution (%) Sex distribution (%)
level Couniry

o 0-15 years 16-40 years >40 years Male Female

1 Myanmar 0.9 55 44 50 0
Philippines 7.6 61 32 53 47
Average 5% 58% 37% 2% 4%

Urography

I Ausiralia 9 29 62 51 49
Czechoslovakia 43 30 66 51 49
Gemnany, Fed. Rep. of 5 19 76 54 46
Japan B3 24 67 55 45
Kuwait 15 41 44 55 45
Netherlands 1 27 63 50 50
New Zealand 17 31 52 49 51
Norway 35 31 65 51 49
Poland 46 54
Romania 5.2 37 58 47 s3
Spain 31 35 62 56 4
Sweden 9.7 20 0 57 43
Switzerland 27 38 35 79 21
USSR, RSFSR 7 35 S8
United Kingdom 9 21 70 68 32
Yugoslavia 0 13 87 100 0
Average % 2% 65% 51% 43%

o] Ecuador 18 45 36 45 55
India 19 48 33 84 16
Jamaica 47 53
Turkey 10 50 40 55 45
Average 18% 8% 34% 81% 19%

1t Myanmar 2 46 52 52 48
Philippiaes 13 39 48 64 36
Vanuaty 59 59 35 65 35
Average 8% 42% 50% 9% 41%

Angiography

1 Australia 1.7 89 89 58 42
Czechoslovakia 1.6 18 81 58 42
Germany, Fed. Rep. of 4 9 87 9 41
Japan 0.2 bl 13 Ly 53
Kuwait 1.9 36 62 53 47
Netherlands 0 59 94 63 37
New Zealand 0 21 9 54 46
Poland 48 52
Romanis 29 46 51 67 33
Sweden 29 20 77 49 51
USSR, RSFSR 4 n 74
Average 2% 21% 1% 53% 47%

1] Ecuador 15 50 35 k2 28
India 17 33 50 90 10
Turkey 5 35 60 ss 45
Average 16% 33% 50% 87% 13%

m Myanmar 1 45 44 60 40
Philippines 21 34 45 68 32
Avcrage 17% 39% 45% 65% 35%

Mammeography

! Australia 0.1 30 70
Czechoslovalda 0 35 65 0 100
Germany, Fed. Rep. of 0 27 o 1.7 98.3
Japan 0 51 49 0 100
Kuwait 0 44 56 ] 100




290 UNSCEAR 1993 REPORT

Tuble 9 (conlinucd)

Health-care Age distribution (%) Sex distribution (%)
level Counmry
0-15 years 16-40 years >40 years Male Female
1 Nethetlands 0 2 72 1 9
(continued) New Zealand 0 25 5 0 100
Norway 0 25 5 0.3 9.7
Romania 0.3 58 42 0 100
Spain 1.2 37 62 0.6 9.4
Sweden 0 8.9 9] 0.2 99.8
USSR, RSFSR 0 25 75
United Kingdam 0 1] 100 0 100
Yugostavia 0 44 56 0 100
Average 0.10% 32% 68% 0.41% 99.59%
1 Myanmar 0 40 60 0 100
Philippines 0 n 89 0.5 9.5
Avetage 173 8% % 0.29% 99.71%
Computed lomography
1 Australia 4.5 30 66 46 54
Czechoslovakia 8.9 33 58 5 48
Germany, Fed. Rep. of 7 14 9 48 52
Japan 5 15 B0 55 45
Kuwait 5.4 45 49 51 49
Netheslands 58 25 69 53 47
New Zealand 12 26 62 53 47
Norway 6.1 2 67 53 47
Poland 56 44
Romania 74 39 54 67 33
Sweden 6.8 21 3 53 47
United Kingdom
Head 6 bal 67 50 50
Body 1 76 52 48
Yugoslavia 10 30 60 40 60
Average 6% 2% 73% 52% 48%
i Turkey 30 30 40 50 50
m Myasnmar 4 40 56 S2 48
The entrics in this Table are qualified as follows:
China: Data are for Beijing area only (about 3% of the population).
Djibouti: Data from Institute P. Pascal only.
Geomany, Fed. Rep. of: Data are from hospitals only.
Jamaica: Data are from Kingston Hospital only.
Myanmar: Data are from Gyangon General Hospital enly.
Romania: Data are for 1990,
Sweden: Data are for Stockham county only (about 20% of the population); age distribution: 0-14 years, 15-39 years, >40 years.
Swirzerland: Dats are for 1982,
Turkey: Values are estimated from sample of 1% of the population.
United Kingdom: Data are for 1981-1985, except far mammography and camputed tomography.

Yugoslavia: Dats are for Serbia only (about 40% of the population).




Table 10

Entrance surface doses and effective dose equivalents to patients undergoing dlagnostic x-ray examinations

Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated

a

Chest examinations GI tract Marmuno-
Country Dose Year Extre- Shudl Lumbo- Pelvis Abdomen Chole- Uro- Angio- graphy CcT
— Rado. | o | Flars | " il B i | ove | oo | | T S | b
graphy | fluorography |  scopy P srepy
Heslth<care level [
Argentina ESD 1985-1989 0.65 6.5 3 2 30 13/8 4 8 8 55 6.5 s 22 30
(0.3-1.5) (4-12) (1-5) (1-3) 2045y | (0.8-15) (37 (1.5-20) (1.5-20) (4-10) (4-10) (38) (7-35) (15-55)
Australia ESD 1970-1974 26 1.4 3 17 63 98/11 1 25 0.4 28 57
(0.1-16) | (0.241) | (0.1-92) | (0.7-348) | (0.1-99) | (0.2-88) | (5.3-60) | (B.7-101) | (B.3-109) | (4671
1985-1989 0.4 23 36 28 40/44 70 24 18 40 -4 60
(0.1-1.5) (0.6-4.2) (2-5) (10:90) | (0.7-14) | (1.2:29) (8-126) (0.4-58) | (20-560)
Canada ESD 1985-1989 0.13 0.14 0.84 12 36/16 3.1 2.2 3.0 15 2.3
(= 0.10) (007 | (2040) | (2559 (£2.1) (=21) (£ 1.0)
Czechoslovakia ESD 1970-1974 0.5 6.1 25 9 31 13/12 9 14 20 11 14 300
(0.5-29) (0.7-39) (0.2-40) (3-46) (5-150) | (2.8-76) (4-30) (3-280) (3-100) (2-30) (3-100) | (100-800)
1986-1990 0.45 6 1.5 8 26 10710 8 12 18 10 12 400 60/37
(0.05-28) (0.6-38) (0.2-35) (345) (4-130) (3-59) (4-29) (3-260) (3-98) (2-30) (397 | (120800) | (-/1-45)
H 1976-1980 0.07 0.7 0.4 29 19 29 45 127 1.9 3 9.5/
1986-1990 0.07 0.7 0.5 31 1.9 2.8 2.5 1.7 19 3 9.5/
Finland ESD 1978 12° 1.7 60 290 42 20
(0.3-5.7) (09-3.6) (8-90) (55-1400) (8-80) (1-200)
1988 0.27 314 8 54 63/
(0.04-08) (1.0-8.0) | (3-30) (1-20) (2-19)
Hg 1978 0.21 76
1988 0.05 0.01 1.0 0.91 1.0/
France (U1) Hg 1982 03 1.4 47 1.6 2.6 6.7 10 72 10
Germany, ESD 1989-1991 0.18 0.12 37 18 3.7 4.0 2.4 2.0 5.0 2.4
Fed. Rep. of (0.09-20) ©0518) | (1.9-18) { (9.0-130) | (2.0-36) | (2.061) | (1.3-35) (08-33) | (3.082) | (2073)
Ttaly ESD ¢ 1983 0.5 26 4.6 6.6 55-58
(north-east) (£0.7) (09 (£29) (£3.0) (226-1.7)
{P19, U1) ESD ¢ 1983 1.3 4.1 9.5 10.6/3.7 8.1 6.9-9.2
(=17 (= 29) (£83) | @1z | (247) (+ 4£-65)
ESD ¢ 1983 2.7 26 28.3 -/4.3
(=28) (£19) | (2249 | (+-BT
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Table 10 (continucd)

(4.4

Chest examinations Gl rract Mammo-
Courury Dose Year Extre- Skull Lumbo- Pelvis Abdomen Chole- Uro- Angio- graphy cT
quaniity Radio- Photo- Fluoro mities :m"ral { hips v Lower cysto- graphy graphy S;Tmmf d(:liceb
graphy | flucrography scopy spine pper graphy clinica oses)
ftaty He 1983 0.18 0.25 0.22 25 2.3/0.9 1.9 9.3 9.0 71
(continued)
Japan ESD | 1970-1974 2.3/
(= 0.38)
1985-1989 1.7/ 35 53 36 35 43 3.0 1.6
1989 0.52 10 46 72 23-32
Hg 1976-1980 0.10 0.20 0.12 0,309 1.5-1.6 13-14 1.0-1.2 0.6
1986 0.05 0.09 0.60 0.25 0.29 1.2 20 0.55 0.70
1989 0.06 0.05 2.7 3.0 0.56.9
Kuwait ESD 1985-1989 0.43 0.033 24 0.15 22 42 o028 3.8 23 23 28 29 2.1 3 70
(0.17-1.0) (0.03-0.04) | (1.8-2.5) | (00029 | (0.74.7) | (2.1-57) | (1.4-3.9) | (2.0-4.3) (0.8:3.0) (0.8-3.0) (1.6-3.8) | (1.4-3.8) (1.04.3) (1.5-19) | (32-128)
New Zealand ESD 1983-1984 0.83 0.6 0.62 5.6 33 95759 9.0 36 4] 9.6 10 291 9 32-78
(0.02-47) (0.2-1.8) (0.01-23) | (0.13-39) | (001-1) | (0.01-242) | (0.07-158) (0.01-39) | (0.51-71) (0.4-26) (28-48)
He 1081.1085 0.11 0.10 <0.001 0.3 1.4 1.10.8 0.7 7.2 13 0.4 1.8 0.5 0.5 2,12
Norway Hg 1988 0.15 0.23 1.6 0.7/04 0.9 2.5/5 6.4/ 10 2.6
Poland ESD 1985-1989 1.5 6.0 10 1.0 15 22 159 42 8.0 28 11
Portugal ESD/ 1989-1990 041 0.82 9.6 79 6.1 7.0 70
[C25, S52) (0.08-4.2) (0.98-14) | (0.65-28) | (1.8-31) (0.80-14) (0.76-31) (12-231)
Romania ESD 1980 6.3 8.3 9.7 - 24 62 30726 18 46 35 71 - - 12
1990 2.4 59 13 - 20 53 25/19 19 55 n 40 48 21 - 18
(1.1-5.8) (3.9-15) (6.6-27) (6.4-35) (21-82) (4.3-60) (11-36) (18-162) (26-92) (20-58) (28-91) (13-33) (11-27)
He 1980 0.50 0.72 0.74 - 0.11 24 3.1/1.6 1.1 3.0 13 43 1.3
1990 0.23 0.66 1.0 - 0.12 1.9 2713 14 34 52 1.4 35 0.15 19
Spain ESD 1986-1990 1.0 0.9 6.7 39 19 12
(0.2-3.0) (0.1-1.8)' | (2-195) (15-50) (7-40) (6-20)
Hg 0.29 0.10 0.14 2.1 20 1.2 55 9.7 6.7 n2 3R
Sweden Hg ® 1970-1974 0.30 1.0 0.29 0.97 59 1.21.7 29 4.4 8.6 1.3 73 9.7
(0.19-0.40) (0.31-3.1) - - (3.0-11) (037.20) . (1.3-6.6) (5.3213) (0.37-1.4) (5.1-1.3) -
1985-1989 0.14 - 0.08 0.19 24 0.64/0.86 1.8 4.6 6.1 0.86 36 - s
(0.01-1.0) (003020) | (0170200 | (0.9.6.4) (0.20-43) (0.41:39) (0.86-17) (1027 0.26-2.1) (0.21-14)
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Table 10 (continued)

Chest examinations GI tract Mammo-
Country Dose Year Extre- Shud! Lumbo- Pelvis Abdomen Chole- Uro- Angio- graphy cT
quantity Radio- Photo- Fluoro- mities xac.ral I hips U L esto- graphy graphy Screaunx (Jﬁ“b
graphy fluorography scopy spine lpper ower graphy felinical doses)
Health<are level 111
Myanmar ESD 1970-1980 0.7 36 0.26 37 4.7 38/38 4.7 3.4 4.0 34 42 42 /0.65
1981-1985 0.80 35 0.24 35 40 33735 37 i3 34 33 3.7 39 /0.60
1986-1990 0.32 29 0.23 2.9 39 29730 33 28 3.0 3.0 33 38 /055
Hg 1976-1980 0.039 0.18 0.003 0.035 0.045 0.036 0.23 0.41 0.43 0.17 0.22 021 /0,03
1981-1985 0.040 0.18 0.002 0.035 0.040 0.035 0.19 0.40 0.41 0.17 0.19 0.20 10.03
1986-1990 0.016 0.14 0.002 0.029 0.039 0.029/0.030 0.16 0.34 0.35 0.15 0.17 0.19 /0.03
Thailand ESD 1976-1980 0.29 4.1 4.2 49
(0.26-033%) (3.5-3.7) (3.9-4.5) (4.7-5.1)
1986-1990 0.21 0.09 6.5 0.07 2.4 28 32725 26 34 3.1 29 2.6
©i7029) | (0.08-0.09) | (3.4.9.5) | @m0y | (2225 | (24-31) | (2335) | (25-26) (3.1-36) (2735 | (28-3.0) | (22:29)
The entries in this Table are qualified as follows:
Awstralia: Value under CT is for skull CT only. Peru: Data are from Instituto Peruano de Encrgia Nuclear only (bout 60% of all examinations).
Canada: Data are for one Ottawa hospital only. Poland: Value under abdomen is for fluoroscopy.
China: Data for Bajing area represent 3% of the population; data for entire nation are for 1986-1990. Romania: Values under CT are, with the exception of the last cntry (E, 1990), for chest.
Denmark: Data are also from [J11]. Spain: Values under lumbosacral are for all spine examinaticns.
Ecuador: Value for chest radiography includes fluoroscopy (20% of examinaticns.) Sweden: Value under lumbosacral includes lumbar spine; value under angiography is for cerebral
Finland: Data are also from [H32, R25]. examination.
Japan: Dats are also from [M4, Ul). Thailand: Data are from National Cancer Institute and from the Rajavithi Hospital caly.
New Zealand: Value under lumbosacral is for lumber spine. Gastrointestinal wract ESDs refer to fluoroscopy USSR (RSFSR): Values under GI tract are for flucroscopy examinations.
only. When serial and follow-up films arc added, total ESD is 75 mGy for upper Gl and 99 mGy United Kingdom: Dala also from [W22]. Entry under angiography is for [ymphangiography only. Values under CT:
for lower GI tract. Value under angiography is for coronary catheterization. Hg for first value refers to head; second value to body.
mammogaphy 1976-1980: 1.6 mSv, 1986-1990: 0.6 mSv. ESD value under CT is multiple United States: Data also from [Ul). Value under mammography is for mostly screcning range under CT is
average dosc to head for average years 1983-1984, to body for range. Hg value for CT is 2 for multiple-scan absorbed doses in a samplc and is not considered statistically representative.
head, 12 for abdomen. Yugoslavia: Data are for Serbia only (about 40% of the population).
Norway: Values under Gl tract are for barium/doubtle contrast.
*  The cntrance surface dose (ESD) is gven in mGy and the effective dose equivalent (Hg) is given in mSv. Average for years as indicated and range in parentheses.
% Doses are computed tamography dose index (CTDI) or multipie-scan average dose (MSAD).
€ PA projection,
¢ LAT projection.
¢ AP projection,
! Converted from entrance surface exposure assuming that 1| mR = 0.0087/0.75 mGy ESD. Applies also for ranges where given.
£ All but CT: Converted from energy imparted assuming that 1 mJ corresponds 10 0.0143 mSv. CT data from [S58].
&

