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9 May 1973.
Case to Which this Request Relates

I have the honour to refer to the Application dated today, 9 May 1973, by
which Australia has instituted proceedings against the French Republic.

2. Inconformity with Article 33 of the General Act for the Pacific Settlement of
International Disputes, 1928, Article 41 of the Statute of the Court and Article 66
of the Rules of Court, I now have the honour to submit a request ! for the laying
down or indication by the Court of provisional measures of protection for
the preservation of the rights of Australia pending the final decision of these
proceedings.

Rights to Be Protected

3. The following are the rights of Australia which are entitled to protection:
Australia’s rights under international law and the Charter of the United Nations
to be safeguarded from further atmospheric nuclear weapon tests and their
consequences, including:

(1) The right of Australia and its people to be free from atmospheric nuclear
weapon tests by any country;

(1) the inviolability of Australia’s territorial sovercignty;

(iii) its independent right to determine what acts shall take place within its
territory, and, in particular, whether Australia and its people shall be
exposed to radiation from artificial sources;

(iv) the right of Australia and her people fully to enjoy the freedom of the high
seas;

(v) the right of Australia to the performance by the French Republic of its
undertaking contained in Article 33 (3) of the General Act for the Pacific
Scttlement of International Disputes to abstain from all measures likely
to react prejudicially upon the exccution of any ultimate judicial decision
given in these procecdings and (o abstain from any sort of action what-
socver which may aggravate or extend the present dispute beiween Aus-
tralia and the French Republic.

Grounds of Request

4. The following are amongst the principal considerations which justify the
present request :

(i) As may be gathered from the Application herein, the French Government
has dectined to give a permanent undertaking that no further atmospheric
nuclear tests will take place in the Pacitic Ocean; and has not denied an
intention to carry out further tests this year. There is a virtual certainty
that further atmospheric testing by the French Republic in the Pacific
Occan will lead to the additional deposit of radio-active material upon
Australian territory. The French Government has refused to supply any
information as to the proposed size and yiclds of nuclear devices which it
intends to explode in the course of further tests. It may well be that the
next devices to be exploded will be more powerful than in the past and
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that. the quantity of radio-active material to be deposited on Australian
territory as a result will exceed that already and yet to be deposited as a
result of any previous explosion.

(ii) Any radio-active material deposited on Australian territory will be po-
tentially dangerous to Australia and its pcople. Any injury caused by such
deposit would clearly be irreparable. Tt goes without saying that the
deposit f:ould not be removed by any action of the French Government,

by any judgment or order of the Court, or by any payment of damages.

(iii) The deposit of additional radio-active material on Australian territory as
a result of further French tests pending a decision of the Court would, if
the Cqurt were to uphold the contentions of Australia, be in breach of its
sovereign rights over its territory. Such acts would frustrate and impair
the exercise in essential respects of Australias right to decide whether
Australia and its pecople arc to be exposed to any man-made ionizing
radiation. :

(iv) Any such deposit would anticipate the judgment of the Court and if such
judgment were given in favour of Australia, would deprive Australia of
the full benefit thereof.

(v) If the final judgment of the Court in these proceedings was not pronounced
for several years, the French Republic’s programme for testing could by
then be finished and Australia would thereby be deprived completely of
the benefit of any Order of the Court which adjudged that the French

) Republic not conduct atmospheric nuclear tests at its Pacific Test Centre.

(vi) Once measures which may affect the resources of the sea or the conditions
of the environment have been carried out, they cannot be undone. What-
ever dispute there may be about the nature and cxtent of the changes
effected by the French actions, natural conditions can never be restored,
and no eventual payment of damages will suffice to rectify matters.

(vii) The same is true of the interference with the rights of Australia and of her
people to freedom of movement over the high seas and in the superjacent
airspace. Although a restriction upon such freedom of movement once
imposed can be revoked, the infringement of rights caused thereby cannot
be undone.

(viii) Further, the conduct of the tests and the accompanying disturbance of the
elements and deposit of radio-active matcrial is, in the words of Article
33 (3) of the General Act, a measure “likely to react prejudicially upon
the execution of the judical... decision™ and.is action “‘which may
aggravate or cxtend the dispute”. .

(ix) By undertaking in February 1973 to refrain from further testing pending
the outcome of negotiations, the French Rcpublic has recognized that
continued testing is incompatible with the process of peaccful settiement
of the dispute between Australia and the French Republic. If tests were
suspended during negotiations, a fortiori they should be suspended during
proceedings before the Court. )

Consequences of Further French Atmospheric Testing
of Nuclear Weapons in the Pacific

5. It is of considerable significance that in this Request Australia is sccking
to assert the inviolability of its sovereign territory against the irreversible con-
sequences of conduct which has not only been the subject of concern to Australia
and its people and of scientists throughout thc world, but also of universal
apprehension, opposition and condemnation.
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6. The French Republic has in cach of the years from 1966 to 1972 (with the
exception of 1969) carricd out atmospheric tests of nuclear devices on, over or
near Mururoa Atoll in the Pacific (Annex 1). In connection with thesc tests the
French Government has created Prohibited Zones for aircraft and Dangerous
Zones for aircraft and shipping. The steps taken by the French Government to
create these Zones are set out in paragraph 45 of Australia’s Application in this
case. Each of these tests led to the deposit and dispersal of radio-active material
on and over Australian territory. In addition, radio-active material resulting
from these tests stitl remains in the atmosphere, and will in the future be de-
posited and dispersed on or over Australian territory.

7. A short description of the nature and effects of nuclear explosions in the
atmosphere is contained in paragraphs 22 to 39 of Australia’s Application in
these proceedings. Tt is clear that if the French Republic conducts further
atmospheric nuclear tests in the Pacific pending the ultimate decision of the
Court, the conscquences will be:

(i) that further radio-active material resulting from such tests will be injected
into the troposphere and, depending upon the power of the device, into
the stratosphere;

(i) that as a direct result of this injection, some of the radio-active material
injected will be deposited both in the short term and the long term on
Australian territory;

(iii) that the material so deposited will be inherently harmful and potentially
dangerous to the Australian people and could have deleterious somatic and
genetie effects on them;

(iv) that notwithstanding that Australia objects to and sces no benefit to
Australia in the conduct of tests by the French Republic in the atmosphere,
Australia would be unable to prevent its territory and its people from being
subjected to the ionizing radiation consequent upon the deposit of this
additional radio-active material.

8. The specific conscquences for Australia of the deposit of radio-active
material from further tests are but one aspect of atmospheric nuclear testing
which virtually the whole international community has come to fear and con-
demn. Such fear and condemnation cannot be regarded as unfounded. They
testify to the harm to peoples, their environment and biosphere inherent in such
tests. An essential element upon which they rest is the terrible and irreversible
contribution which such tests make to the pollution of man's environment in
all States, of which Australia is one.

9. Tt is appropriate at this point to recall the evolution of this genceral
apprehension and to indicate the bases upon which it rests.

10. In 1955 the General Assembly of the United Nations decided to include
on the agenda of its tenth session, an item entitled “Effects of atomic radiation™;
and on 3 December 1955 it adopted resolution 913 (X) under which the United
Nations Scientific Committee on the Eflects of Atomic Radiation (hereinafter
called “UNSCEAR’") was established to collect and study radiological infor-
mation. This resolution (which includes the terms of reference of UNSCEAR)
is set out in Annex 2 herein.

11. UNSCEAR held its first session in March 1956 and its most recent session
in March 1972, In all, it has held 22 sessions and presented six substantive
reports to the General Assembly, in 1958, 1962, 1964, 1966, 1969 and 1972.
UNSCEAR’s reports are objective statements of scientific facts, based on data
received from States Members of the United Nations, and members of the
specialized agencies of the United Nations and of the International Atomic
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Energy Agency. The above data have been supplemented by, and interpreted by
UNSCEAR, in light of information available in the scientific literature or
obtaqu from unpublished communications of individual scientists. In its
discussions the.Committee has had the benefit of the presence of representatives
qf the Internaupnal Labour Organisation, the Food and Agriculture Organiza-
tion of (he United Nations, the World Health Organization, the World Me-
teorological Organization and the International Atomic Energy Agency as well
as of tl}e International Commission on Radiological Protection and the
Int(;trnatlonal Commissi_on on Radiation Units and Measurements. Australia
allle Stg‘% :xl'{nch Republic are, and since its inception have been, members of

12. E.ach.of the reports of UNSCEAR has dealt at length with environmental
contamination arising from the testing of nuclear devices in the atmosphere and
has discussed various effects of jonizing radiation on man, revising its earlier
statements on‘these effects, and including possible new effects, when new
scnentlﬁg data justified such a procedure. The various reports ha‘ve consisted
gf a main text supported by detailed technical annexes. Annexes 3, 4, 5, 6, 7 and
p (t)(:n tnl:;ft‘l:et.:quest reproduce some of the relevant portions of the reports of the

13. At least two themes run through the UNSCEAR reports—one identifics
the }estllng of nuclear devices as an important source of environmental con-
tamme_ltlon; a second emphasizes the uncertainties regarding the long-term
somatic and genetic effects of low doses of ionizing radiation.

14. The first report of UNSCEAR was presented to the thirtcenth session of
the General Assembly in 1958. The report identified nuclear explosions as one
of the sources of environmental contamination. On 13 December 1958 the
General Assembly by resolution 1347 (XIII) noted UNSCEAR’s first report
and requested it to continue its useful work.

] 15. The s;cond report of UNSCEAR was submitted to the General Assembly
:zt!962. TthlS report cc&p}:ained a detailed statement of the mechanics of radio-
ive contamination. This section of the i i i i
o Comaone S CE AR otior report is contained in Annex 4. In its

“48, I_t is clearly established that exposure to radiation, even in doses
sgbsta_ntlally lower than those producing acute effects, may occasionally
give rise to a wide variety of harmful effects including cancer, leukacmia
qnd lpherited abnormalities which in some cases may not be easily dis-
tmguxghable from naturally occurring conditions or identifiable as due to
radiation. Because of the available evidence that genetic damage occurs at
the lowest lgvels as yet experimentally tested, it is prudent to assume that
some genetic damage may follow any dose of radiation, however small.”

16. The second report of UNSCEAR later continued:

*52. The Committee therefore emphasizes the need that all forms of
unnecessary radiation exposure should be minimized or avoided entirely
particularly when the exposure of large populations is entailed; and lhut’
every procedure involving the peaceful uses of ijonizing radiation should
be subject to appropriate immediate and continuing scrutiny in order to
ensure that the resulting exposure is kept to the minimum practicable level
and that this level is consistent with the necessity or the value of the
procedure. As there are no effective measures to prevent the occurrence
of hprmful effects of global radioactive contamination from nuclear ex-
plosions, the achievement of a final cessation of nuclear tests would benefit
present and future generations of mankind.”
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17. On 6 November 1962, the General Assembly, by resolution 1762 A (XVII),
condemned all nuclear weapon tests. This resolution is set forth in Annex 9.