For most frequent projections.
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Table 11

Average clfective dosc equivalent from dlagnostic medical x-ray examinations
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures

Average effective dose equivalens (mSy)

Examination/site Level | Level 11
1970-1979 1980-1990 1980-1990

Chest radiography 0.25 0.14 0.04
Chest miniature 0.52 0.52

Chest fluoroscopy 0.72 0.98 0.29
Extremities 0.02 0.06 0.03
Lumbosacral spine 22 1.7 26
Pelvis 21 1.2 20
Hip/femur 1.5 0.92 2.0
Skull 0.50 0.16 0.13
Abdomen 1.9 11 0.22
Lower GI tract 9.8 4.1 5.0
Upper Gl tract 8.9 22 1.6
Cholecystography 19 15 16
Urography 3.0 31 17
Angiography 9.2 6.8

Mammography 1.8 1.0

Computed tomography 1.3 43

Table 12

Factors of technique affecting doses to patients from x-ray examinations
[C26, D8, 112, L10, M21, N5, R4, R18, S13, S31, 853, §56, §57, W14]

Factor

I Effect

Procedure-reiated

Referral criteria

Awvailability of previously taken fims
Number of radiographs per examination
Fluaroscopy time and current

Quality assurance programimes, including repeatireject

rate asseasments and patient dose surveys
X-ray beam collimation
Shielding of sensitive organs
Chaice of projection
Optical deosity of radiographs
Compression of attenuating tissue
Matching exposure {actors to patient stature

Suicter criteria reduce per caput doses by removing clinically unhelpful examinations
May eliminate some retakes and thus reduce per caput doses

Positively comrelated with dose

Positively correlated with dosc

May reduce per caput doscs

Area positively correlated with dose

May reduce doses

Dose depends an projection

Positively correlated with dose

Reduces dose and scatter and improves image quality
May reduce doses

Equipment-telsted

Exposure lime

Kilovoltage

X-ray tube voltage waveform
Xeray tube target metal

Filter type

Anti scatter grids
Distance (sir gap)

Altenuation between patient and image receptor
Screenfilm combination
Film processing

Imsge intensifier

Recording method

Pulsed fluoroscopy with image storage device
Spat film flucrography

Computed radiography

Long time, low curtent combinations may increase dosc duc to reciprocity law failure
Higher kilovoltage may reduce dose and contrast
Three-phasc and constant potential x-ray beams reduce dose and contrast
Molybdenum may increase dose and contrast compared to tungsten
Rarc-carth K-edge filters or other filters produdng a beam of higher
half-value layer reduce dose and contrast
Increase dose and image quality
Adjustment for increased magnification nominally increases dose
but mey also obvisie peed for a grid
Low sttenuation (e.g. carbon fibre couch top) reduces dose
Faster rare eanh screens reduce dose, sometimes also image quality
Long processing time or chemicals and temperature that increase
speed of development reduce dose
Sensitive (¢.g. CsI) photocathodes and digital image processing may reduce dose
Video recorder reduces flucxoscopy dose compared 1o tine camera
Reduces flucxoscopy dose
With modemn equipment, may reduce dose compared to radiography
Potentia! for reduction of dose and of image quality
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Table 14
Doscs o patients from computed lomogruphy examinations in the United Kingdom, 1989
(S42, S43]
Examination Effective Effeciive Collective effeciive Collective effective
dase equivalent ° dose ® dose equivalent * dose ®
Type Number (mSv) (mSv) (man Sv) {man Sv)
lead, routine 296650 (35%) 3.49 1.80 1035 (23%) 534 (16%)
Posterior fosss 68850 (8.1%) 122 0.7 84.0 (1.9%) 48.9 (1.5%)
Pituitary 17850 (2.1%) 1.10 0.59 19.6 (0.4%) 10.5 (0.3%)
Internal auditory meatus 18700 (2.297) 0.43 0.34 8.0 (0.2%) 6.4 (0.2%)
Orbits 16150 (1.95%) 113 0.60 18.2 (0.4%) 9.7 (0.3%)
Facial bones 8500 (1.0%) 0.69 0.61 5.9 (0.1%) 5.2 (0.2%)
Cervical spine 15300 (1.8%) 1.94 289 29.7 (0.7%) 44.2 (1.3%)
Thoracic spine 5950 (0.7%) 7.76 5.82 46.2 (1.0%) 346 (1.1%)
Chest, routine 67150 (7.9%) 9.13 8.33 613 (14%) 559 (17%)
Mediastinum 34000 (4.0%) 7.39 1.9 251 (5.5%) 241 (7.3%)
Abdomen, routine 98600 (11.6%) 8.82 7.16 870 (19%) 706 (21%)
Liver 29750 (3.5%) 10.20 7.18 303 (6.7%) 214 (6.5%)
Pancreas 22950 (2.7%) 6.71 4.57 154 (3.4%) 105 (3.2%)
Kidneys 14450 (1.7%%) 8.62 5.81 125 (2.8%) 84.0 (2.6%)
Adrenals 8500 (1.0%) 3.74 3.04 31.8 (0.7%) 25.8 (0.8%)
Lumbar spine 59500 (7.0%) 5.98 3.60 356 (7.9%) 214 (6.5%)
Pelvis, routine 47600 (5.6%) 9.38 1.26 446 (9.9%) 345 (10%)
Other 19550 (2.3%%) 108 (2.4%) 100 (3.0%)
Total 850000 (100%) 53 39 4500 (100%) 3300 (100%)
?  Using ICRP 1977 weighting factors.
b Using ICRP 1990 weighting factors.
Table 15
Doses to patients from computed tomography examinations in Japan
[N8]
Dase
Examination Dase quantity Dase 10
Minimum Maximum Aveorage
Head Absorbed dose (mGy) Bon: marrow 0.7 21 15
Thyroid 0.2 0.8 0.5
Eye 8.7 47.2 R4
Effective dose equivalent (mSv) 0.2 0.7 0.5
Chest Absorbed dose (mGy) Breast 8.7 39.6 15.9
Lungs 126 350 19.6
Bone marmow 3.9 11.5 5.7
Thyroid 1.2 3.0 19
Effective dose equivalent (mSv) 43 14.1 6.9
Upper abdomen Absarbed dose (mGy) Large intestine 0.7 1.7 1.0
OvaryAestis 0.470.04 1.0/02 0.6/0.1
Bone mamrow 1.4 3.7 22
Effective dose equivalent (mSv) Female 26 7.4 38
Male 25 12 3.7
Lower abdamen Absorbed dose (mGy) Large inlestine 11.3 us 19.2
OvaryAestis 8.7/0.5 2711716 15.1 /1.0
Bone marrow 35 9.5 5.6
Effective dose equivalent (mSv) Female 4.1 12.5 7.1
Male 20 6.2 36
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Table 16

Doses from mammography examinations

Absorbed dose in breast (mGy) ¢

Effeciive dose equivalens (mSv)

Country and year Technique
Pa film Per patient Per patient Per capwt
Australia, 1989 Patients
[1137) All with grid, screenfilm 1.3+ 04 (0.5-23)
Australis 48 mm phantom
1989-1990 Xeroradiograph ¥ 23
[T19] Screenfilm:
With grid © 18208 3.6
No grid 08=05 1.6
Ovenll 1.7+08(0.16.8) 34
Canada, Manitoba 47 mm phantom
1988 Xeroradiograph 33 0.82
{H31] Screenfilm 1.4 (0.8-1.9) 0.30
Overall 4.0 0.60 0.014
Italy, 1987-1990 50 mm phantom
[R19) 39% with grid 1.5 (63%)
1.0 (39%)
Ircland, 1989 60 mm phantom
fH43) Screenffilm 1.5(0.9-23)
New Zealand All screen/film:
1988-1989 30 mm phantom
tW11] and No grid 0.6 +03
UNSCEAR Survey Overall 1.0=06 0.30
Magnification 25(0.7-7.2)
45 mm phantom
No grid 11204
With grid 23+10
Overall 20=1.1(0.54.8) 0.60
Poland, 1988 30 mm phantom
D7 Xeroradiograph 4.8 6.4
Portugal All screenfilm:
1988-1989 40 mm phantom
[C15]) No gid 0.8
Stationary grid 1.0
Moving grid 20
Overall 1.4
Sweden All screenffilm:
1989-1990 45 mm phantam
[L10] No grid 0.7 (0.5-1.1)
Moving grid 1.5(1.2-1.9)

& 2% of all centres.
¢ 80% of all centres.

= SD; range in parentheses.
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Table 17
Average annunl number of dental x-ray examinations per 1,000 population
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated
Country 1970-1979 1980-1984 1985-1990 Country 1970-1979 1980-1984 1985-1990
Healthcare level 1
Ausiralia BO Netherlands 150 399 411
Belgium 288 New Zesland 321 275
Cuba Norway 641 805 833
Czechoslovakia 7 86 BS Poland 61
Denmark 47 Portugal 86
Finland 23 Romania 20 32 42
France 540 Spain 232
Germany, Fed. Rep. of 264 Sweden 43 B41 832
Italy 119 Switzerland 296 325
Japan 831 834 783 USSR, RSFSR 50 74 80
Kuwait 219 United Kingdom 112 165
Luxembourg 186 United States 350 456 402
Maita 3 6.2 8.2
Average 320 390 350
Health-care level T1
Braxl 4.7 Ecuador 1.5 4.4 6.2
Chile 39 Tunisia 13
Chins 0.8 21
Average 0.8 25
Heallh-care level ITT
Egypt 0.7 Sri Lanka 08
Myanmar 16 Thailand 1.4 23 21
Average 0.8 1.7

The entries in this Table are qualified as follows:

France:

Value represents number of films.

Germany, Fed. Rep. of: Pantomograms not included.

lialy:

Japan:
Netherlands:
New Zealand:
Sweden:

Value is for north-east of laly.
Data also from [U1].

Data also from [V2 V10}.
Dats also from [W12].

Dats also from [S1, §3].
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Table 18
Estimates of cffective dose equivalent from dental x-ray examinations
Dara from UNSCEAR Survey of Medical Radiation Usage and Exposures, unless otherwise indicated
. Entrance swface E: cchive dase . Entrance swface Ef “’,‘ ve dose
Couniry Year dose (mGy) equivalernt Country Year dose (mGy) equivalens
€ vy, (msy) *Y (mSi)
Health-care level |
Argentina 1985-1989 4 (1.5-40) New Zealand 1975-1979 5.2(1.2-19)
Australia 1970-1974 74 1985-1989 4.9 (1.2-22) 0.11
Czechoslovakia 1970-1979 25 (0.1-30) 0.15 Poland 1985-1989 3
1986-1990 18 (0.1-25) 0.15 Romania 1980-1984 10.7 0.004
France [BS5) 1984 (3.9-13.5) 0.07 1985-1990 28 (3.3-46) 0.01
Japan 1970-1974 58(3.58.7) Spain 1986-1990 6.0 (0.9-12)
1980-1984 31 0.03, 0.04 Sweden 1980-1984 s 0.03
Kuwait 1985-1989 3.2(0.76-9.7) USSR, RSFSR 1985-1990 0.02
Netherlands 1974-1985 (0.9-31) 0.02-0.28 United Kingdom 1981-1985 0.02, 0.03
Health-care level 11 Health-care level 111
Brazil 1987 0.2 Myanmar 1985-1990 6.4 0.32
Ecuador 1985-1989 1.9 (1.3-27)

The entrics in this Table are qualified as follows:

Australia:
France:

Japan:

Netherlands:

New Zealand:

ESD gven is per film.

The range of the ESD is the average for different projections. The value given for the effective dose equivalent is per film, the effective
dose equivalent per caput is 0.037 mSv.

Data also from {U1). The ESD has been estimated from exposure (mR) multiplied by 0.0087X.75. The first value for effective dose
equivalent for 1985-1989 is for intraoral, the second value for extraoral examinations. The per caput cffective dose equivalent for Japan
is 0.027 mSv [112). For 1989, Hg: 0.024 mSv; E: 0.052 mSv [M44).

Data also from [V2, V10). Range of ESD: on average, 2.4 films are used per examination. Effective dose equivalent is for complete mouth
survey; for pantomogram it is 0.13 mSv.

Data also from [W12]. The ESD values are per film. The ESD value for the period 1985-1989 is qualified by the fact thal on average 1.6
films were used per examination.

Romania: Effective dosc equivalent is per caput.

Spain: The values for ESD (and range) are for intraoral examinations.

Sweden: Data also from [S1, $3]. On average, 1.2 films were used per cxamination; 1985-1989: on average, 2.4 films were used per examination.

The effective dose equivalent per caput is 0.01 mSv, for the complete mouth survey it is 0.14-0.23 mSv,
USSR: The value for effective dose equivalent is given for intraoral examinations.
United Kingdom: The first value of the effective dose equivalent is for intraoral, the second one for extraoral examinations. On sverage 2.4 films were used
per examination (1981-1985).
Table 19
Mean absorbed doses from dental x-ray examinations in France ¢
(B5]
Mean obsorbed dase (mGYy)
Periapical incisor Periapical molar Panoramic projections
Organ Circular
Upper Lower Upper Lower Maxillary Elliptical
occlusal 2 centers of rotation 3 centers of rotation

Lens 0.10 0.07 0.05 0.02 3.60 0.03 0.03 0.08
Thyroid 0.14 0.08 0.04 0.08 0.07 0.0} 0.05 0.06
Parotids 0.01 0.02 0.40 0.41 0.04 0.90 1.40 0.08
Tongue 0.12 0.27 0.05 0.06 0.12 0.40 3.10 0.59
Sublinguals 0.03 0.03 0.10 0.13 0.04 - . -
Pharynx <0.01 0.01 0.06 0.04 0.0] 0.19 0.80 0.40
Sinuses 0.08 0.06 0.28 0.04 435 - - -
Back of neck 0.04 0.02 0.0 0.03 0.04 - - -
Brain <0.01 <0.01 0.01 <0.0} 0.01 - . -
Bone surface 0.07 0.09 0.65 0.74 0.10 0.10 0.15 0.15

¢ Undetlined values are doses >0.2 mGy.
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Table 20
Collective dose from diagnostic x-runy examinations worldwide, 1985-1990
Number of examinations Effective dose egquivalent Annual collective effeciive
Examination/site per 1,000 population per examination (mSv) dose equivalent (man Sv)
lLevel | Level Levels Level | Level Levels , Level Level Levels )
I " arv | Yo u mav | Vo ! i my | e
Chest radiography m 2 34 63 0.14 0.14 0.14 0.14 31500 8130 6240 45900
Chest miniature 260 20 1.5 iz 0.52 0.52 0.52 0.52 182000 27100 1040 210000
Chest fluoroscopy 33 48 9.0 34 0.98 0.98 0.98 0.98 43100 124000 11500 178000
Extremities 121 i1 5.6 38 0.06 0.06 0.06 0.06 10600 1800 440 12800
Lumbosacral spine 54 3.0 18 16 1.7 2 26 1.8 122000 20400 6130 148000
Pelvis 21 L5 0.89 6 1.2 20 20 13 32800 710 2320 42900
ILpAemur 12 11 0.89 4 0.92 20 20 11 15300 5740 232 23300
Skuli 40 4.4 33 13 0.16 0.16 0.16 0.16 8560 1860 690 11100
Abdomen 32 6.0 3.0 12 1.1 11 11 11 44700 16600 4180 65500
Upper GI tract 52 28 0.89 15 4.1 5.0 5.0 4.2 285000 36700 5800 328000
Lower GI tract 1 0.99 0.69 4 1.2 12 12 12 112000 16800 6520 137000
Cholecystography 9 0.21 0.78 3 L5 1.6 1.6 15 18100 900 1630 20600
Urography 14 1.8 1.2 5 3.1 31 31 31 58200 14700 4660 71500
Angiography 6 0.21 0.10 2 6.8 6.8 6.8 6.8 57300 3670 880 61900
Mammography 12 0.43 0.06 3 1.0 1.0 10 1.0 17000 1170 84 18300
CcT 39 0.32 0.38 10 43 43 43 4.3 224000 3610 2110 230000
Total 887 124 64 304 1262000 292000 56500 1610000
Averags per exa- 105 | 090 | o067 | 10
mination (mSv)
Average dose 093 | om | 0043 [ o030
per caput (mSv)
Table 21
Contribution of different types of diagnostic examinations to the collective dose
Contribution 10 i1otal collective dose (%)
Examination/site
Level ] Level JI Levels 111-1V World
Upper GI tract 3 13 10 20
Computed tomography 18 1 4 14
Chest mass miniature 14 9 2 13
Chest fluoroscopy 3 42 2 n
Lumbosacral spine 10 7 1l 9
Lower GI tract 9 6 12 9
Urography 5 5 8 s
Angography s 1 2 4
Abdomen 4 6 7 4
Pcivis 3 3 4 3
Chest radiography 2 3 11 3
Hipfiemur 1 2z 4 1
Cholecystography 1 0.3 1
Mammography 1 0.4 0.1 1
Extiremities 0.8 0.6 0.8 0.8
Skull 0.7 2.6 1 0.7




302 UNSCEAR 1993 REPORT

Table 22
Annual individual and collective effective dose from dlagnostic x-ray examinations

Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated

Effective dose equivalen: (mSv) Collective effective
Country Year dose equivalent Reference
Per individual patient Per caput (man Sv)
Heslthcare level 1
Canada 1980 08°* 1.0° 24000 ¢ w1
Czechoslovakia 1980 0.9 0.6 8600 [K17)
Denmark 1986-1990 1.4 0.7 3600
Finland 1978 0.6 0.7 3300 [u1)
1987 0.8 0.7 3500 R9)
France 1982 20 1.6 89000 [U1)
Germany, Fed. Rep. of 1979 20 177 102000 {U1)
1983 1.5 90000 BT}
1988 1.0 1.0 61000 (817)
Ttaly 1983 11 0.8 48000 P19, U1)
Japan 1979 13 151000 [uy)
1989 19 22 266000 M32]
New Zealand 1981-1985 0.67 0.4 1400
Netheriands 1980 0.57 0.34 4800 (B6)
1987 0.56 0.31 4500 [B6}
Norway 1988 0.9 0.6 2500 [822)
Poland 1976 1.7 58700 [192}]
1988 1.2 0.8 30000 fL21)
Portugal 1988-1989 0.76 0.53 5400 {552)
Romania 1980 1.1 0.6 14100
1990 L1 0.5 12300
Spain 1985-1986 1.4 0.8 31100 [vs)
- Sweden 1985 1.1 0.6 4600 [v4)
Switzerland 1985-1990 04 0.4 2700
USSR 1980 1.1 11 292000 [N4]
1986-1987 1.15 1.15 326000 [N4, s18]
USSR, RSFSR 1976-1980 1.18 1.13 153700
1981-1985 1.14 1.16 163300
1986-1990 1.14 1.10 161000
United Kingdom 1983 0.7 0.3 16000 [H10]
1989 0.35 20000 [S43]
United States 1980 0.5 0.4 92000 N1, U1]
Health-care level 11
China
Beijing area 1983 0.6 0.4 3600 {21, Z4)
Entirc nation 1985 0.6 0.09 94000 {26)
India ® 1989 0.2 0.02 16800 (S40]
Iran (Islamic Rep. of) ® 1980 0.5 0.09 3500 Uy
Iraq & 1972 0.7° 0.2° 1700 ° [un
Turkey ® 1977 0.2° 7000 ° (15}
Health-care leve 11T
Myanmar 1986-1990 5 0.05 2000
Thailang ¢ 1970 0.2° U1}
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Table 22 (continucd)

The entries in this Table arc qualified as follows:

haly: Data for the north-cast of country have been extrapalsted 1o the entire country.

Japan: Collective effective dose equivalent includes 16,100 man Sv from stomach mass scrcening: 69,000 man Sv from chest mass screening:
5,600 msn Sv from computed tomography; 2,900 man Sv from dental radiography.

Spain: Excluding military and pre<mployment screening.

Estimated from genctically significant dese, GSD [0.3 mSv and average ratio GSD/Hy, for health-care level 1 (0.3/1; range of level I ratics: 0.14/1-0.5/1)).
b Apparently excludes fluctoscopy. For approximate sdjustment, it could be assumed that 50% of all examinations are fluoroscopic and thal these cause, on
average, 15 times higher absorbed doses per examination {U1).

Table 23
Estimated doses to the world population from diagnostic medical and dental x-ray examinations

Health-care Population Annual per caput Annual collective effective

level effective dose equivalent (mSv) dose equivalent (10° man Sv)

(millions)
Medical Derai Medical Deraal

1 1350 1 0.01 1300 14

I 2630 0.1 0.001 290 3

m B50 0.04 0.0003 40 03

v 460 0.04 0.0003 20 0.1

Total 5290 - - 1600 17
Average - 03 0.003 . .
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Table 24

Regulations or recommendatlons on quality assurance

Data from UNSCEAR Survey of Medical Radiation Usage and Exposures, unless otherwise indicated

X-ray diagnostics

Radiation therapy

Nuclear madicine

o endo. | moin | Mo0r |l | | Meon | T | soon
tions tions rudes tions tions rule tions tions rules
Health-care level 1

Argentina *® * *
Australia * x *
Belgium *® * *
Canada ¢ £ * * * *
Czechoslovakia * * *
Denmark * * *
Ecuador * * *
Finland % * *
France * * *
Germany, Fed. Rep. of * * *
Japan b x * *
Kuwait * * *
Luxcmbouwr g * * *
Malta * *® *
New Zealand * * *
Norway x * *
Poland * * *
Romania ® * *
Singapore * *
Spain x * »*
Sweden * * *
Switzerland = = *
USSR, RSFSR * * *
United Kingdom = x x
United States © * x * *
Yugoslavia * * *

Toxal 12 12 4 12 B 6 10 12 4
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Table 24 (continued)

X-ray diagnastics Radiation therapy Nuclear madicine
Country Legal Recom- Legal Recom- Legal Recom-
N No QA No QA
regula- menda- : uﬁ: regula- menda- : uIQc: regula- menda- :dgr
tions tions tions tions tions tions

Heulth-care level 11

Barbados * * x

China * * * *

Honduras ¢ *

India * * *

]_raq * * %*

Jamaica * * *

Nicaragua 4 *

Peru ¢ * * *

Turkey * * *

Total 3 3 3 3 2 2

*»
w
W

Health-care fevel T

Cape Verde *

Djibouti * * *

Dominica ¢ *

Egypt * * *

Myanmar x

Philippines *

Saint Lucia ¢ *

Sudan * * *

Thailand * * *
Total 1 M) 3 1 2 1 1 2 1

Health-care level IV

Ethiopia ® *«

Rwanda * * *
Total 1 i 1 1 1

LN

For x-ray diagnostics, legal provincial regulations prevail and fcderal recommendations have been made. For radiation therapy, recommendations exist in some
provinces. In practice, recommendations on nuclear medicine are enforced as icgal regulations.

The Jup Industrial Standards are used as technical guides for x-ray diagnostics and radiation therapy.

For x-ray diagnostics, a few stales have legal regulations and federal recommendations have been made.

Data from PAHO.

Regulations in preparation.
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Table 25
Total annual number of nuciear medicine examinations per 1,000 population

Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated

Country 1970-1979 1980-1984 1985-1990 Couniry 1970-1979 1980-1984 1985-1990
Heslth-care fevel 1
Argentina 11.5 Kuwait 13.1
Australia 3.8 8.9 8.3 Luxembourg 235
Austria [U1] 18.0 Netherlands 116
Belgium 36.8 New Zealand 5.6 73 15
Bulgaria {U1) 13.0 Narway 3.9 9.3
Canada 12.6 Romania 3.0 s
Czechoslovakia 13.6 18.3 29 Sweden 9.8 126
Denmark 14.0 142 134 Switzerland 49
Finland [A12, L18) 12.6 17.7 USSR [N4) 39
France [120, U]) 9.0 6.9 United Kingdom 6.8
Germany, Fed.Rep. 311 39.7 39.8 United States 257
laly 6.0 7.3 Yugoslavia 6.1
Japan 83
Average 1 6.9 16
Health-care level I1
Barbados 1.0 Iraq 1.2
Brazil [C14] 1.7 Jamaica 28 20
China 0.6 Peru 0.2
Cube [U1] 0.8 Tunisia L0
Eouador 0.5 08 Tukey 25
india 0.1 0.2
Average 0.9 0.1 0.5
Health-care level 111
Egypt 0.07 0.21 0.48 Sudan 0.12 0.28 0.28
Myanmar 0.54 0.36 0.11 Thailand 0.25 0.18 0.26
Average 0.25 0.25 0.30

Heslth-care level 1V

Ethiopia 0.014 0.10




Table 26

Average annual number of dingnoslic nuclear medicine examinations per 1,000 population
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures, unless otherwise indicated

Lung Thyroid
Country Year Bone Brain Cardiovascular Liver/spleen Kidney Other
Ventilation Perfusion Scan Uptake
fealth<care {evel [
Argentina 1985-1989 28 0.4 1.6 1.1 0.24 0.8 45
Austalia 1970 0.05 1.0 0.6 0.001 0.5 0.1 1.5%
1980 20 1.5 0.2 1.7 0.3 0.9 0.1 0.8 0.05 03
1984 26 0.3 1.0 12 0.6 0.9 0.5 08 0.07 0.9
1991 34 LS 0.2 1.5°¢ 08 0.6 0.01 0.3
Canada 1985-1989 16.8 40 08 1.0 0.2 0.4 0.3 09 08 0.5
Czechoslovakia 1970-1974 0.09 13 0.02 3.6 0.05 0.1 6.1 1.7 1.0
1976-1980 2.1 0.4 0.2 26 0.2 0.4 4.3 1.8 0.5 06°
1981-1985 14 0.5 0.5 1.9 0.4 1.1 6.7 1.9 0.2 1.6°¢
1986-1990 4.6 0.6 1.2 2.2 0.6 1.8 8.4 1.8 0.2 16°
Denmark 1977-1980 22 2.4 0.6 1.2 0.1 0.5 29 13 0.7 1.1
1981-1989 2.7 1.4 1.0 0.7 0.4 0.7 4.5 1.0 0.5 1.3
1986-1990 2.5 08 11 0.1 0.4 0.7 48 1.6 0.3 1.1
Finland [A12] 1975 0.6 34 0.3 19 0.06 0.6 33 13 0.6 0.5
1982 3.1 49 0.6 22 0.05 11 3.0 1.8 0.2 0.7
France (L20, U1) 1990 2.6 0.7 1.4 1.9 0.4
Germany, 1976-1980 44 40 0.2 4.0 0.05 22 39 9.3 1.8 1.2
Fed. Rep. of 1981-198S 9.6 1.4 24 13 0.2 29 21 18.2 0.2 0.9
1986-1990 10.3 1.1 28 0.9 0.2 3t 2.5 1.7 0.2 0.9
Taly 1974 0.06 0.6 0.09 124 0.06 0.04 0.7 0.2 30
1985 20 0.2 03 1.5 0.02 0.2 0.3 2.0 0.7
Japan 1985.1989 2.1 0.3 0.9 0.9 0.3 1.8 0.4 04 1.4
Kuwait 1985-1989 1.7 0.2 1.8 1.1 0.4 0.8 39 3.2 0.03
Netherlands 1985-1989 36 1.2 L5 LS 0.4 0.7 0.8 1.1 0.3 0.4
New Zealand 1970-1974 0.3 1.2 0.3 0.7 0.3 0.06 04 12 0.2
19751979 1.5 24 0.1 1.3 0.1 0.6 0.2 0.7 0.7°¢
1980-1984 22 1.3 04 1.2 0.4 0.5 0.5 0.7 03f
1985-1989 28 1.0 0.4 0.6 0.6 0.8 0.7 03
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Table 27

Average unnual number of diagnostic nuclear medicine examinations per 1,000 population by health-care level
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures

Average * Mean = SD ® Median ®
Examination Year
Level Leve! Level Level Level Levels Level Level Levels
1 n m-rv ! n ni-rv 1 n m.rv
Bone 1970-1980 0.84 0 0.001 14220 0 0.0005 = 0.0006 0.60 0 0.0004
1980-1985 26 0.041 2427 0.024 = 0.045 21 0.002
1985-1990 4.8 0.016 0.084 33=+26 0112011 0.056 = 0.099 28 0.10 0.011
Brain 1970-1980 1.3 0.3 0.022 19= 16 0.34 > 0.59 0.017 = 0.014 1.5 0 0.018
1980-1985 1.1 0.013 1.1=13 0.011 « 0.011 1.0 0.011
1985-1990 0.42 0.006 0.007 0.63 = 0.92 0.12 =024 0.007 = 0.008 0.36 0.010 0.003
Cardiovascular 1970-1980 0.53 0 0.0007 0.77 = 21 0 0.0005 = 0.0005 0.11 0 0.0004
1980-1985 0.58 0.003 0572074 0.002 = 0.002 0.28 0.001
1985-1990 26 0.008 0.014 13+17 0.044 = 0.11 0.008 = 0.013 0.9 0.001 0
Liverfspleen 1970-1980 1.7 0.087 0.086 1.8=14 0.12 = 0.19 0.047 = 0.069 1.2 0.013 0.021
1980-1985 1.2 0.034 1.0=075 0.029 = 0.035 1.1 0.012
1985-1990 1.4 0.023 0.016 0.89 = 0.62 0.076 = 0.06 0.014 = 0.012 0.88 0.066
Lung ventilation 1970-1960 0.13 0 0.0001 0.16 = 0.32 0 0.00002+0.00003 0.06 0 0
1980-1985 0.26 0.0001 0.19 = 0.17 0.00003+0.00006 0.15 0
1985-1990 1.2 0.001 0.008 0.49 = 0.62 0.000120.0003 0.003 = 0.007 0.25 0 0
Lung perfusion 1970-1980 0.34 0.024 0.0003 0.58 = 0.65 0.036 = 0.062 0.000120.0002 0.46 0 0.0001
1980-1985 0.94 0.002 0.71 = 0.81 0.001 = 0.002 0.67 0.001
1985-1990 22 0.002 0.008 0.78 = 0.98 0.046 = 0.071 0.005 = 0.010 0.58 0.018 0
Kidncy 1970-1980 1.8 0.041 0.006 1.9+19 0.051 = 0.079 0.0049 =+ 0.0047 0. 0.012 0.005
1980-1985 13 0.009 1.6 =22 0.007 = 0.012 0.48 0.001
1985-1990 1.4 0.096 0.023 1.9=21 0.053 = 0.062 0.020 = 0.036 0.88 0.27 0.006
Thyroid scan 1970-1980 1.3 0.40 0.066 21227 0.42 + 0.55 0.067 * 0.042 13 0.21 0.063
1980-1985 25 0.048 23+ 5.1 0.059 * 0.049 0.90 0.056
1965-1990 1.8 0.062 0.066 24+40 0.39 > 0.46 0.079 + 0.087 1.4 0.25 0.063
Thyroid uptake 1970-1980 22 0.25 0.10 14=+15 0.083 = 0.143 0.104 = 0.092 0.77 0 0.080
1980-1985 0.17 0.063 0.15 = 0.16 0.078 = 0.085 0.15 0.051
1985-1990 0.55 0.17 0.052 0.38 = 0.30 0.091 + 0.13 0.051 = 0.049 0.32 0.52 0.028
Total 1970-1980 10.9 0.86 0.25 15+ 13 135123 0.24 = 0.21 126 0.80 0.18
1980-1985 6.9 0.10 0.19 127+98 0.10 ¢ 021 =0.13 103 0.10 0.21
1985-1990 16.2 0.54 0.28 15= 10 1.120.76 0.25 = 0.15 120 1.0 0.26

c

Overall avarage: 1otal number of examinations divided by the 10tal population of countries (thousands).
Mcan or median of individual values of countries.
Data from India only.
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Table 28

Age- and sex-distributlon of patients undergoing diagnostic nuclear medicine exuminations, 1985-1990
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures

Health-care Age distribution (%) Sex distribution (%)
level Country
0-15 years 16-40 years >40 years Male Female
Bone

I Australia 6 pL] 69 47 53
Canads 3.4 10 87 36 64
Czechoslovalaa 1.9 49 49 48 52
Germany, Fed.Rep. 2 4 94 48 52
Ttaly 0.8 8.2 91 34 66
Kuwait 45 30 25 60 40
Netherlands 3.9 24 n 53 47
New Zealand 58 13 8] 44 56
Norway 26 11 86 52 45
Rormania 35 19 8 65 35
Sweden 27 13 85 46 54
Yugoslavia 3.4 30 67 41 59
Average % 14% 83% 45% 555

bl China 21 35 44 63 37
Ecuador 5.1 25 70 63 37
Iraq 30 70
Peru 20 41 40 40 60
Average 18% 35% 47% 51% 49%

m Egypt 4.4 40 56 31 69
Myanmar 0 40 60 60 40
Sudan 0 2 98 49 S
Thailand 0.3 33 67 17 83
Average 1% 2% 67% 36% 64%

Brain

1 Auslralia ° 20 22 58 52 48
Canada 26 25 2 49 51
Czechoslovakia 0 18 82 54 46
Germany, Fed. Rep. of 0 25 s pA} 75
Ttaly 0 10 90 53 47
Kuwait 4.7 7 20 90 10
Netherlands 3.6 17 80 58 42
New Zealand 45 30 66 53 47
Narway L6 19 80 46 54
Romania 86 48 43 7 43
Sweden 0.1 26 74 50 50
Yugoslavia 0 30 70 45 55
Average 3% B 1% 46% 4%

] China 17 pZ] 59 60 40
Ecuador 0 14 86 10 90
Iraq 48 52
Peru 48 26 26 40 60
Average A% D% 3% 4% 5%

ot Myanmar 0 0 100 50 50
Sudan 21 18 61 42 58
Thailand 1.4 26 3 45 55
Average 5% 16% 9% 46% 54%

v Ethiopis 12 64 24 58 42

Cardiovmscular

1 Ausiralia (thallium) 0.1 9 91 62 a8
Australia (lechnitium) 2 11 87 62 38
Cansda 6 9.5 85 62 38
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Table 28 (continucd)

Age distribution (%)

Sex distribution (%)

Health-care
level Country
015 years 1640 vears >40 years Male Female
1 Czechoslovakia 38 52 45 64 36
(continucd) Germany, Fed. Rep. of 0 17 83 s 25
italy 0 11 89 76 24
Kuwait 0.8 29 70 55 45
Netherlands 0.6 9.1 90 66 34
New Zealand 0.7 13 86 66 34
Norway 0.1 23 77 58 42
Romania 0 14 86 50 50
Sweden (Hood poal) 1] 46 54 66 34
Sweden (myocardical) 4] 1.4 9 64 36
Yugoslavia 2 pA] 3 75 pA)
Avetage 1% 16% 83% 68% n%
n China 33 67
Ecuador 0 10 90 75 25
Average 0% 10% 909 43% 57
a1 Egypt 0 0 100 70 30
Myanmar 0 0 100 75 25
Sudan 0 2 98 49 51
Thailand 0.3 33 67 17 83
Average 0% n% 89% 51% 9%
Liver/spleen
| Australia 10 2 68 45 55
Canada 5.7 16 ” 44 54
Czechoslovakia 47 55 40 58 42
Italy 37 62 48 52 66
Kuwait 1.6 25 3 45 55
Netheriands 1.2 13 B6 56 44
New Zealand 1.2 14 8S 50 50
Norway 0.7 2 n 51 49
Romania 29 34 63 50 50
Romania 6.6 41 52 L 21
Sweden 1.7 11 87 a4 56
Yugoslavia § 30 62 66 M
Average 5% 1% 67% 56% 44%
n China 24 32 66 n 29
Ecvador 5.8 32 62 50 50
Irag 34 66
Peru 5.6 47 48 40 60
Average % 34% 635 62% 38%
m Egrpt 10 33 57 66 34
Myanmar 0 50 30 50 50
Sudan 4 45 51 50 49
Thailand 0.3 27 3 50 50
Avenage % 37% 60% 55% 45%
Lung ventilation
1 Australia ® 1 17 82 42 58
Canada 17 10 88 66 34
Czechoslovakia 0 63 37 53 47
Germany, Fed. Rep. of 0 0 100 38 62
Tnly o 56 94 S4 %
Kuwait 0 35 65 50 50
Netherlands 0.6 14 85 61 39
New Zealand 0.8 28 n 54 46
Norway 14 15 83 40 60
Romania & o 37 63 67 33
Sweden 0 21 79 49 51
Average 0% 13% 86% 51% 49%
m Egvpt (] 58 42 48 52
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Table 28 (continued)
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Health-care Age distribution (%) Sex distribution (%)
level Country
@ 0-15 years 16-40 yeors >40 years Male Female
Lung perfusion
1 Canada 0.6 16 84 44 %
Czechoslovakia 05 64 36 S0 S0
Kuwait 0 3s 65 50 S0
Netherlands 0.4 18 82 56 44
New Zeatand 0.6 24 75 54 26
Norway 05 16 83 4 S6
Sweden 0.1 15 84 42 58
Yugoslavia 0 33 67 65 35
Average 0% 2% 3% 52% 48%
n Ecuador 0 25 A 38 62
Peru 8.3 33 58 50 S0
Average 5% 30% 64% 46% 54%
m Myanmar 0 0 100 50 50
Sudan 0 0 100 100 0
Average 0% 0% 100% 69% 31%
Kidney
I Australia 31 3 46 54 a6
Canada 25 31 44 30 70
Czechoslovakia 21 39 40 50 50
Germany, Fed. Rep. of 10 30 60 60 40
Italy 14 21 65 54 46
Kuwait 15 n 13 70 30
Netherlands 14 is 48 45 55
New Zealand 15 32 53 55 45
Norway 38 26 70 49 51
Romania 0.9 36 63 45 sS
Sweden 21 26 53 52 48
Yuposlavia 57 32 62 29 n
Average 14% 29% 51% 50% 50%
o China 5.2 49 46 5 41
Ecuador 0 89 11 10 90
lrag 58 42
Peru 9.9 50 41 50 50
Average 5% 52% 43% 54% 46%
m Egypt 18 56 27 62 38
Myanmar 0 100 0 5 pa)
Sudan 15 36 49 52 48
Thailand 1.7 pad 76 14 86
Average 8% 52% 40% 48% 2%
v Ethiopia 1.7 74 18 33 67
Thyroid scan
1 Canada 08 48 51 14 86
Czechoslovakia 33 64 33 18 82
Kuwait 5 75 20 20 80
Netherlands 0.7 31 69 31 69
New Zealand 1.7 2 69 16 84
Norwsy 24 2 69 16 84
Sweden 0.9 24 75 19 81
Yugoslavis 0.5 30 70 28 n
Average 1% 40% 59% 21% %
i China 4.5 53 43 n ]
Ecuador 9 p) 69 14 86
Peru 9.8 39 51 20 80
Average 6% 49% 46% 21% Y%
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Tuble 28 (continucd)

Health-care Age distribution (%) Sex distribution (%)
level Country
0-15 years 16-40 years >40 vears Male Female
m Egypt 9.5 62 33 24 76
Myanmar 0 18 82 25 75
Sudan 4 " 25 14 86
Thailand 1.9 52 46 1 89
Average 4% 50% 47% 19% 81%
v Ethiopia 0.7 80 20 40 60
Thyroid uptake
I Australia 2 36 62 15 85
Cansda 0 42 58 14 86
Czechoslovakia 0 56 44 24 76
Germany, Fed. Rep. of 0 16 84 26 7
haly 1 37 62 16 84
Kuwait 0 90 10 30 70
Netherlands 0.4 37 63 40 60
New Zealand 0 20 80 20 80
Norway L5 2 7 17 83
Romania 45 3 58 33 67
Yugoslavia 0 45 55 18 82
Average 1% 33% 66% 2% 8%
n China 6.5 60 34 23 n
Ecuador 9.1 2 69 14 86
Iraq 24 76
Peru 12 47 41 20 80
Average 1% 55% 38% D% 8%
I Myanmar 0 35 65 30 70
Sudan 4 n 25 14 86
Thailand 1.8 52 46 12 88
Average 2% 50% 48% 18% 82%
Other
1 Canada (Ga67) 21 33 65 50 50
Canada (In-111) 0 12 88 57 43
Czechaslovalsa, blood cells 6 59 35 52 48
ltaly (Ga-67) v} 26 74 50 50
Netherlands 4.4 31 64 49 51
Romania 0 63 37 100 0
Yugoslavia 0 50 50 50 S0
Average 1% 35% 64% 58% 2%
I Chira 2 27 K 64 36
All organs
i Japan 3 1.7 89 54 46

The entries in this Tablc are as follows:

Canada:
Peru:
Romania:
Sweden:
Thailand:

Yugoslavia:

Data are for Nova Scotia Provinee only (about 3.5% of the population).

Data are from Instituto Peruano de Energia Nuclear only, where about 60% of all examinations are carvied out.

Data are for 1990.

Data are for Stockholm county only (about 20% of the population). Age distribution: 0-14 years, 15-39 years, >40 years.

Data are from the National Cancer Institute and Rajsvithi Hospital only.

Data are for Serbia only (sbout 40% of the population).

Values are maningful for early part of the period only, since CT and magnetic resonance imaging (MRI) have replaced Te-99m.