18. On 20 November 1962, the General Assembly, by resolution 1764 (XVII)
noted UNSCEAR’s second report. The first and second reports of UNSCEAR
were preparcd during the period of intensive atmospheric testing of nuclear
weapons carried out in the Northern hemisphere. Hence the greater part of the
radio-active contamination noted during this period was located in that hemi-
sphere.

19. However, on 5 August 1963 the Governments of the United Kingdom
of Great Britain and Northern Ireland, the Union of Sovict Socialist Republics
and the United States of America, desiring, amongst other things, **to put an
end to the contamination of man's environment by radio-active substances™,
concluded the Treaty Banning Nuclear Weapon Tests in the Atmosphere, in
Outer Space and Under Water. The text of the Treaty appears as Annex 10. On
27 November 1963 the General Assembly adopted resolution 1910 (XVII
entitled “Urgent need for suspension of nuclear and thermonuclear tests™.
It noted with approval, and called upon all States to become parties to the
Treaty “and to abide by its spirit and provisions”. The resolution is sct out in
Annex 11 herceto.

20. In 1964 UNSCEAR submitted its third report to the General Assembly.
Chapter [ of this report was entitled *Radivactive Contamination of the
Environment by Nuclear Tests™. It is included in Annex 3.

21, On 3 December 1965 the General Assembly once again urged **that all
nuclear weapon tests be suspended”. This resolution 2032 (XX) is set forth in
Annex 12. On 18 December 1965 the General Assembly by resolution 2078
(XX) noted UNSCEAR’s third report.

22, The first scries of French tests in the Pacific took place between 3 July
and 5 October 1966 (Australian time).

23. The fourth report of UNSCEAR was submitted in 1966. UNSCEAR
aflirmed that nuclear tests were the main source of world-wide radio-active
contamination of the environment (para. 16 of Chap. I, set forth in Annex 6).
In paragraph 31 of Chapter ITT (also set forth in Annex 6) the Committee
reported:

“31. Although there are insufficient data for making satisfactory
estimates of risk, it is clear that, with any increase of radiation levels on
carth, the amount of genetic damage will increase with the accumulated
dose. While any irradiation of the human population is genetically un-
desirable because of its implications for future gencrations, it should be
pointed out that the proper use of radiation in medecine and in industry is
important for the heatth of the individual and for the welfare of the com-
munity.”

On 17 December 1966 the General Assembly by resolution 2213 (XXI) noted
UNSCEAR's fourth report.

24, Tn that year the General Assembly by resolution 2163 (XXT) of 5 Decem-
ber 1966 noted “with great concern that nuclear weapon tests in the atmosphere
and underground are continuing™. Tt then called upon *all nuclear-weapon
States to suspend nuclear weapon tests in all environments™. The resolution is
sct forth in Annex 13.

25 The second series of French tests in the Pacific took place between 6 June
and 3 July 1967 (Australian time).

26. The General Assembly reverted to the matter at its next session in 1967,
when on 19 December 1967 it adopted resolution 2343 (XXII) which, in the parts
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here relevant, is almost identical with that adopted in 1966 on the urgent need
lt10 Sttlspend testing in all environments. The resolution is set out in Annex 14
ereto.

27. The third series of French tests took pla -
ber 1908 (A et of B place between 8 July and 9 Septem

28. In 1968 the General Assembly by resolution 2455 (XXIII) of 20 December
1968 described its concern as “‘increasing™ and again called for a suspension of
nuclear weapon tests in all environments. The resolution is set forth in Annex 15

29. In 1969, France did not conduct any tests in the Pacific. '
) 30. The fifth report of UNSCEAR was submitted to the General Assembly
in 1969 and was noted on 28 October 1969 by resolution 2496 (XXIV).
UNSCEAR r_eported that debris from atmospheric nuclear tests continued to
be the most important man-made contaminant of the environment. Relevant
chapters of the report are set out in Annex 7.

'31. On }6 December 1969 the General Assembly by resolution 2604B (XXIV)
reiterated its concern at the continuance of nuclear weapon tests and once more
called for the suspension of such tests in all environments. The resolution is sct
forth in Annex 16.

32. In 1970 French tests were held in the Pacific between 16 May and 7
August (Australian time). At the twenty-fifth session of the General Assembly
the plea for the cessation of nuclear tests was repeated by resolution 2663 B
(XXV) adopted on 7 December 1970. The resolution is set forth in Annex 17

33. In 1971 French tests were held in the Pacific between 6 June and ]5'
A%%,us;( (Australian time).

. Yet again, on 16 December 1971 the General Assembly by re i
2828 (XXIV) renewed its call for a halt to all nuclear weapon ést; Tlfi(;ht‘itrlr:)cn
however, the tone of the preambular provisions of the resolution altered and
demonstrated more strikingly the anxiety of members:

, “Viewing with the utmost apprehension the harmful consequences of
nuclear weapon tests for the acceleration of the arms race and for the health
of present and future generations of mankind,

..............
............................

Nofing with special concern that the continuation of nuclear weapon
tests in the atmosphere is a source of growing pollution .. .”

’1:'he Assembly then reiterated: “Solemnly and most emphatically its condemna-
tion of all nuclear weapon tests.” The resolution is set forth in Annex 18.

35. A further series of French tests was conducted in the Pacific between
26 June and 28 July 1972 (Australian time). In contrast to its previous practices
the French Republic did not make any announcements of its intention to con:
duct these tests.

36. The consideration of nuclear testing by the General Assembly in 1972
took place against the background of the achievements of the United Nations
Conference on the Human Environment held at Stockholm from 5 to 16 June
1972 as well as the sixth report of UNSCEAR.

3‘7. The Stockholm Conference adopted a resolution (resolution 3 (I)) which
rpcnted the belief of the Conference: ... that all exposure of mankind to radia-
tion should be kept to the minimum possible and should be justificd by benefits
that would otherwise not be obtained.” The Conference then resolved:

“(a) To condemn nuclear weapons tests, especially those carried out in the
atmosphere;
(b) To call upon those States intending to carry out nuclear weapons
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tests to abandon their plans to carry out such tests since they may
lead to further contamination of the environment.™

Resolution 3 (I) is set forth in Annex 19.
38. In addition, the Conference adopted a Declaration of Principles of which
Principles 6, 7 and 21 provide as follows:

“Principle 6. The discharge of toxic substances or of other substances
and the release of heat, in such quantitics or concentrations as to exceed the
capacity of the environment to render them harmless, must be halted in
order to ensure that scrious or irreversible damage is not inflicted upon
ecosystems. The just struggle of the peoples of all countries against pol-
lution should be supported.

Principle 7. States shall take all possible steps to prevent pollution of the
seas by substances that are liable to create hazards to human health, to
harm living resources and marine life, to damage amenities or to interfere
with other legitimate uses of the sea.”

“Principle 21. States have, in accordance with the Charter of the
United Nations and the principles of international law, the sovereign right
to exploit their own resources pursuant to their own environmental
policies, and the responsibility to ensure that activities within their juris-
diction or control do not cause damage to the environment of other Statcs
or of areas beyond the limits of national jurisdiction.”

The full text of the Declaration appears in Annex 20 hereto.

39. The sixth Report of UNSCEAR was also submitted to the General
Assembly in 1972. UNSCEAR reported that, more than any other subject,
radio-active contamination of the environment by nuclear test explosions had
been a matter of continued interest for UNSCEAR (para. 147, Part Two, of
Annex A of the Report). Relevant parts of the Report are set out in Annex 8.

40. On 17 October 1972 the General Assembly by resolution 2905 (XXVII)
noted UNSCEAR’s sixth Report. The concern of the General Assembly in
1972 over nuclear testing was more detailed and more specific than ever before.
A serics of resolutions, 2934 A-C (XXVII), which are set forth in Anncx 21,
were adopted under the agenda item *“Urgent need for suspension of nuclear
and thermonuclear tests”. Resolution 2934 A(I) is especially relevant.

The Assembly expressed its—

“serious concern that testing of nuclear weapons in the atmosphere has
continued in some parts of the world, including the Pacific area, in dis-
regard of that [the Test Ban] Treaty and of world opinion™

and noted “the statements made by the Governments of various countries in
and around the Pacific area, expressing strong opposition to those tests and
urging that they be halted”. The Assembly then stressed anew the urgency of
bringing to a halt all atmospheric testing of nuclear weapons in the Pacific
or anywhere elsc in the world. This resolution was adopted by 105 votes in
favour, 4 against, with 9 abstentions.

41. This summary of the reports of UNSCEAR of the actions of the General
Assembly and of the 1972 Stockholm Conference serves three purposes:

First, the Reports of UNSCEAR can be accepted as objective statements of
the scientific facts in the light of scientific knowledge at the time of each Report.

Sccond, the resolutions of the General Assembly and of the Stockholm
Conference evidence the fact of universal concern regarding, and condemnation
of, the conduct and consequences of nuclear tests—especially atmospheric tests.
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Third, the trend reflected in these resolutions is not one of diminishing anxicty
but of growing fear and apprehension.

' 42. The main purpose of referring to the resolutions of the General Assembly
is to demonstrate facts. The General Assembly had before it the most up to date
information available in the form of the reports of UNSCEAR; the General
Assembly considered those reports, and in the opinion of the General Assembly
:hat scientific information warranted a demand for the cessation of atmospheric

ests.

4}. Nevcr does it appear to have been suggested that the testing of nuclear
dev:cgs in the atmosphere was other than an abnormal occurrence and a cause
of unique and special concern to the international community. The item relating
to the urgent need for the suspension of nuclear tests is of such transcending
international importance that it has appeared without interruption on the
agenda of every General Assembly since 1962, Atmospheric nuclear testing is
comparable to no other State activity. [t is not an “ordinary™ activity of the
State the consequences of which, if they give rise to damage, can be disposed of
by a payment of pecuniary damages. No State has ever seen nuclear testing in
that light; and the international community has rejected that interpretation by
calling for the cessation of atmospheric tests.