&

Includes lung perfusion.
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Table 29 (continued)

Average activity administered (MBq) (Range in parentheses)

Country Year Bone Brain Cardiovascular
PmTe phosphate Otherlunknown 99mTe pertechnetate 9mre gluconate Otherlunknown PmTe erythrocytes 20177 chloride Osherfurknown
Sudan 1086-1990 555 444
Thailand 1976-1980 275 Az 740
1981-1985 269 350 - 584
1986-1990 197 359 ¢ 475
Heulthcare level IV
Ethiapia 1970-1989 500 < (370-555) 500 (370-555)
PART il: LIVER/SPLEEN, LUNG, KIDNEY
Average aclivity odminisiered (MBq) (Range in parentheses)
Country Year Liver | spleen Lung Kidney
YmTe colloid Pmre HIDA Otherfunknown PmTe MAA 9mTe microspheres Otherf{unknown DI hippurate 12} pippurate
Henith-care level I
Argentina 1985-1989 11 74
Australia 1970 61 60 11°
1980 115 120 97 434 °
1984 121 110 102 mnpnr
1991 128 174 - 252°
Canada 1970-1974 me 18.5
1985-1989 111 (37-148) 111 (37-148) 185 (148-222)
Czechoslovakia 1970-1974 60 (40-120) 160 (100-400) 160 (100-400)
1976-1985 240 160 240 807
1986-1990 240 (80-300) 160 280 (200-400) 240 (200-400) 807
Denmark 1989-1990 65-129 183 102 260°/ 1057 1-29 108
Finland [A12) 1975 74 (19-300) 130 (74-220) 0.9 (0.4-3.7)
1982 120 (40-220) 120 (74-200) 1.0 (0.4-1.6)
Germany, Fed. Rep. 1986-1990 135-143 168 141-160 '/3.7* 129 148 141" 40.4
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Table 29 (continued)

Average activity administered (MBq) (Range in parentheses)
Country Year Kidney Thyroid
Pre other 99" Tc pertechnetate Dy yprake 131 scan 121 wprake ]
Henlth<are level 11
China
Beijing area 1970-1974 0.11 (0.07-0.15) 3.7(1.59.3)
1985-1989 260 7 (222-296) 0.11 (0.07-0.15) 11.1(7.4-18.5)
Entite nation 19861900 23 0.10 5.9
Ecuador 1970-1974 3.0( -5.6) 3.0( -5.6)
1985-1989 296 °( -444) 3.0( 44) 30( 4.4)
India 1985-1989 194 (74-555) 94 (15-148) 0.74 (0.2-1.9) 1.7 (0.9-3.7)
Iraq 1985-1989 (200-400) ~ *
Jamaica 1970-1974 10( -25) 10( -26)
1985-1989 74( -182) T4( -148)
Petu 1985-1989 740 (555-925) 185 (111-259) 0.4 (0.2-0.4)
Tunisia 1970-1974 185 ¢ m 3.7
1985-1989 11 111 1.1
are level 111
Egypt 1986-1990 81 ¢ 1357 81 0.28 27
Mysanmar 1976-1980 747 0.37 1
1981-1985 747 0.37 1
1986-1990 747 0.37 1
Sudan 1976-1980 L1
1981-1985 11
1986-1990 1484, 747 37 13
Thailand 1976-1980 12° 0.5 0.45
1981-1985 20" 0.35 0.47
1986-1990 ¢ 0.12 0.23
are level IV
Ethiopia 1970-1989 747 (37-74) 1.7(1.7-2.2) 1.7
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Table 29 (continucd)

The entries in this Table are qualified as follows:

Australia: Owing to the substitulion of CT and MRI for Tc-99m, the number for brain examinations with Te-99m pertechnetate and Te-99mTe-
guconate for 1991 is 100 small to state average. Information pertaining to Part 111 of Table: 57Ga citrate tumout/infection, 1980: 166 MBg;
1984; 210 MBq; 1991; 212 MBq.

Czechaslovakia: Information pertaining 1o Part 111 of Table: Te-99m HMPAO biood cdls, 1976-1990; 160 MBq.

Canada: Data are for Nova Scotia Province only (about 3.5% of the population).

New Zealand: Almost all 131 uptakes are done on patients teceiving large therapeutic B[ doses. In effective dose estimations uptske should be
assumed = 0. About one third of © thyroid scans are also used 10 assess uptake.

Yugoslavia: Data are far Serbia and Macedonia only (about 50% of the population). Data for 1970-1974 are for Serbia only.

?  Radicisolope used is Sr-85.

b

Radioisotope compound used is 1-131 RUSA
Radiaisotope compound used it Tc-99m HMPAO.
Radicisotope compound used is Te-99m MIBL
Radicisotope compound used is Tc-99m DTPA.
Radiaisotope compound uses is Tc-99m PP.

Radidisatope compound used is 1-123 amphetamine.
Radioisotope used is Tc-99m.

Radicisotope used is Tc-99m partechnetate.

Radioisotope used is Se-75 methicninc.

Radioisotope compounds used are Tc-99m phosphate/phosphonate.
Radiaisotope compound used is Fe-59 dtrate.
Radicisotope compound used is Cr-51 ditrate.

" Radioisotope used is 1-131.

°  Radicisotope used is Xe-133.

7 Radidisotope form used is Tc-99m aerosol.

9 Radicisotope compound used is In-111m cdlaid.

’  Radicisotope compounds of Tc-99m arc millimicrospheres, denatured erythrocytes and phytate.
Radicisotope form used are Cr-51 denatured erythrocytes.
' ING.

Sequence.,

¥ Radicisotope used is Au-198.

*  Radicisotope used is In-113.

?  Radioisotope used is Hg-197.

¥ Radiaisotope compound used is Tc-99m DMSA

‘  Radicisotope compound used is Tc-99m MAG3.
Radicisotope compound used is Tc-99m gluconate.

- > w Y~ ~ oo~

3 =~

o Radicisolope compound used is Cr-51 EDTA.
Tuble 30
EfTective dose cquivalents to patients from diagnostic nuclear medicine examinations (mSv)
Health-care level 1 Health-care level 1l
Examination
zechoslovakia, 1987 |30} Denmark, 1990 [E3] lialy, 1989 [D11) China, 1985 {26}

Bone 45 1.1-6.8 0.5
Brain 3.5-6 0.6-11.3 37 1.8
Cardsovascular 43-17.2 3.0-225 13
Liver/spleen 1.4-3.5 0.9-2.6 1.9 212°
Lung ventilation 0.07-0.25
Lung perfusion 1.2 11 14
Kidney 0.04-2.1 0.01-13 1.7 <0.1
Thyroid scan 1-36.3 21-13.7 21 94,03 %
Thyroid uplake 31 3 15

Average 2-4 3 4.5 15-30

When Tc-99m is available. Standard procedure: Au-198.

b When Tc-99m is availablc. Standard procedure: 1-131.
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Table 31
Age-dependent analysis of cffective dose equivalents to paticnts from diagnostic nuclear medicine examinations
Dase foctor Average Effective dose Examinations Effective dase
Orpan Radiopharmaceutical activity * equivalers per per 1,000 equivalent per
(mSVIMBg) (MBg) examination (mSv) population ¢ caput (uSv)
Age group: 0.9 years

Bone Tec-99m phosphate 0.025 380 9.5 0.17 1.6
Brain Tc-99m guconate 0.024 460 11.1 0.05 0.6
Cardiovascular T-201 chioride 20 37 3 0.004 0.3

Tc-99m erythiocytes 0.025 555 139 0.006 0.08

Age group: 10-19 years

Bone Tc-99m phosphate 0.010 570 5.7 0.20 11
Brain Te-99m gluconate 0.011 690 7.6 0.19 15
Cardiovascular T-201 chloride 0.36 55 19.7 0.004 0.08

Tc-99m erythrocytes 0.011 830 9.1 0.006 0.05

Age group: sdults

Bone Tc-99m phosphate 0.008 790 6.3 6.39 403
Brain Te-99m gluconate 0.009 962 8.7 4.47 38.7
Cardiovascular T-201 chioride 0.3 76 17.5 0.79 13.8

Tc-99m erythrocytes 0.0085 1156 9.8 1.19 ns
Liver/spleen Tec99m callaid 0.014 17 16 4.81 7.9

Tc-99m HIDA 0.024 26 5.4 0.16 0.9
Lung Tec99m MMA 0.012 114 14 1.83 25
Kidney Te-99m gluconate 0.009 523 4.7 0.75 35
Thyroid Te-99m pertechnetate 0.015 250 38 1.12 4.5

1-131 ionic 66" 038 25 136 3.4

Total 2356 127.2

¢

L]

Activity administered and examination frequency for Manitoba, Canada [H17). For children, it was assumed here that activitics administered were reduced
according to Beentjes [B20].
Assumed thyroid uptake: 15%.
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Table 32

Collective doses from nuclear medicine examinations, 1985-1990

Number of examinations Effective dose Annual collective effective dose
per 1,000 population per examination (mSv) (man Sv)
Examination
Level Level Levels Level Level Levels Level Level Levels
Y W W
! n mv | Y|y n mv | Mo 1 n v | Ve

Bone 48 0.016 0.084 1.3 6.3 6.3 6.3 6.3 40700 270 690 41700
Brain 0.42 0.006 0.007 0.11 87 8.7 8.7 8.7 4930 140 80 5150
Cardiovascular 26 0.008 0.014 0.68 14 14 14 14 49900 300 260 50400
Liver/spleen 1.4 0.023 0.016 038 3.5 2 p) 43 6660 1330 460 8450
Lung ventilation 1.2 0.001 0.008 0.30 03 0.3 0.3 03 470 1 3 480
l.ung perfusion 22 0.002 0.008 0.56 1.4 1.4 1.4 14 4160 7 15 4180
Kidney 1.4 0.096 0.023 0.41 4.7 4.7 4.7 4.7 8880 1190 140 10200
Thyroid scan 18 0.062 0.066 0.51 38 94 94 12 9290 15300 8130 32700
Thyroid uptake 0.55 0.167 0.052 0.24 25 25 25 25 1860 1100 170 3130

Total 16.4 0.38 0.28 4.4 127000 19600 9900 156000
Average dose per 53 20 Py 6.
examination (mSv)
Average dose 0094 | 00075 | 00076 | 0.030

per caput (mSv) ’ ’ ’ :

Table 33

Contribution of various types of nuclear medicine examinations to the collective dose, 1985-1990
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures

Conribwion 10 1oial collective dose (%)

Examination
Level ] Level T Levels HI-IV World
Cardiovascular 39 1 3 32
Bone 32 1 7 27
Thyroid scan 7 78 82 21
Kidney 7 6 1 7
Liver/spleen 5 7 5 5
Brain 4 1 1 3
Lung perfusion 3 0.4 0.2 3
Thyroid uptake 1 6 2 2
Lung ventilation 0.4 0.004 0.03 0.3
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Tuble 34
Annual individual und collective cffective dose from nuclear medicine examinations
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated
Effective dose equivalent Hg (mSh) Collective
Country Year effective dose Reference
Per individual patiens Per caput (man Sv)
Tealth-care fevel |
Australia 1980 2.5 0.02 290 Uy
Bulgaris 1980 8.4 0.11 970 Uy
Canada 1980 3.8 017 4200 {L.7)
Manitoba 1985 52 0.13 127 117
Quebec 1989 6.4 0.42 2800 |R10]
Czechaslovakia 1983 22 0.04 430 (H30])
1987 24 0.06 610
Denmark 1985 3 0.05 250 [E3]
1990 3 0.05 250
Finland 1982 430 ¢ (A2}
German Democratic Republic 1978 3.4 0.03 480 |E5)
1981 22 0.02 340
Germany, Fed. Rep. of
(Bavaria and West Berlin) 1985-1986 2732° 0.11-012° 7000 (K10)
Greece (northern part) 1984-1988 25% [P20)
haly 1982 2.9 0.03 1510 {D11)
1983 33 0.03 1890
1989 4.5 0.04 2450
Japan 1982 41 0.035 a2a0/ [M11, M12)
Netherlands 1984 29 0.034 450 ¢ {B20]
27°¢ 0.031 450 - [B20)
Poland 1981 2574 0.06 2000 [S41, U1)
Sweden 1986 35 0.05 420 V4
USSR 1981 8.2 0.032 8600 [N4)
United Kingdom 1982 25 0.02 1000 [1110}
United States 1982 5.0 0.14 32100 [M41, N1]
Health-crre level 11
China 1981-1985 sk 0.005 4950 {uL, 26)
18- 0.02 21000
India 1985-1989 7.9 0.002 1340
*  Value for Bavaria and West Berlin extrapolated 10 the entire country (except new Bundeslinder).
& Comesponds to 2.0 mSv/examination (some patients had more than one examination).
€ Estimate accounting for age distribution of population.
¢ High value caused by ubiquitous use of 1-131, 47% of all examinations with an average collective dose per patient of 51.5 mSv.
€ Of this value 51% is duc to Tc-99m, 47% 10 1-131 and 2.1% to all other nuclides.
! Collective dose component to women is 1,910 man Sv.
§  The collective dose due to the somatic part of the efTective dose cquivalent is reported to be 575 man Sv [B20].
*  Probably underestimate duc to low precision in computation.
! Using two different methods to estimate collective dose per examination from |76]. High valuc depends on 1-131 thyroid scintigraphy with collective dose per
examination being 94 mSv.
! Mainly due to use of I-131.
Tuble 3§

Estimated doses to the world population from nuclear medicine examinations

Health-care Population Annual per capw effective Annual collective effective
level (millions) dose equivalent (mSv) dose equivalent (10° man Sv)

1 1350 0.9 130
il 2630 0.008 20
m 850 0.008 6
v 460 0.008 4

Total 5290 . 160

Average 0.03
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Table 36
Total annual number of radiotherapy treatments per 1,000 population
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated
Teletherapy Brachytherapy
Country
1970-1979 1986-1984 1985-1990 1970-1979 1080-1984 1985-1990
Health-care level |
Argentina 0.2
Australis 20 1.5 0.8 0.2
Canada 1.6 29
Cuba 0.2 0.05
Czechoslovakia 29 4.2 27 0.2 0.1 0.1
Denmark 1.2 0.1
Finland 1.2
Iceisnd [L16) 1.2
Japan 0.7 0.7 0.2 0.2
Kuwait 0.2 0.06
Luxembouwrg 0.07
Malta 0.03
Netherlands 1.8 0.1
New Zzaland 0.4 0.4 0.6 0.1 0.08 0.07
Norway 05°* 39 0.2 0.1
Romania 1.7 6.8 0.06
Sweden 0.6 0.8 0.3 0.2 0.1
Switzerland 1.8 0.1
United Kingdom 24%
United States 248
Yugosisvia 0.6 0.9
Average 1.0 24% 1.2 0.26 0.17 0.24
Ienlth-care level I1
Barbados 0.6 0.2
China 0.2 0.08
Ecuador 0.03 - 0.08 0.006 0.02
India 0.1 0.03
lrag 0.1 0.009
Jamaica 0.1 0.07
Peru 0.09 0.1 0.03 0.04
Turkey 0.7 0.9 0.7
Average 0.1 0.2 0.02 0.06
Health-care level 111
Egypt 0.04 0.0005
India 0.07 0.02
Myanmar 0.2 0.2 0.01 0.01 0.02
Sudan 0.08 0.0003
Thailand 0.09 0.04 0.04
Average 0.1 0.02 0.03 0.02