44, Ip the light of thesc overwhelming considerations the Government of
Austraha cpnsiders that it would be quite inappropriate to recommence at this
Jjuncture scientific debate on the precise degree of harm to human life which the
conduct of any particular test is likely to cause. It is sufficient to point to the
factors of uncertainty which affect every aspect of the discussion of the con-
sequences of atmospheric testing. [t is impossible to predict with certainty the
nature or extent of the fall-out from any particular test. The yield of the device
may be considerably in excess of that expected. It may not explode at the
p.redet_ermined height if dropped from an aircraft or delivered by rocket. The
direction of the wind and the local and more remote meteorological patterns
may change unexpectedly. Unforeseen rain may occur. Factors such as these
may produce a radical departure from the predicted fall-out pattern. Such an
event occurred during the tests conducted by the French Government during
1966 when, after the test of 12 September, radio-active debris was unexpectedly
transported in the reverse direction, i.e., from east to west instead of the forecast
west to east direction. (Such a phecnomenon is usually described as ““blow back™.)
It was also reported in Le Monde of 17 August 1971 that on the night of 12 and
]3 ane 1971 (local time) there was over the Tureia atoll an unforescen con-
Junction of a contaminated air layer and rain, a phenomenon described as
“rain out”. All thesc elements can lead to a significant variation in the amount of
fall-out from the test, . ‘

] 45, T\yo further complicating factors may be mentioned: first, the lapsc of
time which occurs between a nuclear test and both its somatic and genetic
consequences; and, sccond, the difficulty of diagnosing with precision or con-
fidence the origin of illnesses which may also be attributable partly or wholly
to causes other than the deposit of radio-active material. 1t is, however, these
very uncertainties regarding the consequences of nuclear tests and the irreparable
nature of any harm which might be caused thereby, which justify, at the very
least, the interim prohibition of further tests.

_ 46. World-wide scientific study of the naturc and effect of low levels of
ionizing radiation has not been confined to UNSCEAR. In November 1972
the National Academy of Sciences of the United States published the Report
of an Advisory Committee on the Biological Effects of Tonizing Radiation
(known as the “BEIR Report”) which reaffirmed the principles that any
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radiation should be regarded as harmful and that no exposure to ionizing
radiation should be permitted without the expectation of a compensating
benefit.

47. In 1928 there was established a non-governmental international body of
scientists known as the International Commission on Radiological Protection
(ICRP)". Since then, ICRP has issued recommendations for radiological protec-
tion which have been recognized and adopted by most if not all States as a
basis for such protection.

48. ICRP Publication 9 containing the most recent recommendations of
ICRP stated that its policy in preparing its reccommendations was—

“to consider the fundamental principles upon which appropriate radiation
(ionizing radiation) protection measures can be based, while lecaving to the
various national protection bodies the responsibility of formulating the
specific advice, codes of practice or regulations that are best suited to the
needs of their individual countries™.

49. The approach of ICRP to radiation protection is illustrated in the
following paragraphs extracted from the same publication:

(i) “(29) A basis of the Commission’s recommendations is the cautious as-
sumption that any exposure to radiation may carry some risk for the
development of somatic effects, including leukaemia and other malig-
nancies and of hereditary effects. The assumption is made that, down to the
Jowest levels of dose, the risk of inducing disease or disability increases
with the dose accumulated by the individual. This assumption implies that
there is no wholly ‘safe’ dose of radiation. The Commission recognizes
that this is a conservative assumption, and that some effects may require
a minimum or threshold dose. However, in the absence of positive know-
ledge, the Commission believes that the policy of assuming a risk of in-
jury at low doses is the most reasonable basis for radiation protection.™

(i) (34 Any exposure to radiation is assumed to entail a risk of deleterious
effects. However, unless man wishes to dispense with activities involving
expostires to ionizing radiations, he must recognize that there is a degree
of risk and must limit the radiation dose to a level at which the assumed
risk is deemed to be acceptable to the individual and to society in view of
the benefits derived from such activities.™

(i) “(45) When whole populations or large sections of populations are ex-
posed, it becomes necessary to consider not only the magnitude of in-
dividual risks but also the numbers of persons exposcd. Even when
individual exposures are suflicicntly low so that the risk to the individual
is acceptably small, the sum of these risks, as represented by the total
burden arising from the somatic and genetic doses in any population under
consideration, may justify the effort required to achieve further limitation
of exposure.™

I The current rules governing the sclection of the ICRP state: *The sclection of the
members shall be made by the ICRP from nominations submitted to it by the National
Delegations to the International Congress of Radiology by the ICRP itscif. The
selections shall be subject to approval by the International Exccutive Committee (1EC)
of the Congress. Members of the ICRP shall be chosen on the basis of their recognised
activity in the ficlds of medical radiology, radiation protection, physics, health physics,
biology. genetics, biochemistry and biophysics with regard to an appropriate balance
of expertise rather than to nationality.”
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50. The recommendations made b i

onr y ICRP are in respect of controllable
sources of radiation. ICRP takes the view that dose limits prescribed for radia-
tion exposure from controllable sources should not be applied for gencral use

;r(;uthe assessment of risk of radiation exposures resulting from uncontrolled
rces:

“(96) It has been stated already that the Commission’s dose limits are
agrced' valu;s, established so as to make it possible to plan and design
qpe_ratlons.mvolving foreseen but acceptable radiation exposures. These
limits are m'tended to apply only to those conditions where the source
of exposure is under control.”

In paragraph 9] of the above-mentioned publication ICRP identified nuclear
weapon explosions as a source of radiation which is uncontrollable.

51. The Government of Australia has accepted the recommendations of
ICRP and has. taken action to implement them through a varicty of measures
no{ably t?y legislation and codes of practice. In the measures currently udoptc‘d'
by it (whlph are continually under review) with respect to minimizing radiation
glosp; to md.m.duals and members of the public from controllable sources of
ionizing radla'tlon used within its territory, Australia strongly subscribes to the
recommendations of ICRP set out in paragraph 49 above and particularly to
these three basic principles:

(i) Af;]y texposure to radiation should be assumed to entail a risk of deleterious
effects.

(i) Thc‘: rqd!ation dose shqu]d _be limited to a level at which the assumed risk
to individuals and socicty is deemed acceptable in view of compensating
benefits.

(iii) Dose limits prcscribed for radiation exposures from controllable sources
shoqu not be applied for general use in the assessment of the risk of
radiation exposures resulting from uncontrolled sources.

52. A.us?tralia is opposed to atmospheric nuclear testing by the French
Republic in the Pacific. Australia sees no benefit and only harm following from
the exposure of its territory and its people to radiation from radio-active
material dqposited on or dispersed over its territory from such tests.

53. Havnng regard to the fact that it is the right of the Government of
Australia to ensure the protection not only of the population of Australia in
general but of every individual included thercin, it is no answer to the Australian
case for a suspension of the tests to say that the risk to Australia is very small
and that only a few Australians may be injured thereby. The right of the
Goyemment of Australia in this matter is absolute. Every individual has a right
to life and the French Government is not entitled to imperil the health, safety
and well-being of even a single individual. '

54. Dgring the period in which the French Republic has conducted at-
mospheric quclear tests at its Pacific Tests Centre, Australia has maintained a
comprehensive programme for monitoring radio-active fall-out, and in partic-
ular fall-out resulting from the French tests. The fall-out monitoring programme
has included measurements of:

(i) the rad.io-activity of all fresh fission products in fall-out at 25 centres to

c!egerm'me the whole body radiation doses delivered externally to persons
. living in Australia by this material when deposited on the ground; ‘
(ii) concentrations of iodine-131 in the nine major Australian milk su;;p]ics to

e
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establish average internal radiation dosc from iodine-131 to thyroid for
those consuming f{resh milk in Australia;

(iii) strontium-90 in fall-out deposit and in total diet and bone tissue of the
population to enable computation of the internal radiation dosc to bone
to which the Australian population is committed by reason of such fall-out;

(iv) caesium-137 in fall-out deposit, in milk supplies and in the bodics of the
Australian population to allow derivation of the external and the internal
radjation dose commitments to body tissues from this source;

(v) other radio-active nuclides in fall-out deposit and in air to provide supple-
mentary scientific information.

55. The geographical coverage of the said programmes in Australia is
shown in the map, Annex 22. The 25 centres for monitoring fresh fission
products for fall-out arc shown thereon with a black dot. In addition to the
25 monitoring stations in Australia, the programme for the monitoring of fresh
fission products includes Lae in the Trust Territory of New Guinca. The shaded
areas on the map indicate the locations of the nine major milk supplies assayed
for iodine-131. The continuing surveys of strontium-90 and caesium-137 fali-out
embrace the five major population centres shown in a circle and the ncarby
regions from which milk and other food supplies are drawn.

56. These monitoring programmes have detected radio-active fission products
in fall-out throughout Australia following and as a result of each of the nuclear
tests conducted by the French Republic at its Pacific Tests Centre. The main
fission products detected in this fall-out are listed in Annex 23, Some of these
fission products, notably caesium-137, iodinc-131, strontium-90 and fresh
fission product deposits, have been monitored in detail to enable radiation dose
commitments to the Australian population to be evaluated. The measurements
of radio-active fall-out so monitored have been published in official reports and
in the Australian Journal of Science. These reports and publications have been
formally submitted to UNSCEAR as official Australian information.

57. It is not necessary. for the purposes of this request, to set out in detail the
actual measurements taken in the course of these monitoring programmcs.
It is suflicient to refer to summaries of the main data. Annex 24 contains a
summary of the measurements in picocurie-days per litre of the concentration
of iodine-131 in milk supplies following and as a result of the French nuclear
tests in the Pacific from 1966 to 1972. The data on strontium-90 and cacsium-
137 in fall-out deposit on Australia from 1966 to 1971 are summarized in Annex
25 These annual fall-out deposits include contributions from all nuclear tests
in the northern hemisphere up to 1962 and by China from 1966 and in the
southern hemisphere by the French Republic from 1966. An estimate (using
established scientific procedures) of the contribution made by French tests to
this strontium-90 and caesium-137 fall-out deposit in Australia is included at
the foot of Annex 25 and depicted in Annex 26. The data for the whole of 1972
are not yet complete and therefore cannot be shown in cither of these Anncexes.

58. At the end of 1971 approximately 180 kilocuries of strontium-90 and
230 kilocuries of cacsium-137 remained in the stratosphere of the southern
hemisphere from releases of these radioisotopes to the atmosphere in nuclear
tests. Tt is estimated, using established scientific principles, that about 75 per
cent. of this inventory was due to French nuclear tests in Polynesia and that
when this is deposited in fall-out, mainly in the southern hemisphere, it will
contribute an additional 0.70 millicuries per square kilometre of strontium-90
and 0.88 millicuries per square kilometre of caesium-137 to the fall-out deposit
in Australia, 1966 to 1971, from these tests (Annex 25 and shown in Annex 26).
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5?. _The French nuclear tests from 1966 to 1972 have resulted in increased
radlat_xon doses to the Australian population both externally from fall-out
deposited on the gfound and internally from the consumption of milk and other
foodst_uﬁ's conlqmmated by iodine-131, caesium-137, strontium-90, carbon-14
and tritium. Using approaches adopted by UNSCEAR in its scco'nd to sixth
reports,_thesc doses may be expressed as dose commitments to the Aus(rdliun
popqlatlon. Again, it is not necessary for the purposes of this request to set out
detal.led figures and calculations relating to such dose commitments. It cannot
be disputed that as a result of French tests there has been increased radiation
doses to the Australian population and these dose commitments, calculated
from the measurements taken in the course of the monitoring programmes
previously described, and in accordance with the scientific principles cmploycd
by UNSCEAR, are of the following order: ‘

dose comm?tment to whole body and gonads—S5-6 millirad
dose commitment to bone marrow—11-12 millirad
dose commitment to bone living cells—14-15 millirad
dose commitment to thyroids
infants under 2—110-125 millirad
persons 2 and over—14-18 millirad.

'60. These dose commitments may be used together with estimates of risk

(risk factors) for the induction of cancer and for discascs of genetic origin >to
compute harm commitments to the Australian population expressed as the
expectgd number of additional cases of cancer and diseases of genetic oﬁgin
Adoatmg the assumption used by [CRP and sect out in paragraph 49 (1) ubovc.
!hat down.to the lowest levels of dose, the risk of inducing discase or disability
increases with the dose accumulated by the individual®, the risk factors deter-
mined by UNSCEAR and by the BEIR Committee may be used to compute
the above-mentioned harm commitments.
, 61. In its Note dated 7 February 1973 to Australia, the French Government
refcrred to anq sought support for its point of view in the reports of Australia's
Nauon_al Radiation Advisory Committee originally sct up in May 1957 (rcfcrrcd
to herelr] as l'hc “NRAC™). However, these have only a limited, if any, bearing
on the situation. The NRAC has produced a report on each serics o[‘lcgs but
it has not reported on the possible cumulative conscquences of fall-out from
all series of the tests.

62. In formulating its views on cach series of tests, the NRAC chose 1o adopt
an approach of determining the relative risk for each series rather than that of
assessmg.the cumulative harm to the Australian population from all the nuclear
tests carried out in the Pacific in the atmosphere by the French Republic. The
approach adopted by the NRAC involved in the main the comparison (;f the
expect'ed .eﬂ'ecls from the tests with those from natural background radiation
and viewing the significance of the expected effects against the incidence of
death aqd disability in the Australian population. Because of the growing
concern m.thc Australian population about the possible effects of the continued
gtmogphcnc nuclear testing by the French Republic in the Pacific, Australia
is ol?hged to consider the cumulative effect of these tests and to assess the risks
not in relative terms, but in absolute terms. ‘

63. On Tuesday, 1 May 1973, there was tabled in the Australian Parliament
areport thhc Australian Academy of Science which had been requested by the
Prime Minister relating to the following question:

“The actual or potential harm to Australia, including its human and
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animal population, its resources and environment, from the cxplosion of
nuclear devices in the atmosphere, under water, or on or near the surface
of the earth, with particular regard to the past and prospective explosions
by France in the Pacific.”

A copy of the report has been supplied to the French Government. Its principal
conclusions as summarized therein are as follows:

“1. We find no reason to question the estimates of radio-active fall-out
used in the reports from other authorities; our own independent assess-
ment is given in the Appendix.

2. Atlow doses of radiation on animals or on man, it is not known whether
the cffects are proportional to dose. There may be a threshold below
which lower levels of radiation have no effect. Current work on repair
by living cells, of damage they have suffered at high doses of radiation,
suggests that low doses may not cause cancer or genctic defects at a
rate proportional to dose.

3. It is assumed (as all official reports have hitherto done) that the re-
sponses to dose are proportional over the whole range. Australia, as
the result of the French tests which have already taken place, could
have 1 case of thyroid cancer per year due to the isotope iodine-131
and 1 to 4 other cancer cases per year due to strontium-90, caesium-137
and carbon-14. Due to the same isotopes, Australia could have one
mutation in every 10 years leading to death or disability in the first
generation, and up to 50-100 deaths or disabilitics in all subsequent
generations.,

4. We draw attention to the improbable event in which the explosion of
a high-powered bomb was combined with quite exceptional meteoro-
logical conditions giving a high fall-out over Australia. Though this
would be a singular episode, some increase in the above figures would
be expected. Thyroid cancer cases due to iodine-131 could be about
10. Other cancer cases duce to the other isotopes could increase to much
higher figures than at present levels of radiation. Mutations could lead
to two deaths and disabilitics per year in the first gencration and to
more than a thousand deaths and disabilities in all subsequent gen-
crations.

Though the average levels of radiation duc to the French explosions
are unlikely to make a statistically detectable increase in the cancer or
genetic effects in Australia, we emphasize that there should be no
unwarranted exposure to radiation. Further, with the long-lived
isotopes produced as the result of nuclear explosions in either the
southern or northern hemisphere, the effects on the Australian popula-
tion, though small, would be cumulative.™

The report of the Academy was originally submitted to the Prime Minister
and a summary of the conclusions as they then stood were published prior to
the discussions in Paris on 18, 19 and 20 April. Between 20 April and the tabling
of the report, on | May, the Academy amended certain of its conclusions in
order to correct what it considered a mathematical inconsistency appearing in
the report. The French Government has been made aware of these amendments.

64. The figures contained in the summary of conclusions of the report as-
sessing the number of cases of cancer and of genetic effects from French tests
in the Pacific are consistent with a proper application to the dose commitments
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sct out in paragraph 59 of this request of the risk factors assessed by UNSCEAR
and those adopted in the BEIR Report.

65. As the reports already mentioned indicate, accepted scientific opinion
is that exposure to radiation in the smallest dosages is potentially dangerous to
human life. The precisc limits of that danger arc not yet known. The imprecision
and uncertainty of the limits of danger arc matters of grave concern to the
Australian Government and are a factor relevant to the exercise by the Court of
its powers to grant provisional mcasures.

66. Whatever uncertainties might be said to apply to these figures they are
genuine estimates of risk, which the Australian Government, faced as it is with
a clear violation of its territorial sovereignty and sccing no compensating bene-
fit, must regard with serious concern. In view of the refusal of the French
Republic to desist from testing, Australia has no option but to invoke the juris-
diction of this Couit if it wishes to protect its rights and avoid the possibility
of further serious and irreparable harm from radiation resulting from French
tests.

67. The clear anxicty and concern of the Australian pcople at the conduct
of atmospheric tests by the French Republic has been shown in many ways.
During 1972, political representatives, scientists, trade unions and churches,
as well as ordinary members of the public, protested by demonstrations, letters
to the press, public statements, deputations, boycotts and other means. In some
cases the protests unfortunately took the form of violence against French
property in Australia. All these actions arc disturbing to Australia and its
people. The fact that they are directed against the French Republic, an old
ally with whom Australia has always enjoyed the most friendly refations, is
equally disturbing. The Government of Australia cannot, however, ignore
these protests.

68. The concern—and the rights—of Australia go further than the immediate
protection of Australian territory and Australian lives therein. Radio-active
products released over the ocean inevitably settle on the surface of the scu,
whatever precautions arc taken, and are absorbed into the water and eventually
into the life chains which comprise the marinc ecosystems. Species of such living
natural resources being contaminated with radio-active material might, de-
pending on their migratory habits, contaminate the diet of other species,
including man, in widely distributed zones.

The Extreme Urgency of the Request

69. As is stated in the Application, Australia has sought to obtain from the
French Republic a permanent undertaking to refrain from further atmospheric
nuclear tests in the Pacific. However, the French Republic has expressly refused
to give any such undertaking. Tt was made clear in a statement in the French
Parliament on 2 May 1973 by the French Secretary of State for the Armies that
the French Government, regardless of the protests made by Australia and other
countries, does not envisage any cancellation or modification of the programme
of nuclear testing as originally planned.

70. Moreover, in the past some warning of the occurrence of the tests was
usually given by the circulation a few wecks in advance of information to
diplomatic missions indicating the existence of Dangerous Zones; the details
are referred to in paragraph 45 of the Application. The French Government has
stated that no such similar warning is to be given in 1973. The French Govern-
ment has already made the preparations necessary to activatc Dangerous Zonces
on the very shortest notice. Accordingly, urgent advice of the activation of the
Zones could be given at any moment.

— o ———
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71. Tn the past, the dates (Australian time) on which the tests have com-
menced were as follows:

1966 3 July 1970 16 May
1967 6 Junc 1971 6 Junc
1968 8 July 1972 26 Junc

There appears to be a real likelihood that this year's tests may be advanced so
as 1o take place carlier than in the past.

72, These circumstances impress the present request with special urgency.

Interim Measwres Proposed

73. In the light of the foregoing considerations, Aus‘tralia submll]s thgl this is
a proper and necessary case for the Court to exercise its power to lay down or
indi /iS10M : s ‘tion.
indicate provisional measures of protec o ) ’

74. The measures which Australia rcspcclfully. requests are sm?;?lc an‘d‘lg:g
directly and exclusively refated to the rights for which Australia secks lpro;__u‘ K\h
in these proceedings. “The provisional measures shogld be that t\c rc;}g :
Government should desist from any further atmospheric nuclear tests pending

the judgment of the Court in this case.”

( Signed) P. BraziL,
Agent for the Government of Australia.
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ANNEXES TO THE REQUEST FOR D
ST F THE INDICA’ !
OF INTERIM MEASURES OF PROTECTION”OI\

Annex 1

TABLE SETTING ouT NUCLEAR TESTS CARRIED OUT AT
THE PAciFic TesTs CENTRE

The table set out below shows the tes(s involving a nucle
out by the Frcnch Government at its Pacific Tests Centre,
been conducth in the atmosphere. Included amohgs'l li1c
been exploded in the course of these tests have bccﬁ sever.
(one of one mecgaton and two of two megatons) )
and medium power as well as some of low pox’;/c‘r

ar explosion carried
ach of the tests have
devices which have
al hydrogen bombs
a number of devices of high

Year Date Yo
Date car Date
(Australian time) (Australian time)
1966 3 July 1970 16 May
20 July 23 May
12 September 31 Ma
25 September 25 Jung
5 October 4 July
1967 6 June 2§ f«lﬂéus:
. 28 June 7 Augu;st
3 July
1968 8 July 17! lg) jﬁ:g
16 July . 4 July
4 August 9 August
25 August

9 September 15 August

1972 : .
1969 (No nuclear tests 2:) jslnc
in the Pacific) 28 Jul§

KeQuro

Annex 2

UnITED NATIONS GENERAL ASSEMBLY RESOLUTION 913 (X) oF
3 DECEMBER 1955 ON “EFFECTS OF ATOMIC RADIATION™

The General Assembly,

Recognizing the importance of, and the widespread attention being given to,
problems relating to the effects of ionizing radiation upon man and his en-
vironment,

Belicving that the widest distribution should be given to all available scientific
data on the short-term and long-term effects upon man and his environment of
ionizing radiation, including radiation levels and radio-active “fall-out™,

Noting that studies of this problem arc being conducted in various countries,

Believing that the peoples of the world should be more fully informed on this
subject,

1. Establishes a scientilic committee consisting of Argenting, Australia,
Belgium, Brazil, Canada, Csechoslovakia, Egypt, France, India, Japan, Mexico,
Sweden. the United Kingdom of Great Britain and Northern Ireland, the United
States of America and the Union of Soviet Socialist Republics, and requests the
Governments of these countries cach to designate one scientist, with alternates
and consultants as appropriate, to be its representative on this Committee;