Malignant discase only.
Velue includes brachytherapy.
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Table 37
Average annual number of teletherapy and brachytherapy treatments per 1,000 population
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures, unless otherwise indicared
PART [: TELETUERAPY
. Female P N
Country Year Leukaemia | Lymph Breast Respiratory genial Wilms Neuro- Benign
umour sysiem tumour blasioma diseases
orgars
Mealth-care level |
Australia 1970-1974 0.010 0.12 0.27 0.16 0.042 0.003 0.041 1.3
1985-1989 0.021 0.017 0.19 0.29 0.11 0.0006 0.001 0.9
Cazechoslovakia 1970-1974 0.004 0.058 0.19 0.19 0.19 12
1976-1980 0.006 0.028 0.15 0.15 0.071 0.001 34
1981-1985 0.006 0.024 0.16 0.17 0.076 0.001 38
1986-1990 0.004 0.017 0.16 0.16 0.078 0.0004 0.0001 23
Denmark 1985-1989 0.009 0.058 0.18 0.11 0.14 .11
Finlaod 1987 0.016 0.032 0.29 0.20 0.081 0.004 0.002
Japan 1970-1974 0.75 ¢ 3.33¢ 234° 0.35 ¢
1975-1979 0.025 0.075 0.093 0.12 0.013
1985-1990 0.046 0.059 0.17 0.081 0.002
Kuwait 1985-1989 0.016 0.021 0.059 0.029 0.022 0.002 0.002 0.012
Netherlands 1987 0.028 0.076 0.49 0.44 0.11
1988-1989 0.045 0.15 0.98 0.85 0.22
New Zealand 1970-1974 0.003 0.033 0.14 0.13 0.086
1975-1979 0.027 0.086 0.014 0.09
1980-1984 0.009 0.027 0.077 0.16 0.082
1985-1989 0.016 0.053 0.21 0.20 0.078 0.001 0.002 0.007
Norway 1970-1974 0.001 0.044 0.18 0.047 0.27 0.0003
1985-1989 0.002 0.074 0.18 0.16 0.17 0.0001 0.001 33
Romania 1980 0043 % 0.12 0.12 0.13 12
1990 0.025 0.028 0.53 0.49 11 38
Sweden 1970-1974 0.029 0.075 0.36 0.054 0.089 0.002 0.007 0.009
1985-1989 0.024 0.093 D.41 0.077 0.14 0.002 0.001 0.023
Yugoslavia 1985-1989 0.017 0.031 0.12 0.13 0.26 0.010 0.061 0.007
Average 1970-1979 0.010 0.038 0.12 0.11 0.11 0.001 0.40
1980-1984 0.029 0.025 0.13 0.14 [13)1 0.001 20
1985-1990 0.018 0.045 0.16 0.20 0.16 0.008 0.020 0.48
Health-care level 11
Barbados 1985-1989 0.24 0.064 0.24 0.016
China
Beijing arca 1970-1974 0 0.016 G019 0.023 0.009 0 0.003 0.001
1985-1986 <0.0001 0.014 ¢.021 0.034 0.010 0.0001 0.009 0.004
Entire nation 1986-1990 0.036 0.037 0.045
Ecuador 1970-1974 0.0005 0.002 0.008 0.002 0.015 0 0 0.002
1985-1989 0.002 0.007 0.021 0.005 0.042 0.000} 0.001 0.005
India 1985-1989 0.0032 0.0047 0.011 0.0087 0.036 0.0007 0.0004 0.0036
lrag 1985-1989 0.009 0.005 0.041 0.037 0.015 0.001 0.0009 0
Jamaica 1985-1989 0.004 0.055 0.005 0.002 0.0006 0.064
Peru 1970-1974 0.014 0013 0.005 0.053 0.0006 0.0003
1985-1989 0.012 0016 0.009 0.068 0.001 0.0004 0.013
Turkey 1976-1979 0.19 0.16 0.10 0.13 0.04 0.04 0.03
1980-1984 (1hv2) 0.28 0.10 0.12 0.06 0.07 0.02
1985-1990 0.17 0.18 0.10 0.046 0.040 0.042 0.006
Average 1970-1980 0.016 0.015 0016 0.011 0.042 0.003 0.002
1985-1990 0.004 0.005 0026 0.025 0.041 0.001 0.004
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Tuble 37 (continued)

Female .
N , Breast Respiratory . Wilms® Newro Benign
Counrry Year Leukaemia Lymphoma tumour sysiom genital rumour blastoma diseases
organs
Health-care level 111
Fgpt 1985-1990 0.002 0.006 0.026 0.003 0.0005 0.001 0.0005 0.004
India 1970-1974 0.0007 0.0017 0.0047 0.0022 0.020 0.0003 0.0001 0.0035
Myanmar 1980-1984 0.002 0.004 0.012 0.023 0.019 0.0002 0.0001
1985-1990 0.001 0.004 0.013 0.024 0.018 0.0001 0.0002
Sudan 1985-1990 0.005 0.008 0.009 0.003 0.008 0.002 0.002
Thailand 1986-1990 0.010 0.010 0.019 0.008 0.037 0.001 0.0002
Average 1970-1980 0.0007 0.002 0.005 0.002 0.0003 0.0001 0.004
19680-1984 0.002 0.004 0.012 0.023 0.019 0.0002 0.0001
1985-1990 0.005 0.007 0.018 0.009 0.017 0.0008 0.0006 0.004
PART 1I: BRACHYTHERAPY
Female genital organs
Country Breast Prosiate Brain Other Benign
Year wumour tumour Radivm Afterloading tumour twmours diseases
Henith-care fevel 1
Australia 1970-1974 0.001 0.068 ¢ 0.18 0.51
1985-1989 0.016 0.019 ¢ 0.034 0.076
Czechoslovakia 1970-1974 0.064 0.16
1976-1980 D.16 0.031 0.003 0.006
1981-1985 0.091 0.046 0.002
1986-1990 D.034 0.10 0.002 0.0003
Denmark 1985-1989 0.020 0.0009 0.073 0.012 0.003
Japan 1970-1974 0.001 0.082 0.024
1975-1979 0.19 0.0007
1980-1984 0.025 0.035
Kuwait 1985-1989 0.006 0.054
Malta 1985-1989 0.028
Netherlands 1988-1989 0.017 0.001 0.049
New Zealand 1985-1989 0.066
Norway 1970-1974 0.001 0.13 0.010
1965-1989 0.0005 0.043 0.049 0.0002 0.005
Romania 1980 0.054 0.005
Sweden 1970-1974 0.0004 0.037 0.006 0.001
1985-1989 0.002 0029 ¢ 0.14 0.004
Yugoslavia 1985-1989 0.029 0.015 0.15 0.63 0.022 0.004
Average 1970-1979 0.0001 0.0005 0.16 0.068 0.016 0.16
1960-1984 0.034 0.035 0.004 0.002
1985-1990 0.019 0.00S 0.062 0.22 0.010 0.024 0.021
Health-care level 11
Barbados 1985-1989 0.24 ¢
Crunz 1986-1990 0.02 0.0004 0.007 0.008 0.047
Ecuador 1970-1974 0.006
1985-1989 0.015 0.002
India 1970-1974 0.008 0.012 0.0006 0.0002
1985-1989 0.0003 0.00001 0.002 0.022 0.002 0.0007
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Tuble 37 (conlinucd)
Female genital organs
Couniry Breast Prastate Brain Oither Benign
Year tumour tumour Radium Afterloading tumowr twmours diseases
lraq 1985-1989 0.009 ¢
Jamaica 1985-1989 0.061 0.012
Peru 1970-1974 0.031 0.001
1985-1989 0.044 0.0004
Average 1970-1979 0.024 0.0007
1980-1984
1985-1990 0.012 0.00001 0.002 0.013 0.008 0.028 0.001
Heslth-care level 111
Egypt 1985-1990 0.005
Myanmar 1975-1979 0.011
1950-1984 0.012
1985-1990 0.016
Sudan 1985-1990 0.0003
Thailand 1981-1985 0.041
1986-1990 0.016 0.023
Average 1970-1979 0.008 0.012 0.0006 0.0002
1980-1984 0.029
1985-1990 0.010 0.016

Qualifications of entries in this Table have been given as foliows:

Canada:

Cuba:
Denmark:
Finlond:
Irag:
Jamaica:
Netherlands:
Norway:

Sweden:

Turkey:
Yugoslovia:

Data for 1985-1989 from Nova Scotia and Prince Edward Island, about 4% of the population of the country. Data for earlier periods from
Nova Scotia only, about 3.5% of the population of the country.

Data from PAHO.

Data also from [L16].
Data also from [L16).

Data from Institute of Radiology and Nuciear Medicine, Baghdad.
Data from Kingston Hospital only.
Data also (rom [B6). Values for 1988-1989 are number of treatments, not patients.

Data also from [L16). Values include pallistive trestments; doses {or curative treatments only arc about 10% higher. Value piven for benign

disease is for 1990.

Data also from [L16]. Data for teletherapy are scaled up from non-random sample of 33% of patients (neither afiericading nor head/neck
are evenly distributed in the country.) Data for brachytherapy are scaled up from non-random sample of 28% of patients: there were more
children than average.
Data from Hacetteps University (2% of the population).
Data for teletherapy exclude Montenegro, Vojvadina and Kosovo. Data for brachytherapy are for Creatia only (about 20% of the population
of the former Yugosiavia).

a N o =8

Number of treatments, not patients.

Value is for both leukaemia and lymphoma.
lridium, not radium.
Radwum and caesium.
Manual administration of caesium-137.
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Table 38
Age- and sex-distribullon of patlents undergaing teletherapy and brachytherapy treatments, 1985-1990
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures
PART I: TELETHERAPY
Age distribution (%) Sex distribution (%)
Health-care Country
level 0-15 years 16-40 years >40 years Male Female
Leukaemia
! Australia 21 45 34 63 37
Czechoslovakia 38 9.6 52 60 40
Kuwait 73 20 6.7 53 47
New Zealand 47 30 23 60 40
Noarway pi 35 40 70 30
Romania 2 0 8 n 29
Sweden 41 30 29 57 43
Yugoslavia 95 M) 0 50 50
Average 43 17 39 61 39
n Ecuador 56 33 11 0 50
India 34 39 27 63 37
Iraq 60 21 18 2z
Turkey 87 10 29 56 44
Average 35 38 27 63 37
m Egvpt 19 34 47 66 34
Myanmar 4.2 46 50 0 50
Thailand 83 13 4 51 49
Average 39 2 32 56 44
Lymphoma
1 Australia 4 26 70 53 47
Czechoslovalda 0 39 61 53 47
Japan 13 23 64 56 44
Kuwait 24 41 3s 69 31
New Zzaland 23 28 69 64 36
Norway 1 k) 68 57 43
Sweden 38 18 79 55 45
Yugoslavia 17 3 50 50 50
Average 11 25 64 55 45
n Ecuador 28 40 57 78 2
India 23 38 39 15 25
lrag 20 53 n z 2z
Turkey 63 2 13 13 87
Average 3 38 39 5 25
i) Epypt 18 37 46 62 38
Myanmar 5.4 21 KE 63 37
Thailand 9.3 26 64 60 40
Average 11 Pl 60 62 38
Bresst tumour
] Australia 0 1] 89 1 9
Czechoslovaioa 0 14 86 1 99
Kuwait 0.9 39 60 0 100
New Zealand 0 16 92 1 99
Norway 0.1 1 89 0 100
Romania 0 73 93 0 100
Sweden 0 5 95 2 98
Yugoslavia 0 83 92 0 100
Average 0.0 9.7 90.4 0.s 9.5
I China 31 30 67 5 95
Ecusdor 0 29 n 0 100
India 0 28 n 1 9
Iraq 0 40 60 o 100
Turkey 0.1 2 n 0 100
Average 0.1 283 7.5 L1 98.9
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Table 38 (continued)

Age distribution (%) Sex distribution (%)
Healih-care Country
leve! 015 years 16-40 years >40 years Male Female
m Egypt 0.7 36 63 1 9
Myanmar 0 17 83 1 9
Thailand 0 41 59 (] 100
Average 0.2 328 66.9 0.6 99.4
Lung/thorax

1 Australia 0 1.3 29 5 25
Czechoslovakia 0 32 97 89 11

Japan 0.2 5 95 81 19

Kuwait 1.8 3.6 95 85 15

New Zcaland 0 1.5 98 67 33

Norway 0 L4 99 15 25

Romznia 0 5.1 05 34 66

Sweden 0.2 34 96 69 31
Yugosiavis 0 13 87 90 10

Average 0.1 5.1 94.9 7% 24

1 China 1.6 32 67 n 29
Ecuador 0 12 88 88 12

India 0 13 87 80 20

Iraq 1 8.4 91 83 17

Turkey 0.7 11 88 94 6

Average 0.2 15.1 84.7 ” 21

oI Egypt 0 18 82 81 19
Myanmar 0 33 97 71 29

Thailand 0 23 77 23 n

Avcrage 0 16 B4 57 43

Gynsecological
1 Australia 0 12 88 0 100
Czechoslovakia 0 11 89 0 100
Japan 03 12 87 0 100
Kuwait 25 30 68 o 100
New Zealand 0 2 78 0 100
Norway 08 7.9 9] 0 100
Romania 0 42 58 0 100
Sweden 0 59 94 0 100
Yugoslavia 0 14 86 [ 100
Average 0.2 15.4 840 0 100
I China 06 10 89 z z
Ecuador 1.4 14 84 0 100
India 0 25 5 0 100
Irag 1.6 LH 58 0 100
Turkey 11 21 68 0 100
Average 0.1 234 76.4 0 100
m Egypt 0 33 67 0 100
Myanmar 06 6.4 93 0 100
Thailand 0.1 30 70 0 100
Average 0.2 247 75.1 0 100
Wilms* tumour

1 Australia 100 0 0 56 44
Czechoslovakis 95 5.5 0 5S 45

Kuwait * 100 0 0 67 33

New Zealand ® 100 0 o 50 50

Norway * 100 [ 0 100 0

Sweden ® 100 ] 0 80 20
Yugosiavia 100 0 ] 50 S0

Average 99 1 0 60 40
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Tuble 38 (continucd)

Age distribution (%) Sex distribution (%)
Health-care Country
level 0-15 years 16-40 years >40 years Male Female
1] Eruadox € 100 0 100 0
Indis 65 11 24 68 32
fraq 100 0 0 50 50
Turkey 100 0 0 68 32
Average 66 11 23 68 32
oI Egypt 96 0 4 40 60
Myanmar * 100 0 0 33 67
Thailand 100 0 0 44 56
Avetage 99 0 1 40
Neuroblastoma
1 Australia 50 44 6 56 44
Czechoslovakia 33 67 0 100 0
Kuwait ¢ 75 25 0 50 50
New Zealand ¢ 100 0 0 50 50
Norway ¢ 16 33 50 n 2
Sweden & 100 0 0 80 20
Yugoslavia 30 40 30 50 50
Average 49 37 14 65 35
n Ecuador 50 50 0 50 50
India 3 17 10 64 36
Iraq 100 [1] 0 67 33
Turkey 89 1 0 67 13
Average n 17 10 64 36
i} Egypt 90 10 0 47 53
Myanmar € 100 0 0 0 100
Thailand 100 0 0 63 36
Average 9 4 0 40 59
Benign disenses
I Australia 1 9 90 65 35
Czechoslovakia 0 14 99 36 64
lapan 4.2 38 58 58 42
Kuwait 4 z 50 50
New Zealand 1.6 44 52 55 45
Sweden 60 39 42 58
Aveiage 3 34 63 56 44
i Ecuador 0 8.3 92 98 25
India 3 43 54 51 49
Average 3 43 55 52 48
All malignant tumours
1 Japan 24 13 85 49 51
Netherlands 0.2 6.4 93 z2
Romama 1.3 14 85 37 63
Average 2 13 86 47 53
o China 43 24 n 44 56
India 3 bl n 19 81
Average 3 PAJ 72 2 78
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Tuble 38 (continucd)