2. Requests the Commitice

(a) Toreceiveand assemble in an appropriate and uscful form the following
radiological information furnished by States Members of the United Nations
or members of the specialized agencices:

(i) Reports on observed levels of ionizing radiation and radio-activity in the
environment;

(ii) Reports on scientific observations and experiments relevant to the effects
of ionizing radiation upon man and his environment alrcady under way or
later undertaken by national scientific bodics or by authoritics of national
Governments;

(b) To recommend uniform standards with respect to procedures for sample
collection and instrumentation, and radiation counting procedures to be used
in analyses of samples;

(c) To compile and assemble in an integrated manner the various reports,
referred to in subparagraph (a) (i) above, on obscrved radiological levels;

() To review and collate national reports referred to in subparagraph (a)
(i) above, evaluating cach report to determine its usefulness for the purposes
of the Committee;

() To make yearly progress reports and to develop by 1 July 1958, or carlier
if the assembled facts warrant, a summary of the reports received on radiation
Jevels and radiation effects on man and his environment together with the
evaluations provided for in subparagraph (d) above and indications of research
projects which might require further study;

(f) To transmit from time to time, as it deems appropriate, the documents
and evaluations referred to above to the Secretary-General for publication and
dissemination to States Members of the United Nations or members of the
specialized agencies;
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s 3 tRequsts the Sfec_retary-Gencrql to provide the Committec with appropriate
ofs:;:rgsﬂ:x;ﬁfgg?lzmg and carrying on its work, and to provide a secrctary

4.‘ Calls upon all concerned to co-operate in making available reports and
studies relating to the short-term and long-term effects of ionizing radx:ution
upon man and his environment and radiological data collected by them;

5. Requests the specialized agencies to concert with the Committec conc;‘rning
any w?rk they may be doing or contemplating within the sphere of the Com-
mitiee’s terms of reference to assure proper co-ordination;

6.‘Reques1s'the. Secretary-General to invite the Government of Japan to
nominate a scientist, with alternates and consultants as appropriate, to be its
representative on the Committee; '

7. Decides to transmit to the Commit i
tee the records of the proceedings o
the General Assembly on the present item. P & of
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Annex 3

EXTRACT FROM REPORT OF THE UNITED NATIONS SCIENTIFIC
COMMITTEE ON THE EFFECTS OF ATOMIC RADIATION
(GA, OR, 13th Session, Supplement No. 17 (A/3838), 1958)

Chapter VII
SUMMARY AND CONCLUSIONS

1. Inestimating the possible hazards of ionizing radia-
tion, it is clearly necessary to know both the levels of
such radiation received by man and his environment
from various sources, and the present and future effects
likely to be produced thereby. It is of particular impor-
tance to assess the effects of radioactive fall-out from
nuclear weapons, since this source of general environ-
mental contamination is of recent origin, has been of un-
certain significance, and has led to concern in the minds
of many peaple. All sources of radiation must, however,
be reviewed for a complete evaluation of the situation.

2. The Committee, aware of the complexity of this
task, knows that our present information about radiation
levels and effects is inadequate for an accurate evaluation
of all hazards, and that many of the estimates will neces-
sarily be approximate or tentative.

3. The physical characteristics of ionizing radiation,
and the amounts of human exposures to it, are at present
more accurately known than its biological consequences,
especially where small doses and dose rates are con-
cerned. In the present chapter, therefore, we review first
the amounts of radiation received by man, both in regard
to the exposure of individuals and of whole populations,
and in respect to present and possible future levels. We
then attempt to estimate the biological effects of varying
amounts of radiation of different types, and to evaluate
the hazard resulting from certain sources of particular
significance.

4. The relevant physical data refer to the world's
population as a whole, as well as to individuals and
groups of people receiving relatively higher exposures
because of their occupation or place of living. These ex-
posures may involve the whole body uniformly, or may
be greater for certain organs or tissues, as when radio-
active material is selectively concentrated in them.

5. Tissues of the embryo, of the bone and bone mar-
row, and of the gonads are of particular importance.
Irradiation of the embryo (and of the foetus) may lead
to abnormalities of development or may prove fatal. Ir-
radiation of bone marrow and of bone may give rise to
leukemia and to bone tumours, and these tissues are sub-
jected to higher doses than other tissues of the body by
radioactive materials such as strontium-90 and radium
which become concentrated in bone. Irradiation of the
gonads is able to bring about changes in the hereditary
material; and these may be transmitted to subsequent
generations if the irradiation is received before or during
the years of reproductive activity.

6. As with any scientific assessment, the conclusions
>f this report must be subject to revision in the light of
advancing knowledge ; and the Committee hopes that the
report itself, after submission to the General Assembly,
will assist this advance by stimulating critical discussion
amongst scientists. In view of the complex nature of the
subject, individual sentences or assessmentg may easily
be misunderstood unless related to the context of the
report as a whole.

I. LEVELS OF RADIATION

7. Table 1 summarizes our estimates of the average
amounts of radiation likely to be received by populations
during specified periods, and gives the basis for a com-
parison between the amounts received from natural and
artificial sources. The method of calculation is described
in chapter 111, the averaging periods of 30 and 70 years
being used as relevant respectively to transmissible
genetic changes and to somatic injury during the lifetime
of an individual. The estimates for medical examinations
and occupational exposures are based upon the present
situation in certain countries with developed facilities,
rather than on a forecasted world average. The values
quoted for various hypothetical future circumstances are
not intended as predictions, but are calculations based on
assumptions discussed in chapter I11, and the values and
ranges are subject to all the uncertainties outlined there.

Radiation from natural sources

8. The radiation received by man from natural
sources varies somewhat from place to place according
to the local radioactivity of the earth’s surface; and that
of only occasional populated areas exceeds the average
by a factor of 10. Studies on populations living in these
areas arc of extreme interest for the development of our
knowledge on the effects of small doses of radiation. The
contribution from cosmic rays differs at different alti-
tudes and geomagnetic latitudes. That from the normal
radioactive potassium and carbon content of the body is
about the same in different people, but the radiation due
to radium, thorium and their decay products varies con-
siderably. The radioactivity of the masonry used for
some types of dwelling may appreciably increase the
radiation exposure of the occupants. The variations in
levels of irradiation from natural sources arc discussed
in chapter 111 ; the magnitude of these variations, as well
as of the average level, is informative in making com-
parisons with exposures due to artificial sources. Harm-
ful effects attributable to radiation from natural sources
are not known with any certainty, but it seems likely that
some genetic, and possibly some somatic, injury is caused
in this way.

Exposure due to medical procedures

9. It is useful to estimate this exposure, appropriately
averaged over whole populations, since the genetic, and
perhaps some somatic, effects of these procedures will
depend upon this average value. In the countries with
extensive medical facilities where its magnitude has been
estimated, the radiation given for medical purposes
makes the largest artificial contribution to the irradiation
of the population, but no data are available for countries
with fewer such facilities. The reported values of genet-
ically significant doses are of the same order as the doses
from natural sources. Among medical procedures, the
contribution from diagnostic X-ray examinations greatly
exceeds that from radiotherapy and radioisotope applica-
tions, the latter making only a small contribution; and
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TABLE I. ESTIMATED DOSE FROM DIFFERENT RADIOACTIVE SOURCES
(Computed from world-wide averages)

, Gemetically rignificans das i
Sowrce Meximum for eny .»n-‘kn’d?n-t)""' ll‘:in’;: ;’::,’7&;:,’;?“‘7:,.)nm
Naturalsources...................... 3
7
Man-made sources (except environmen-
tal oont.)lmmation and occupational
exposure)®. ............ ... ..., 0.5-§
Occupational exposured, .. . ..., ... .. Less than 0.06 "‘;’l:";"d 7
— 1 s
tal Estimates f i
il s BESE hputoms
Weapon tests cease at end of 1958. . 0.010 0.16 .
. 0.96
A s A (24 A ? o A o A o A 7 »
We.apolg tests continue until equilib-
rium is reached in about a hundred
L]
years®. . ... ... ... 0.060 0.12 1.3 28 15 17
E: 8¢5 of the 1 doses for d weopon tesiy

Assumption o' Asrumption bt

Assumption ! Aszsumption b

17 9

0 % 2 6

64 56 34 2%

79 67 42 3
100 100 100 13(51

* For countries having an extensive use iati
lin:d and reporting data to the Comm“ittger.n'.c radiation sources
onlme for certain technologically- highly developed countries
'ComPut_ed from population weighted world-wide average of
pheric fall rate and deposi
he‘ Regional ‘vajueo may differ by a factor of about 34 to 2 from
t! pulat ighted world-wide average values
because of the latitudinal variation of fall-out rate and deposit.
::manq of the world the tropospheric fall-out may tend to
m“l";::'. upper limit of this range, especially in the vicinity of
. extent to which these estimates apply to lati
different dietary habits and to those Iivingpin amm iziill(f):rsi:g’

80 to 90 per cent of the total diagnostic dose to the gonads

is due to relatively few types of examination of the
abdomen and pelvis.

10. Most of these values are preliminary estimates
and further investigations are needed, for which pro-'
cedures have been suggested by the International Com-
missions on Radiological Protection and on Radiological
Units and Measurements in a report prepared at the
request of this Committee and submitted to it in docu-
ment A/AC.82/G/R.117.

11. The significant dose to bone and bone marrow
from medical procedures has been less closely studied
than the genetically significant dose, although it may be
of importance if bone tumours or leukemia are induced
by radiation at low dose levels. Although individual mar-
row exposures vary very widely, the average is unlikely
to differ greatly from that received by the marrow from
all natural sources.

12. The contribution made by medical procedures to
the radiation exposure of populations has only lately
been estimated and has increased very rapidly in some
countries in recent years, so that it is ?’:ﬂ’ncult to evaluate
such genetic and somatic effects as are associated with an
increasing_employment of radiological procedures in
medicine. No information is yet available for prediction

soil conditions is discussed in paragraph 69 of chapter 111.

! Assumption a is that the injecti i intai
jection rate is such as t.
constant fal;-puthrale of strontium-90 and caem'un:- ;{1'7“‘;"!::::
ption b is that tests equivalent in rele; n
spheric injection of f\ssrorg products to themwhd:”l:qn\i:\';:l:(
lm)reea;:-on tests from the beginning of 1954 to the end of 1958 will
repeated at constant rate. This second assumption will give
an c?ulhbrmm value for the fall-out rate and deposit approxi-

;n::em);“ah[:f:(or of 2 higher than that calculated by using the first

& The values for the 30-year doses have bee:
spheric fall-out in accordance with paragra:hc?:lnoc((:::a{:utrmm
using a value of 0.5 mrem/year for the period of testing. !

of the future trend of medical exposures. It is expected
that improvements in equipment and techniques ma

considerably reduce individual exposures, but the cvcr{'
expanding use of X-rays may well increase the world
population dose. Precautions of the type described by the
International Commissions on Radiological Protection
and on Radiological Units and Measurements should
make possible such rediiction of exposure to radiation

as is without detriment to the med;
e dtho cal value of these

Occupational exposure

13. At present, the exposure to ionizing radiati
ceived occupationally forms only a small cgon:gi::t(i)gnr:o
the total irradiation of the population as a whole, amount-
Ing to about 2 per cent of that from natural sources in
countries in which occupational exposure is probabl
largest. With an increasing use of nuclear reactors, o)f,
radioactive ‘materials and robably of medical and in-
dustrial radiological procedures, this is clearly a figure
which should be kept under close review. Although this
source does not appear likely to make a substantial con-
tribution to the total radiation exposure of populations
in the immediate future, the occupational exposure of

some individuals may represent i i
fivi a large fra
total radiation exposure. 8 ction of their
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14. Since 1928, the International Commission on
Radiological Protection has recommended “maximum
permissible doses” for those who are occupationally ex-
posed to radiation, and has proposed appropriate meth-
ods of measurement. Their present recommendations,
which have recently been reviewed in the light of progress
in radiobiological {nowledge and which propose reduc-
tions in dase levels, may not be final but are at present
widely accepted as a sound basis for the protection of
those exposed occupationally to ionizing radiation.

Radsioactive wastes

15. The discharge of radioactive waste in countries
with nuclear reactors has not led to appreciable radiation
exposure of populations, and only small proportions of
the wastes produced need to be discharged. The likely
future extension in the use of such reactors, however,
and the possibility of accidental releases of fission prod-
ucts, clearly require that this subject be kept under
review. It is important that work should be actively
continued on methods of minimizing environmental con-
tamination from these causes.

Radiation from fall-out

16. Fall-out from nuclear weapon tests causes radia-
tion exposure in several ways (chapter I111). Exposure
of the world population results from the slow fall-out
of fission products which have been distributed in the
stratosphere. Exposures also result from any fall-out
from the radioactive “cloud” which passes through the
troposphere without having reached the higher strato-
sphere, and from the fall-out which may occur in areas
adjacent to weapon tests or within some thousand kilo-
metres of them.

17. We also consider the ways in which fall-out
material causes irradiation to different parts of the body,
to people on diffeient diets or under different agricultural
conditions, and to people of different ages; and the
change in the amounts of radiation that would result
from altered or unaltered rates of injection of radio-
active materials into the stratosphere.

Fall-out adjacent to tests

18. The early fall-out of radicactive materials near to
the sites of nuclear explosions, which is influenced by
various meteorological and testin conditions, may cause
high radiation exposure to individuals within these areas.
The amount of such radiation exposures varies very
greatly with the weapon tested, with the height of firing,
with the distance from the point of explosion, with the
direction of winds at various altitudes and with the
chance occurrence of rainfall through radioactive ma-
terial in the early hours after the test. Therefore, at pre-
sent, these doses cannot in general be calculated. Under
very special conditions, high radiation exposure and
deleterious effects have been reported, as in the cases of
the Marshall Islanders and the crew of a Japanese fish-
ing vessel. Not enough information is available as to the
general circumstances in which such local deposition
may occur, and the extent and duration of the exposures
liable to be involved.

Fall-out from the troposphere

19. Radioactive materials injected into the atmosphere
below the tropopause (at about 14 km) are brou;ht dow_n
to the earth’s surface by rainfall and sedimentation. This
process takes a few months during which they are car-

ried several times around the world. This tropospheric
fall-out consists of a mixture of radioactive materials,
most of which are short-lived isotopes. At the present
time, the tropospheric fall-out is deposited intermittently
during the year and a certain deposit of short-lived
activities is built up and maintained. When appropriate
factors for shiclding and weathering effects are included,
the gomad and average marrow dose from this deposit,
as an external source, is calculated to be about 0.5 mrem
per year.

20. Transient increases of the doses from tropo-
spheric fall-out have been observed in limited areas
shortly after weapon tests. These transient increases may
give rise for a few days to dose rates of the order of
those from natural sources.

21. The radioisotopes of tropospheric fall-out may be
taken up into the body by inhalation and ingestion. Since
the radioisotopes of principal concern are short-lived,
storage of the contaminated food products reduces the
dose which they contribute. The gonad dose over the
whole population from inhaled and ingested tropospheric
material is negligible as compared with the contribution
from this material as an external source. The average
bone marrow dose from internal sources is about 0.2
mrem per year.

22. Increases in radioactivity of the thyroid gland
have been found during periods of several weeks or a
few months followirig weapon tests. In human thyroids
a dose from iodine-131 of about S mrem per year has
been estimated for 1955-1956 in the United States ex-
cluding areas immediately adjacent to weapon test sites.
Doses of this order are unlikely to cause detectable
damage or functional change in the gland.

23. Irradiation of bone may result from incorporation
of intermediate and short-lived fission products. Al-
though these materials do not cause prolonged irradia-
tion, they may become selectively concentrated into those
areas of bone in whiclf active growth is taking place at
the time, and so cause more iniense radiation locally
than if the same amounts of these materials were dis-
tributed throughout the whole skeleton.

24. The Committee has insufficient information on
local variations and temporary increases of tropospheric
fall-out in populated areas at different distances from
weapon test sites, and emphasizes the lack of further
data which would permit evaluation of the biological sig-
nificance of this source of environmental contamination.

World-unde fall-out from the stratosphere

25. Radioactive materials injected into the strato-
sphere, especially by high-yield nuclear explosions, con-
stitute a reservoir from which they fall onto the whole
of the earth’s surface for many years. The rate of fall-
out varies with latitude and is greater in the northern
hemisphere, where most of the tests are carried out.
Within any given small area, fall-out rate may also vary
with local meteorological conditions. The figures given
in table I ar¢ computed from world-wide average 8e-
posits from stratospheric fall-out. The radiation due to
stratospheric fall-out from weapons exploded so far will
contribute a 30-year gonad dose of 10 mrem, and a 70-
year per capita mean marrow dose of 160 mrem and 960
mrem for two populations deriving most of their dietary
calcium from milk and rice respectively.

26. Owing to the relatively gradual fall-out from the
stratosphere, most of the subsequent radiation is due to
two radioactive isotopes of slow decay, other fission
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products already having largely undergone decay. These
two radioactive isotopes are caesium-137 and strontium-
90. The physical properties and chemical behaviour of
the two differ.

27. Caesium-137 is responsible for most of the gonad
radiation from fall-out noted in table I. When it is taken
into the body, it becomes distributed more or less evenly
throughout the tissues, causing uniform irradiation of
the wﬁole body ; and when present in the surroundings,
its penetrating gamma radiations cause a similarly uni-
form irradiation of tissues,

28. Strontium-90, on the other hand, is not a gamma-
emitter and does not contribute significantly to the irradi-
ation of any part of the body from without. However,
on being taken into the body, it becomes incorporated
in bone because of its chemical similarity to the normal
bone-forming element calcium. This similarity with
calcium and selective concentration in bone raises prob-
lems which do not occur with caesium-137.

29. The average concentration of strontium-90 in the
bones of children, in whom new bone is continuously
being formed, is higher than in adults whose bones were
largely formed before the environment, and conse-
quently the food supply, became contaminated with
strontium-90. The highest concentrations of strontium-
90 in bone have in fact been observed in children from a
few months to five years old. The bone marrow ex-
posures from fall-out given in table I are due to the
strontium-90 content of bone and refer to the concen-
trations estimated for children of these ages. The cor-
responding exposures of bone cells from fall-out are; on
the average, about three times the values for bone mar-
row. Marrow cells almost enclosed by bone would receive
doses similar to those in compact bone. The maximum
marrow dose could differ by a factor of about 5 from
the average level.

30. THe radiostrontium concentration in bone is also
affected by dietary habit and by the ratio of the amounts
of strontium-90 to calcium in the diet. At present this
ratio differs in various dictary constituents; it is higher
in brown rice than in white, somewhat higher in many
vegetables than in milk products, higher in rain-water
than' in river water, and lower in sea fish than in fresh-
water fish,

31. Agricultural conditions may also affect the content
of strontium-90 in the diet, since the available calcium
of the soil will, within certain limits, influence the ratio
of strontium-90 to calcium in crops derived from the
soil. The distribution of soils which are highly deficient
in calcium and their utilization require further study.
More work is also needed to understand the distribution
of strontium-90 in the soil, its chemical availability to
plants and uptake through their roots, its behaviour
under ploughing and the leaching of it from soil by the
action of water, since the figures in table I for future
strontium-90 levels in bone are calculated on the assump-
tion that this material will not be leached from soil, and
this assumption may lead to unduly high values.

32. Bone marrow exposures from fall-out are given in
tahle I for two conditions : one based on observations in
the United States of America and the United Kingdom,
where milk is the main source both of dietary calcium
and of strontium-90, and where soil calcium contents are
sommonly high; and the other based upon data from
Japan where milk products are much less used and where
rice and other vegetable products form the main source

of dietary calcium and strontium-90, and where low
calcium soils are frequent. These two estimates demon-
strate the present range of known dietary contamina-
tions. They will be used in an attempt to estimate the
hazard of radiation from fall-out in paragraph 57 below,
when the nature and frequency of the biological effects
of radiation have been considered.

33. It is evident that the radiation exposures from
fall-out which are most likely to be of significance are:

(a) Those from short-lived fission products and
radioactive material due to local or tropospheric fall-out;

(b) Those of the gonads and other organs from
caesium-137 due to stratospheric fall-out;

(¢) Those of bone and adjacent tissue from stron-
tium-90 which also comes largely from the stratosphere.
The relative importance of these contributions varies
from region to region.

11. BIOLOGICAL EFFECTS OF RADIATION

34. The biological effects of ionizing radiation are
exhibited in different ways according to whether isolated
cells, tissues, organs or organisms are examined. In
passing from unicellular to higher organisms, the pri-
mary physicochemical consequences of radiation become
increasingly influenced by secondary effects due to the
reactions of the organism to the primary events. Dctailed
knowledge of these reactions is needed for a full under-
standing of the results and mode of action of radiation.
The following paragraphs deal first with the cellular
effects of radiation ; then with the somatic effects on the
irradiated individual and with the genetic effects on his
progeny.

35. The effects of ionizing radiations on living matter
are extremely complicated, and their exact mechanisms
are still largely unknown. The initial disturbance is asso-
ciated with ionization (and excitation) of molecules
which lead to alterations in their properties. Many func-
tions of the cell are thus affected by radiation, and, al-
though some specific effects may he caused by one or a
few events in the cell, many are probably the combined
result of numerous such events.

36. The minimum doses causing certain detectable
biological effects differ very much in different organisms,
but for most mammals they are of about the same magni-
tude, so that the results of experiments on such animals
can, as a first approximation, be applied to man. The
sensitivity of different tissues to radiation varies con-
siderably, however. Our_knowledge of the biological
effects of low radiation levels is meagre because of ex-
perimental difficulties and the lengthy observations nec-
essary to obtain results in this field. At present, opinions
as to the possible effects of low radiation levels must be
based only on extrapolations from experience with high
doses and dose rates.