PART II: BRACHYTHERAPY

333

Health-care Age-distribution () Sex-distribution ()
level Couniry
015 yeaws 16-40 years >40 years Male Female
Breast tumour

1 Australia 0 23 n 0 100

u China 31 30 67 5 95
India 0 ] 100 0 100
Average 2 17 81 3 97

o1 Thailand 0 63 37 0 100

Prostate tumour

1 Australia 0 0 100 100 0
Czechoslovakia 0 0 100 100 0
Nerway 0 0 100 100 0
Average 0 0 100 100 0

I Turkey 0 0 100 100 0

Gynaccological (radium)

1 Australia 1] 19 81 0 100
Czechoslovakda [1] 0 100 0 100
Norway 0 10 90 0 100
Average 1] 12 88 0 100

n China 0.6 10 89 0 100
Ecuador 0 2 8 0 100
India 0 40 60 1] 100
iraq 0 0 100 0 100
Jamaica 0 16 B4 1] 100
Peru 0 12 88 0 100
Average 03 22 .2 0 100

o1 Thailand 0 58 41 0 100

Gynaecological (alterloading)

1 Australia 0 8.9 91 0 100
Czechoslovakia 0 17 83 [1] 100
New Zealand 0 25 kL 0 100
Norway [ 12 88 0 100
Sweden 0 4.7 95 0 100
Average 0 12 88 0 100

H China 0.6 10 90 0 100
Ecuador 0 42 58 0 100
India 0 27 3 0 100
Turkey 0 45 55 0 100
Average 03 173 827 0 100

ot Egypt 0 33 67 1] 100
Thailand [ 34 66 0 100
Average 0 34 0 100

Brein tumour

1 Australia 0 100 0 100 0
Norway © 0 0 100 0 100
Average 0 81 19 81 19

u China 73 37 55 64 3
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Tuble 38 (continued)
Health-care Age-distribution () istribution ()
Counrtry
level 0-15 years 16-40 years >40 years Male Female
Other tumours

1 Australia 0 100 0 100 0
Czechaslovakia 4-5 95-96 0 11-66 34.89
Norway [¢] 0 100 58 42
Sweden / o 0 100 50 50
Average 1 68 31 60 15

n India 0 12 88 68 2

m Thailand 0 46 54 30 70

Benign disenses

1 Czechoslovakia 0 0 100 0 100
Kurwait 80 20
Average 0 0 100 12 88

it India 7 7 2 48 52
Jamaica 30 70
Average 7 n 22 48 2

All malignant tumours
I Romania 13 14 8s 37 63
n China 43 24 k7 44 56

The entries in this Table are qualified as follows:

Myanmar:
Romania:

Thailand:
Turkey:

Yugaslavia:

Data from Yangon General Hospital only.

Data are from a sample of 4 of the population in 1990. For leukaemia, values indude lymphoma. For *All malignant tumours®, dala are

for Co-60 only, namely 34 of all patients; most other paticnts were treated with x rays.
Data from Department of Radiclogy, National Cancer Institute, Bangkok, only.

Data arc for 1986-1990.

Data arc for Serbia only (about 40% of the population).

Three patients.
Five palients,
One patient.
Four patients.
Six palients.
Two patients.

~ a oL~ & b




ANNEX C: MEDICAL RADIATION EXPOSURES 335
Table 39
Doses Lo patients undergoing radiation teletherapy and brachytherapy, 1985-1989
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures
PART I: TELETHERAPY
Absorbed dase (Gy) (Range in parentheses)
Daose
Counry region Lung/ Gynaeco- L, .
Leukaemia Lymphoma Breast thorax logical Wilms Newro- B.tmx "
tumouwr tumour blastoma disease
tumour tumour
Health-care level |
Australia Target 20 (8-25) 40 (3545) 50 (30-60) 60 (20-60) 50 (30-55) (10-25) (10-40)
Czechoslovakia Target 15.5 (2-36) 35 49 51 53.4 (10-40) (10-40) (0.5-10)
(9.6-46.8) (8-56) (20-60) (8-70)
Surface | 13.4 (1-43) 40.2 55.4 35 40 (10-40) (10-40) 6
(10.5-50) (7.2-60) (25-40) (14-60) (1.5-6)
Finland Target 24,12° 45 45-60 40-60 44.55 20-30 30
Germany, F.R. Target (18-20) 40 (45-60) 50 (40-50) 40 40
Kuwait Target 18 (15-24) 36 (30-40) 45 (45-50) 40 (40-50) 40 (40-50) 45 (3045) 45 (30-45)
Surface 12 24 37 (26-30) 24 (24-30) 24 (24-30) (4-25)
Maita Target 35 (3040) 50 (45-60) 45 (30-50) 45 (35-50) 25 (20-35) 30 (1245)
Netherlands Target 40 59 46 5 69 525
(33.6-50) (44.3.70) € (32:70) (40-75)
New Zealand Target 19 38 30-55 30-55 42 24 30 1248
(18-24) (3540) (3345) (15-25) (6-35) ( -50)
Norway Target 35 (20-40) 35 (3045) 32 (20-60) 33 (20-50) 35 (30-50) - 54 (3061)
Surface 21 50 (43-60) 46 (29-85) 47 (29-71) 50 (43-71)
Sweden Target (20-30) (20-50) (47-70) (20-60) (30-60) (7-40)
Surface (20-35) (3045) (2845)
Yugostavia Target 20 (20-30) 30 (20-50) S0 (50-70) 45 (43-60) 2D (20-60) 20 (20-40) 20 (20-40) 10 (10-20)
Health-care level I1
Barbados Target 45 (30-50) 35 (2045) 35 (2045)
China Surface 50 40 40 40 50 40 40 30-60
(46-55) (36-55) (36-45) (36-70) (46-80) (3641) (3642) (1265)
Target 60 50 50, 46 X 60, 51 50 50 17-70
(5665) (46-60) (46-56) (4687) (56-100) (46-51) (46-52) (14.75)
Ecuader Target 1.5(2.5) 1.5(2.0) 20(2.3) 2.0 (4.0) 20(2.9) 1.0 (1.29) 2.0(3.0)
Surface 1.8 (3.0) 1.8 (3.0) 24 (2.9 24 (4.8) 24 (3.0) 1.2(L.5) 2.4 (8.6)
India Target 22 (10-35) 40 (30-60) 47 (35-70) 51 (25-70) 55 (30-75) 30 (15-60) 30 (15-60) (2-30)
Surface 17 (6-40) 36 (7.5-85) | 44 (9.9-7) 4] (11-70) 42 (9-86) 19 (15-35) 20 (5.6-45) (0.9-65)
Irag Target 20 (18-24) 35 (3540) 45 (40495) 30 (30-40) 50 (45-55) 35 (30-40) 40
Jamaica Target 35 40 40 50 40 40 15
Surface 40 47 46 56 47 47 18
Peru Target 18 (18-29) 44 (25-50) 60 (50-70) 50 (60) 50 (40-60) 30 (2040) 30 (25-35)
Surface 126 32 66 45 21 21 20 174
(12.6-17) (15-30) (41-58) { -5%) (20-30) (14-28) (17-24) (12-23)
Henlth-care level ITI
Egvpt Target 50 (50-60) 50 24-35 40
Myanmar Target 40 (20-40) | 40 (2040) | 50 (s0-60) | 40 (2040) | 40(5060) | 30(20-40)
Surfece 40 42 52 42 419 30.1
(20-40) (2142) (41.562.3 (21-42) (41.9-62.8) (20.140.2)
Sudan Target 15 45 40 30 60 40 30
Surface 20 (36-40) 24 26 32 pAl
Thailand Target 24 (21-24) 44 (4046) 50 (45-50} 65 (60-65) 45 (40-50) 30 (27-30) 40 (40-50) 9-15) 7
Surface 14.4 2.4 30 39 27 18 24
(12.6-18.9) | (24-27.6) (27-30) (36-39) (24-30) (16.2-18) (24-30)
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Table 39 (continucd)

PART II: BRACHYTHLERAPY

Target absorbed dose (Gy) (Range in parentheses)

Counrry Breast Prasiate Gynaccological . Benign
Brain tumour Other 1umours .
tumour fumour Radium ] Afterloading disease
Health-care level 1
Australia 20 (10-30) 25 (20-50) 25-40 (20- )
Czechoslovakia 25 (20-60) 25 (20-60) (40-60) 2025/
Kuwait 20 (2040) 40 (30-40) 40 (30-40) 20
Malta 70 (65-15)
Netherlands 29 (1440
New Zealand 35 (15.75)
Norway 160 (160- ) 40 (40- ) 25(25- ) 34 (54- ) 20-30 (20- )
Sweden 20 (15-20) 60 (2045) (3060)
Health—care level 11
Barbados 60 (40-80)
China 2% 38 33 20
Ecuador 30 (40) 30 (32)
India 15 (10-20) (30-35) 49 (1582) 29 (15-75) (8-75) 20 (10-30)
Iraq 20¢
Jamaica 26 (39) 3%
Peru 44 (3045) 38-60 (30-80)
Heslth-care level 111
Epypt 30 24
Myanmar 40 (30-50)
Sudan 48
Thailand 25 (20-30) 30 (25-30) 30 (25-30)

The entries in this Table are qualified as follows:

Under teletherapy, the second values for the surface dose region under breast tumour, lungAhorax tumour and gynaecological tumour are

Data from Department of Radiology, National Cancer Institute, Bangkok, only.

Excluding Montenegro, Vojvodina and Kosovo.

The entrance swrface dose (Gy) has been estimated {rom exposure (R) multiplied by 0.0087/0.75. This applics also to range.

China:
from a nationwide study.
Myanmar: Data from Yangon Hospital only.
Thailand:
Yugostavia:
*  Whale-body treatments.
b Lung proper only.
: Other respiratory tract.
¢ Keloid
! Endometrial hyperplasia.
:

Combined with external beam.
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Table 40
Doses from scattered rudiation from therapy using cobalt-60
[B19, 14]
Normalized dose 10 tissue (mSv per Gy 1o target organ)
Organ Target in neck Targes in bronchus Target in pancreas Target in cenural pelvis
Female Male Female Male Female Male Female Male

Gonads 0.1 0.1 0.1 0.1 40 05 b 47
Breast 0.3 . 19 - n - 0.5 -
Red bone mamow ° 6.7 6.1 66 62 67 58 65 60
Lung 0.9 0.9 127 95 21 18 0.5 0.5
Thyroid ¢ ¢ 82 78 08 0.7 0 0
Bone surface 5.0 4.8 30 31 24 3 13 13
Remainder

Brain L7 L9 33 34 0.2 0.1 0.1 0.1

Kidney 0.1 0.1 1.9 1.4 : : 4.5 4.0

Pancreas 0.1 0.1 3.6 3s 27 1.9

Spleen 01 0.1 38 3.0 212 183 26 18

Uterus 0.1 - 0.2 - 8.2 - . -
Effective dose

cquivalent  (Hg) 1.8 1.5 37 26 55 32 n 2
Effective dose (E) 11 0.95 30 23 16 1 83 17

¢ Assuming bonc marrow in beam gets 60% of dose to target organ.
b Organin beam.
Table 41
Collective efTective dose from radiotherupy in the Netherlands, 1978-1979 ¢
(B19]
Number of patients Effective dose equivalent < (mSv) Effective dose © (mSv)
Target region
Male Female Male Female Male Female

Neck 414 628 108 92 64 57
Thorax 317 33 2210 1540 1790 1370
Pancreas and gall bladder 1635 1856 3320 1910 963 680
Pelvis 4533 4078 611 1300 496 1020

Collective dose (man Sv)

18630 10330
Addition for target region 420 105 *
Total 19050 10435

Breast cancer and skin cancer disregarded because Lhere are no data on scaitered radiation; lung cancer distegarded because treatment is in most cases only

palliative,

A tarpet dose of 60 Gy is assumed.

Per patient.

21,000 radiotherapy patients, cure rate 50%. at most 0.1% sccond cancers in target organs [14], yield 5.25 deaths from sccond cancers. With a probability

coefficient of 0.0125 per man Sv (11} 525 deaths correspond to 5.25/0.0125 = 420 man Sv.
Cancer fatality probability coefficient is 0.05 per man Sv {18).
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Table 42
Estimated doses to the world population from teletherapy and brachytherapy

Healihcare Population Annual umber Number of Annual collective
level of procedires procedures effective dose
(millions) per 1,000 population [U1) (millions) (10° man Su) *
1 1350 24 3.2 980
n 2630 0.6 1.6 480
m 850 0.1 0.085 26
v 460 0.05 0.023 7
Total 5290 - 4.9 1500
Average - 0.9 _ R

?  Values are based an effective dose, E, assuming 10,400 man Sv per 14.3 million population (figures from the Netherlands {B19]) = 730 man Sv per million
population st health-care level 1 and a treatment frequency of 0.0024, i.c. 73024 = 300 man Sv per 1,000 procedures.