Effects of radiations on man

37. Man may prove to be unusually vulnerable to
ionizing radiations, including continuous exposure at
low levels, on account of his known sensitivity to radia-
tion, his long life, and the long interval between concep-
tion and the end of the period of reproduction.

38. Embryonic cells are especially sensitive to radia-
tion, and some evidence suggests that exposure of the
foetus to small doses of radiation may result in leukemia
during childhood. Irradiation of pregnant mammals has
shown that doses exceeding 25 rem to the foetus during
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certain stages of its development can cause abnormalities
in some organs. Some embryonic cells (neuroblasts) of
certain species cultivated in vitro respond to doses as
small as 1 rad. If these results should be applicable to
man and since they relate to the development of the
brain, the opinion seems justified that even a very small
dose to the human foetus may involve some risk of
injurious effects if received during a critical period of
pregnancy. Radiostrontium must be expected to enter
foetal bone when calcification starts in the second tri-
mester of pregnancy, and so cause irradiation of the
adjacent developing nervous system and hypophysis with
exposures ranging up to that occurring in the bone. The
uptake of radiostrontium in foetal bone tissue is, how-
ever, at present very small, contributing less radiation
than 1 per cent of that due to natural sources; but if the
present rate of test explosions is continued, it will rise
ultimately to some 10 per cent of that due to natural
sources.

39. Children are regarded as being more sensitive to
radiation than adults, although there is little direct evi-
dence on this subject, except for an indication that
cancer of the thyroid may result from doses of a few
hundred rad which do not induce this change in adults.

40. In human adults it is difficult to detect the effect
of a single exposure to less than 25 to 50 rem, or of con-
tinuing exposure to levels below 100 times the natural
levels. The first sign of radiatiop damage to the blood-
forming tissues seems to be a drop in the number of
lymphocytes and platelets and the appearance of abnor-
malities such as bilobed lymphocytes.

41. Rapid but transient disturbances have been ob-
served in mammals after exposure to a single dose of
25 to 200 mrem. Appropriate biochemical and physio-
logical techniques have, however, only recently been
applied to the study of irradiated organisms, and have
not yet given a clear picture of what happens to organ-
isms irradiated with small doses or dose rates. Too few
mammalian species have hitherto been studied in this
respect, and there is a clear need to widen this basis,
from which inferences can be drawn concerning man.

42. Processes of repair play an important role in the
final outcome of radiation damage. They are one cause
of the existence of a threshold dose (or dose rate)
characterized by the fact that this dose or greater ones
produce a particular biological effect which does not
appear when the dose is less than the threshold. In the
latter case, physicochemical events have occurred, but
recovery processes have prevented the final appearance
of the biological damage. Threshold doses are found for
some somatic effects, such as erythema of skin. Other
forms of radiation damage to cells, tissues or organisms,
however, appear to be cumulative; for instance, muta-
tional damage, once established, is not repaired.

43. Damaged cells or tissues may be eliminated and
replaced by regenerated normal cells, this process being
most active in embryos and young animals and in certain
tissues of the adult. The affected cells may also re-estab-
lish apparently normal biochemical functions. During
the process of regeneration of tissues damaged by radia-
tion, malignant tumours may be induced.

44, The power of repair differs considerably in differ-
ent organisms and types of cells, and varies to a high
degree with the phystological conditions. No chemical
treatment has yet been discovered which will induce or
accelerate recovery from radiation damage in man. The

grafting of blood-forming tissue has so far been success-
ful only in small mammals irradiated with a lethal dose
to the whole body, and no attempt to apply this treatment
to irradiated man has yet been reported.

45. Prevention of the effects of radiation is rendered
more difficult, and complete protection against it impos-
sible, because changes which already occur during the
irradiation lead to later damage. The discovery of chemi-
cal protectors, although important theoretically, has not
yet yielded methods which appreciably reduce radiation
damage in man. At present, effective protection from
external radiation sources can only be achieved by ade-
quate shielding or by keeping at a safe distance from the
source. Much work 1s in progress on the effect of certain
(chelating) agents in discharging from the body radio-
isotopes incorporated there, and so diminishing exposure
to internal irradiation.

46. Morphologically recognizable damage may be in-
duced by total or partial, continuous or intermittent
irradiations much in excess of the currently accepted
“maximum permissible levels” of occupational exposure.
Such damage includes leucopenia, anemia and leukemia.
Other pathological conditions such as cataract, carcinoma
of the thyroid, and bone sarcoma are known to have re-
sulted from partial body irradiations, but with rather
high doses involving hundreds or even thousands of rem
given to these organs.

47. The shortening of the life-span in small rodents
exposed to large doses has suggested the possibility that
certain degenerative processes may be aggravated by
continued exposure to low radiation levels. Such a
shortening has also been inferred from an analysis of the
published death rates of United States radiologists com-
pared with those of certain other groups of medical men.
However, studies in the United Kingdom have failed to
demonstrate such an effect.

48. Present uncertainty about the effects of low dose
levels makes it imperative that as much relevant infornia-
tion as possible be collected about groups of persons
chronically exposed at these levels and for whom ade-
quate control groups exist, for instance, certain popula-
tions in areas of high natural radiation and workers in
uranium mines.

49. Exposure of gonads to even the smallest doses of
ionizing radiations can give rise to mutant genes which
accumulate, are transmissible to the progeny and are
considered to be, in general, harmful to the human race.
As the persons who will be affected will belong to future
generations, it is important to minimize undue exposures
of populations to such radiation and so to safeguard the
well-being of those who are still unborn.

50. The present assumption of the strictly cumulative
effect of radiation in inducing mutations in man is based
upon some theoretical considerations and a limited
amount of experimental data obtained by exposure of
experimental organisms to relatively high dose levels.
This assumption underlies all present assessments of the
mutational consequences of irradiation. Therefore, ex-
tension of the experimental data to the lowest practicable
dose levels is needed.

51. The knowledge that man’s actions can impair his
genetic inheritance, and the cumulative effect of ionizing
radiation in causing such impairment, clearly emphasize
the responsibilities of the present generation, particularly
in view of the social consequences laid on human popu-
lations by unfavourable genes.
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52. Besides increasing the incidence of easily discern-
ible disorders, many of them serious but each compara-
tively rare, increased mutation may affect certain
universal and important “biometrical'’ characters such
as intelligence or life-span. In this way, it is possible that
conhtinued small genctically significant exposures of a
population may affect, not only a correspondingly small
number of individuals seriously, but also most of its
members to a correspondingly small extent. While less
easy to detect, this second kind of effect on a population
could also be serious. Unfortunately, the great majority
of the genes affecting the “biometrical” characters are
not individually detectable and so can only be studied
collectively and with difficulty. In consequence, far less
is known about them than about genes responsible for
individually detectable changes and very little indeed
about their response to irradiation, even in the best-
studied experimental organisms. Hence it is impossible,
at the present time, to estimate with any assurance the
effect upon biometrical characters of any given level of
irradiation of human populations. Much further research
throughout this field is therefore needed.

53. The Committee emphasizes the urgent necessity
for well-planned investigations which may lead to a
better understanding of the mechanism of mutation and
the eventual possibility of controlling this process. More
information is needed on the effect of radiation in induc-
ing mutations in man. Indeed, even the dose required to
double the normal mutation rate in man is not known
with any accuracy. There is also need for a much closer
co-operation between geneticists and demographers in
elucidating the nature of the complex process of human
selection. Many important subjects of relevant genetical
research have been reviewed by a study group of the
World Health Organization in their report “Effects of
Radiation upon Human Heredity”, document A/AC.82/
G/R.58.

’
II1. GENERAL CONCLUSIONS

54. The exposure of mankind to ionizing radiation at
present arises mainly from natural sources, from medical
and industrial procedures, and from environmental con-
tamination due to nuclear explosions. The industrial,
research and medical applications expose only part of
the population while natural sources and environmental
sources expose the whole population. The artificial
sources to which man is exposed during his work in
industry and in scientific research are of value in science
and technology. Their use is controllable, and exposures
can be reduced by perfecting protection and safety tech-
niques. All applications of X-rays and radioactive iso-
topes used in medicine for diagnostic purposes and for
radiation therapy are for the benefit of mankind and can
be controlled. Radioactive contamination of the environ-
ment resulting from explosions of nuclear weapons con-
stitutes a growing increment to world-wide radiation
levels. This involves new and largely unknown hazards
to present and future populations ; these hazards, by their
very nature, are beyond the control of the exposed per-
sons. The Committee concludes that all steps designed to
minimize irradiation of human populations will act to
the benefit of human health. Such steps include the avoid-
ance of unnecessary exposure resulting from medical,
industrial and other procedures for peaceful uses on the
one hand and the cessation of contamination of the en-
vironment by explosions of nuclear weapons on the
other. The Committee is aware that considerations in-
volving effective control of all these sources of radiation

involve national and international decisions which lie
outside the scope of its work.*t

55. Certain general conclusions emerge clearly from
the foregoing part of this report:

(a) Even the smallest amounts of radiation are liable
to cause deleterious genetic, and perhaps also somatic,
effects.

*The USSR submitted a draft proposal for paragraph 54
which, as amended by Cm:hoslovziia with the agreement of
the USSR, read as follows:

“The scientific information received by the Committee indi-
cates that the genetic effects of radiation must be considered
reactions for which there is no threshold. This means that
any increase in the exposure of the human organism to radia-
tion will lead to an increase in the incidence of hereditary
diseases. According to one body of scientific opinion, malignant

pl and also leukemias are di the incidence of
which may increase as the level of radiation rises. These data,
together with the fact that there is very little likelihood that
the human orFanism can adapt itself to conditions of increased
environmental radiation, indicate that any increase in the radia-
tion dose above the natural radiation level must be considered
undesirable for mankind. Efforts should accordingly be made
to improve the physical basis and the technique of the medical
use of radiation by formulating more precise indications for
the use of radiation and by eliminating adverse side effects.

It is also essential to develop, on the basis of broad interna-

tional co-operation among scientists, research on the improve-

ment of protection and safety techniques in atomic industry
and in science and technology. The physical and biological
data presented in the report make it plain that efforts should

made to eliminate the uncontrolled source of radiation, e,
to end experimental nuclear and thermonuclear explosions,
and enable the Committee to draw the conclusion that there
should be an i di ion of test explosions of nucl
weapons.”

This proposal was rejected by the following roll-call vote :

In favour: Czechoslovakia, Union of Soviet Socialist Re-
publics, United Arab Republic.

Against: Argentina, Australia, Brazil, Canada, France, Japan,
Mexico, Sweden, United Kingdom of Great Britain and North-
ern [reland, United States oF America,

Abstaining: Belgium (Chairman), India.