Table 43
Total annual number of treatments with radiopharmaceuticals per 1,000 population
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures

Country 1970-1979 1980-1984 1985-1990 Country 1970-1979 1980-1984 1985-1990
Health-care level T
Arpgentina 0.16 Malta 0.075
Australia 0.15 0.15 0.14 Netherlands
Belgium 4 0.31 New Zealand 0.16 0.097 0.17
Canada 0.88 Norway 0.059 0.12
Czechoslovalsa 0.073 0.12 0.18 Romania 0.051 0.052
Denmark 0.13 0.18 0.21 Sweden 0.34 0.43
Finland 0.32 0.36 Switzerland 1.55
Japan 0.049 0.025 0.030 Uniled Kingdomn 0.20
Kuwait 0.018 Yugoslavia 0.1
Luxembourg 0.19
Average 0.086 0.093 0.10
Health-care level 11
Bartrdos 0.15 Iraq 0.013
China 0.035 Jamaica 0.17 0.005
Ecuador 0.007 0.0065 Peru 0.011
Indis 0.0036 Turkey 0.008
Average 0.044 0.021
Healthcare level 111
Egypt 0.064 0.061 0.062 Thailand 0.008 C.011 0.013
Myanmar 0.014 0.011 0.00S Tunisia 0.035 0.042
Sudan 0.001 0.003 0.006

Average 0.025 0.025 0.025
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Table 44

Avcrage annual number of therapeutic treatments with radiopharmaccuticals per 1,000 population

Data from UNSCEAR Survey of Medical Radiation Usage and Exposures unless otherwise indicated

Country Year Thyroid tumours lyperthyroidism Polycythaemia vera Other tumowrs Benign diseases
Heslth-care level 1
Argentina 1985-1989 0.16
Australia 1970 0.001 0.13 0.013
1980 0.024 0.12 0.012
1984 0.022 0.083 0.024 0.022
1991 0.11°¢ 0.010 0.011
Belgium 1986-1990
Canada 1985-1989 0.009 0.57 0.28 0.023
Czechoslovakda 1970-1974 0.016 0.013 0.011 0.007 0
1976-1980 0.031 0.022 0.007 0.012 0.024
1981-1985 0.035 0.022 0.008 0.018 0.038
1986-1990 0.050 0.046 0.009 0.022 0.055
Denmark 1977-1980 0.023 0.097 0.006
1981-1985 0.029 0.15 0.005
1989-1990 0.023 0.19 0.001
Finland [A12) 1975 0.00S 029 0.012 0.008
1982 0.038 0.28 0.040 0.005
Japan 1985-1989 0.025 0.005
Kuwait 1985-1989 0.018
Malta 1985-1989 0.003 0.064 0.008
Netherlands 1984 0.097
New Zealand 1970-1974 0.011 0.14 0.014
1985-1989 0.018 0.1 0.036
Norway 1970-1974 0.004 0.033 0.0008 0.022
1985-1989 0.019 0.084 0.001 0.012 0.006
Romania 1980 0.041 0.010
1985-1989 0.043 0.009 <0.001
1990 0.038 0.004 0.52
Sweden 1970-1974 0.31 0.032 0.001 0.003
1985-1989 0.39 0.034 0.003 0.001
Switzerland 1976 1.0 0.022 0.52
United Kingdom 1981-1985 0.015 0.14 0.025 0.013
Yugoslavia 1985-1989 0.009 0.029 0.005 0.053 0.014
Average 1970-1979 0.059 0.088 0.014 0.009 0.013
1980-1984 0.033 0.10 0.024 0.013 0.025
1985-1990 0.063 0.022 0.016 0.028 0.018
Hesalth-care Jevel 1
Barbados 1985-1989 0.15
China
Beijing area 19851989 0.005
Entire nation 1986-1990 0.00006 0.0056 0.01}) 0.018
Ecuador 1970-1974 0.002 0.005
1985-1989 0.003 0.004
India 1985-1989 0.0006 0.0029 0.0001
Iragq 1985-1989 0.012 0.001
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Table 44 (continucd)

Country Year Thyroid tumours Hyperthyroidism Polycythaemia vera Other umours Benign diseases

Jamaica 1970-1974 0.093 0.077
1985-1989 0.005

Peru 1985-1989 0.002 0.008

Turkey 1991 0.008

Average 1970-1979 0.023
1980-1984
1985-1990 0.0004 0.0004 0.0001 0.011 0.018
Health-care level 11

Egvpt 1975-1979 0.024 0.040
1980-1984 0.017 0.044
1985-1989 0.023 0.039

Myanmar 1975-1979 0.0006 0.013
1980-1984 0.001 0.010
1985-1989 0.0002 0.0038

Sudan 1975-1979 0.001 0.0005
1980-1984 0.0001 0.002 0.0006
1985-1989 0.0003 0.0038 0.0015

Thailand 1976-1980 0.008 <0.0001
1981-1985 0.011 <0.0001
1986-1990 0.013 0

Tunisia 1970-1974 0.011 0.023 0.0009
1985-1989 0.013 0.027 0.002

Average 1970-1979 0.010 0.023 0.00004

1980-1984 0.009 0.024 0.001 0.00003
1985-1990 0.011 0.020 0.002

The entries in this Table are qualified as follows:

Canada:
Turkey:

Yugoslavia:

Nova Scatia Province only (about 3.5% of the population).
Data are from Gaz Univasity (1% of the population).
Dats exclude Montenegra, Vojvodina and Kosovo; *other” tumours and benign discascs based on Croatia data only (about 20% of the

population).

Value is for both thyrad tumowrs and hyperthyroidism.
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Table 45
Age- and scx-distribution of patients undergoing treatment with radiopharmaceuticals, 1985.1990
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures
Health-care Age distribution (%) Sex distribution (%)
tevel Country
evel 015 years 16-40 years >40 years Male Female
Thycoid tumours
1 Canada 1] 25 75 10 90
Czechaslovakia 0 " p: 31 69
Kuwait 37 63
Netherlands 2 20 78 3 67
New Zealand 0 40 60 7 93
Norway 0 32 68 20 80
Romania 25 75
Yugoslavia 0 0 100 50 50
i} Ecuador 0 32 68 10 90
Traq 40 60
Peru 2 80
m Thailand 0.7 15 84 23 m
Hyperthyroidism
1 Canada o 26 4 25 75
Czechaslovakia 0 49 51 2% 74
Netherlands 1] 32 68 19 81
New Zealand 0 2 n 25 s
Norway 0 14 86 p2) 78
Romania 0 25 75
Yugoslavia 0 0 100 10 90
I China
Beijing arca 0 67 33 29 k4!
Entire nation 1.5 55 43 2% 74
Ecuador v} 33 67 15 85
Iraq 21 il
Jamaica 0 58 42 33 67
Peru 30
m Thailand 0 31 69 17 83
Polycythaemia vera
1 Czechoslovakia 0 57 43 s1 49
New Zealand 0 0 100 53 47
Yugoslavis 0 17 83 90 10
Other tumours
1 Czechoslovakia 0 9.8 90 61 39
Norway 0 3 kg 0 100
Benign diseases
1 Canada 0 0 100 50 50
Czechoslovakia 0 0 100 19 81
Romarnis 36 64
The entrics in this Tabie are qualified as follows:
Canada: Novs Scotis Province only (about 3.5% of the population).
Romania: Data are for 1990 caly.
Thailand: Data are from Department of Radiology, National Cancer Institute, Bangkok, and Rajavithi Hospital only.

Yugosiavia: Data are for Serbia only (about 40% of the populalion),
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Table 46
Average actlvity administered in therapy treatments with mdiopharmaceuticals
Data from UNSCEAR Survey of Medical Radiation Usage and Exposures
Average activity administered (MBq) (Range in parentheses)
Country Year Thyroid ".Vlf‘" - Polycythaemia Other jumours Benign diseases
tumours thyroidism vera
0 : 198 N
Y colloid Oth, Au colloid Other
1314 jodide Difiodide | 3P phosphase corto ol ue g
Health-care level I
Australia 1970 5550 351 157
1960 4225 310 160
1984 4950 430 182 183 %
1991 983 ¢ 169 265 ®
Canada 1970-1974 3700 185 11°¢
( -5550) ( -1100) ( -185)
1985-1989 3700 185 111 <
( -5550) ( -1110) ( -189)
Czechaslovakia 1970.1974 6500 200 185 600-3000 ¢
(5000-12000) (150-300) (100-250) (400-5500)
1985 6500 200 i85 600-3000 ¢ 185 185 %
(5500-22000) (150-300) (100-250) (400-5500) (150-450) (150-450)
Japan 1976-1980 180
1981-1985 400
Kuwait 1985-1989 3630 535 176
{1700-7770) (399-671) (152-180)
Malta 1985-1989 3700 259 ( -370)
Netherlands 1988-1990 5500 500
(3700-5800) (150-1800)
New Zealand 1973 3145 400 154
(2220-3700) (74-1480) (111-204)
1985-1989 1632 425 172
(370-4200) (150-2700) (100-259)
Norway 1970-1974 3000 195 3700 ¢
{1000-5000) (131-259)
1965-1989 3600 310 300/ 110 750 %
(2100-5100) (152-468)
Romania 1980 3700 2
1985-1989 3700 22
Sweden 1974 1700 344 230 185 160 150 %
1985-1989 04 2874 % 150 187%
(140-335) {2000-3700) (110-185) (150-200)
Swatzerland 1976 925 i85 74
United Kingdom 1981.1985 3304 335 a7 191
(110-5000) (120-1550) (111-434) (55-280)
Yugostavia 1970-1974 3700 185 (100-200)
1985-1989 3700 185 (100-200)
Heslth-care level 1]
Barbados 1985-1989 296 (222-296) 294 (222-370)
China
Beijing area 1970-1974 296 (148-740)
1985-1989 259 (111-740)
Entire nation 1986-1990 162 B¢




ANNEX C: MEDICAL RADIATION EXPOSURES

Table 46 (continucd)

Average aclivity administered (MBg) (Range in parentheses)

Counmry Yer Thyroid Hyper- Polycythaemia Oihe tumowrs Benign diseases
lumours thyroidism vera £
1) olloid 108 3
Bt iodide DI jodide | 32P phasphate ¥ collo Other Au colloid Other
Ecuador 1970-1974 3700 296
( -9250) ( -449)
1985-1989 3700 296
( 9250) ( -449)
India 1985-1989 5330 190 127
(3700-7400) (74-226) (74-296)
Iraq 1985-1989 | 1850 ( -5550) 200 ( -1000) 200 ( 400)
Jamaica 1970-1974 370 182
1985-1989 370
Peru 1985-1989 3700 259
(2960-4440) (185-370)

Health-care level 111

Egypt 1976-1980 2700 600
1981-1985 2500 00
1986-1990 4000 1000
Myanmar 1976-1980 1850 185
1981-1985 1850 185
1986-1990 1850 185
Sudan 1976-1980 185
1981-1985 3700 185 185
1986-1990 3700 22 259
Thailand 1985-1989 270

The entrics in this Table are qualified as follows:

Carada: Nova Scotia Province only (about 3.5% of the population).
Jamaica: Value for thyroid tumours treated with B3] iodide to be checked.
Yugoslavia: Excluding Montenegro, Vojvodina and Kasovo.

?  Value is (or both thyraid tumours and hyperthyroidism.

5 Yitrium-90 calloid.

¢ Chromic phosphorus-32.

¢ P32 Na,H PO, (600 MBq), Au-198, P-32 colloid (3,000 MBq).

¢ Gold-198.

/' Phosphorus-32.

: lodine-131.

lodine-131 MIGB.
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Table 47
Absorbed dose to non-targel organs from therapy treatments of adult thyrold with jodine-131 lodide
in Japan, 1982 °
Dase factor Absorbed dase Number of
Organ {15} theraplies
(mGy!MBg) (mGy) [MI0}
Bladder wall 0.52 209 2956
Bone surface 0.047 18.9 2956
Breast 0.043 173 2956
Stomach wall 0.46 185 2956
Small intestine 0.28 113 256
Upper large intestine 0.059 237 2956
Kidney 0.06 24.1 2956
Lung 0.053 213 2956
Red bone marrow 0.054 21.7 2956
Ovary 0.043 17.3 212
Testis 0.028 113 628

° 402 MBq admnistered [M10); assumed thyroid uptake: 15%.

Tuble 48
Estimated doses o the world population from therapeutic treatments by nuclear medicine procedures ¢
Population Annual rumber of Number of procedwres Annual collective
Health-care L .
level (millions) procedures per 1,000 effective dose
population (thousands) (10’ man S1)
I 1350 0.1 135 6.0
2630 0.02 53 24
m 850 0.02 17 0.8
v 460 0.01 5 0.2
Total 5290 - 210 9.3
Average 0.04 - .

Based on extrapolation of dats from the Netherlands [B19).
Assuming an effective dose per treated patient of 40 mSv/0.9 (40 mSv caleusted for thyroid therapy in Japan; thyroid therapy assumed to be 0.9 of all
treatments), as calculated for Japan with the methodology of Beentjes [B19).

Table 49
Equivalent dose rates from adult patients undergoing nuclear medicine examinations
[Né]
Amount Time afier Distance Equivalent dose
Examination Radiopharmaceutical administered administration rate
(MBg) {em) @Sv )
Bone Tc-99m MDP 740 0 100 9
1h 100 6.3
2h 100 4.7
3h 100 s
Liver Te-99m S colloid 150 0 100 2
Blood pool Tc-99m RBC 40 0 100 14
Tumour Ga67 citrate 110 0 100 5
CSF In-111 DTPA 19 0 100 0.8
Heant T-201 chloride 740 0 ° 20
Heant Te-99m HSA 190 0 . 15
Bone Tc-99m MDP 740 0 25
Heant Te-99m RBC 1000 20 min 100 18

‘  Side of stretcher,
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Table 50
Effective dose equivalent to mother und breast-feeding child for common nucicar medicine examinations
B
Activity Effective dose equivalent (mSv}
Examination Radiopharmaceutical administered
(MBg Mother Child
Thyroid scintigraphy Tc-99m pertechnetale 120 1.3 36
Renography 1-131 iodohippurate 0.4 0.02 28
Qcarance G-5) IDTA 4 0.01 0.006
Thrombosis test 1-125 fibrogen 4 0.44 13
Table 51
Exposures of volunteers in medical research and clinical trials
. . Activity administered C d
Radionuclide Number of Number of .
Country Year .. ) A per volunteer effective dose Ref.
administered studies volunteers (MBg ® (mSy) ©
Clinical trials of lsbelied pharmaceuticals
Gemany, 1978-1988 H-3 15 85 (3-8) 3.7(1.9-16.7) 0.03-03 [B7)
Fed. Rep. of C-14 62 452 (3-30) 3.7 (0.37-11) 0.2-6
S-35 2 14(7 3.7 0.4
Total 11 years » 551
Use of radicactive substances in medical research
Germany, 1988 Ce-S1 2 18 (6-12) 379 BT
Fed. Rep. of Fe-59 1 12 1
Te-99m 5 107 (10-32) 350-740
In-111 1 80 20
1123 3 105 (15-70) 150-185
Xe-133 1 % 900
Clinical trials of radiopharmaceuticals
Germany, 1988 Tc-99m MAB 32 1286 (15-120) 220-1300 B7]
Fed. Rep. of In-111 MAB 6 175 (10-80) 74.75
1-125 3 500 (100-200) 3.7
1-131 MAB 2 35(15-20) 185
Clinicsl trisls of labelied pharmaceuticals
Uniled Kingdom 1978-1986 H-3 4 40 (3-15) ~10.5 0.03-0.3 N7
C-14 55 201 (2-10) -1-3 0.01-5.5
S-35 1 3 2 0.3

Number of volunteers per study in parentheses.
Activity administered per study in parentheses.

Esttmated to give upper limit values.
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Table §2
Estimated doses to the world population from medical uses of radlation
Effective dose equivalent per caput (mSv) Collective effective dose equivalens (10° man Sv)
Medical radiation use Level Level Level Level World Level Level Level Level World
1 n m v 1 n m v or
Diagnosia
Medical xay examinations 1.0 0.1 0.04 0.04 0.3 1300 290 40 20 1600
Dental x-ray examinations 0.01 0.001 0.0003 0.0003 0.003 14 3 03 0.1 1"
Nuclear medicine 0.09 0.008 0.008 0.008 0.03 130 20 6 4 160
Total 11 0.1 0.05 0.0s 0.3 1400 310 46 24 1800
Therapy *
Radictherapy 0.7 0.2 0.03 0.02 0.3 980 480 26 7 1500
Nuclear medicine 0.004 0.0009 0.0009 0.0004 0.002 6 2 0.8 0.2 9
Total 0.7 0.2 0.03 0.02 0.3 990 480 27 7 1500

*  Evaluated {or effective doses.
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