The above text expresses the dissenting view of Czechoslo-
vakia, the United Arab*Republic and the USSR to the wording
of paragraph 54, which was approved by a majority of the
Committee.

f‘lndial also submitted a draft proposal for paragraph 4
which, with amendments accepted by India, read as follows:

“The exposure of mankind to ionizing radiation at present
arises mainly from natural sources, from medical and indus-
trial procedures, and from environmental contamination due
to nuclear explosions. The industrial, research and medical
applications expose only part of the population while natural
sources and environmental sources expose the whole popula-
tion. The artificial sources.to which man is exposed during
his work in industry 4nd in scientific research are of value in
science and technology. Their use is controllable, and ex-
posures can be reduced by perfecting protection and safety
techniques. All applications of X-rays and radibactive isotopes
used in medicine for diagnostic purposes and for radiation
therapy are for the benefit of mankind and can be controlled.
Radivactive contamination of the environment resulting from
explosions of nuclear weapons constitutes a growing incre-
ment to world-wide radiation levels, This involves new and
largely unknown hazards to present and future populations;
these hazards, by their very nature, are beyond the control
of the exposed persons. The physical and biological data con-
tained in the report lead to the conclusion that it is undesirable
to allow any general rise in the level of world-wide contamina-
tion because of its harmful eflects and that any activity which
produces such a rise should be avoided. Nuclear tests are the
main source at present which produce such a rise.”

This proposal was rejected by the following roll-call vote :

In favowr: Brazil, France, India, Japan, United States of
America.

Against: Argentina, Australia, Mexico, Sweden, United
Kingdom of Great Britain and Northern Ireland.

Abstaining: Belgium (Chairman), Canada. Czechoslovakia,
Union of Soviet Socialist Republics, United Arab Republic
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(b) Both natural radiation and radiation from fall-
out involve the whole world population to a greater or
lesser extent, whereas only a fraction of the population
receive medical or occupational exposure. However, the
irradiation of any groups of people, before and during
the reproductive age, will contribute genetic effects to
whole populations in so far as the gonads are exposed.

(c) Because of the delay with which the somatic
effects of radiation may appear, and with which its
genetic effects may be manifested, the full extent of the
damage is not immediately apparent. It is, therefore,
important to consider the speed with which levels of
exposure could be altered by human iction.

It is clear that medical and occupational exposure, and
the testing of nuclear weapons, can be influenced by
human action, and that natural radiation and the fall-out
of radioactive material already injected into the stratos-
phere, cannot.

$6. Present knowledge concerning long-term effects
and their correlation with the amounts of radiation re-
ceived does not permit us to evaluate with any precision
the possible consequence to man of exposure to low radi-
ation levels. Many effects of irradiation are delayed;
often they cannot be distinguished from effects of other
agents ; many will only develop once a threshold dose has
been exceeded ; some may be cumulative and others not;
and individuals in large populations, or particular groups
such as children and foetuses may have special sensi-
tivity. These facts render it very difficult to accumulate
rcliable information about the correlation between small
doses and their effects either in individuals or in large
populations. Even a slow rise in the environmental radio-
activity in the world, whether from weapon tests or any
other sources, might eventually cause appreciable damage
to large populations before it could be definitely identified
as due to irradiation. Appearance and elimination of ad-
verse genetic effects would be very slow; and, as the
radioactive contamination accumulated, it might so act
as to increase the likelihood of somatic injury in indi-
viduals due to the additional exposure. Such a situation
requires that mankind proceed with great caution in view
of a possible underestimation. At the same time, the
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possibility cannot be excluded that our present estimates
exaggerate the hazards of chronic exposure to low levels
of radiation. Only further intensive research can estab-
lish the true position.**

57. Any present attempt to evaluate the effects of
sources of radiation to which the world population s
exposed can produce only tentative estimates with wide
margins of uncertainty. Estimates are given in chapter
IIT for the radiation exposure of populations from such
sources, and in chapters V and VI for the likely somatic
and genetic effects of given exposures. On the basis of
these, the Committee has tried to evaluate the Possnblc
effect of natural and of fall-out radiation in causing leu-
kemia, tumours of bone and major genetic defects (table
II) since these are conditions which may posmbl{ be in-
duced by irradiation at low dose levels. The methods of
calculation, and the main sources of uncertainty in these
estimates, are described in chapters 111, V and VI, where
factors of correction are also given for the different esti-
mates corresponding to differences in the assumptions on
which the calculations are based. It will be evident that
the estimates indicate only the order of magnitude of the
frequency with which effects may be produced, and that
our ignorance as to whether thresholds exist for the
induction of leukemia or bone tumours by radiation
cause the greatest uncertainty in the estimates.

Indications for research

$8. This report presents evidence both of the in-
creasing levels of radiation exposure, and of our uncer-
tainties as to the naturc and extent of the effects of
radiation on man, particularly when received at low dose
rates over long periods. It is most important, therefore,
that scientific research and the collection of information
on the effects of radiation should be actively continued
and developed so that the uncertainties in all branches of
radiobiology are reduced or removed.

*¢ The maximum permissible levels of exposure and maxi-
mum permissible body burdens of radioactive isotopes recom-
mended in 1954-1955 by the International Commission on
Radivlogical Protection as applying in the case of occupational
exposure must not be misinterpreted to apply in the case of
exposure of whole populations.

ESTIMATES OF CERTAIN POSSIBLE ANNUAL CONSEQUENCES OF RADIATION RECEIVED BY

WORLD POPULATION FROM CERTAIN SOURCES

World population

Notwral occurrence

Source of redsasson

Feall-out from weapon tasts

Comsegquance SIWma s3sumed per year Naturel radistion Tests In "!:‘u‘v--:
(im mulhons) ’::'l"'; w:{tl:'-c'h:::;‘um
Leukemia
If threshold O rem... ............. 3.000 150,000 15,000 400 to 2000 -
o " 5,000 250,000 25,000 — 5,000 to 60,000
If threshold 400 rem.............. 3,000 150,000 [ 0° —
5,000 250,000 (11 — 0
Major Gemetic Defects® . .. .. 5000 700,000 to 3.000,000 25,000 to 1,000,000 ‘ 500 to 40,000

» Maximum rate during peak period. An estimated total of
less than 25,000 to 150,000 would ultimately occur.

» Unless individual bone marrow dose exceeds mean value by
a factor of 60.

o Unless individual bone marrow dose exceeds mean value by
a factor of 80 to S00.

4 Unless individual bone marrow dose exceeds mean value by
a factor of 5 to 60. . )

» Conditions which are at least a serious handicap to those
affected, as listed in table X1 of annex t

A total of 2,500 to 100,000 would occur over subsequent vears.

Nortes.—The: methods of estimating incidences ol leukemia
and major genetic defects are described in annex D, paras. 127
to 130. . . o

The quantitative evaluation of an increase in incidence of

primary bone tumour attributable to radiation presents great

difficulties. If it were assumed that 5 to 10 cases per million
normally occurred per year, and that 10 per cent of these were
induced by natural radiation the lollowmf figures could be calcu
lated from the 70-year osteocyte doses if a non-threshold hypo-
thesis were assumed: -

For tests stopping in 1958 and world population 3,000 million.
70 to 900 per year (as the maximum rate).

In equilibrium after prolonged continuation of tests and world
population 5,000 million, 1, to 25,000 per year (as the con
tinuing rate).

If a threshold of 400 rem were assumed, the incidences would
be zero unless individual osteocyte doses exceeded the mean value
by a factor of 80 to 500 in the case of tests stopping in 1958 anc
by a factor of § to 60 in equilibrium alter prolonged continuation

of tests.
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59. Our knowledge of radiation and of its hazards is
not h.owever' static ; although still limited, it has been ex-
panding rapidly. In recent years, considerable and some-
times spectacular advances have been made in our
understanding of many of these matters. In the light of
general scientific experience, the Committee confidently
ex that continuing research on an increasing scale
will furnish the knowledge urgently needed to master
t&hose? risks twhhch we know to be associated with the

evelopment and scope of the u.
development 2 mankoil:led ‘ e uses of nuclear energy for

Indications for research into radiation levels

60. The doses received by both individuals and whol
populations from various uately
B oo v sources are not yet adequately

(8) The range of tissue dose rates due to

. . . . . tu al
radioactivity, particularly in heavily populated are:: w{th
?:cgo‘:t:: :ie;rf:ogrtaphxlc regprds, as welras the variations

. natural radioactiv i
beings need further examinatione; substances in human

(b)_ Fuller information is required as to the ex
oefd Vvarious populations to radiation during industrigf;lx": '
cedures and during medical procedures, especially in so
far as this involves children or foetuses and exposure of
the bone marrow or gonads. It would be valuable if these
further Investigations could provide (i) a more repre-
sentative estimate for some countries already studied
(ii) a fuller study of the dosage associated with the

varied extent of medical facilities in different countries
(iii) clearer estimates of the radiation given to different
t;‘scsues, including bone, (iv) the contribution from radio-
therapy and (v) a continuing study of future develop-
ments and of changes in the medical radiation exposure ;

(¢) More extensive research is required on the f

:'f industrial radioactive effluents of v?-ious types aendao:
; f;'f;g/:m::m(:i radiation exposures of populations.
(d) Many factors which determine the distributi

s t
of local, tropoepheric and stratospheric fall-out ?r:::

experimental nuclear explosions require further investi-
gation. In particular, more evidence is required on the
behaviour of fission products in the stratosphere. Colla-
tion of information 1s needed to determine the pattern
and extent of global fall-out on land and oceans. Far
more extensive information is needed as to the mechan-
isms whereby fission products, particularly strontium-90
and caesium-137, reach food-chains and enter the human
ma,nast.well as the co;;c:ntration of those materials in
) issues, particularly unde; iti
this is likely to blla greatcst.y F the conditions where

Indications for research into biological effects

. 61 Ipformation' concerning the biological effects of
irradiation of man is derived from experimental biology
and from clinical observations and statistical surveys. '

(a) All advance in radiobiology de

| pends upon prog-
ress in general cellular biology, and ires i i
study of the fields concemcd(.)gy 30 Teqires Tnfensive

(b) Fundamental biological knowledge is requir
our understanding and control of the wgy in ;?ﬁchc?aiioi{
ation influences cells and their hereditary material, and
how it brings about carcinogenesis. Further studies of
these phenomena are ncede?i and form the only satis-
factory basis for measures which could be adopted to
prevent or cure the harmful effects of radiation.

(¢) Toidentify any occasional harmful effects of low
doses and dose rates requires systematic and long-term
observation and the recording of relevant facts, especi-
ally concerning the frequency of certain somatic dis-
orders and the genetic structure of populations. It is a
task to which this Committee urgently draws the atten-
tion of demographers and mediraf statisticians, especially
in regard to possible correlation of certain diseases with
high natural or artificial radiation exposure.

Training for research

62. The advance of research in all these fields
upon appropriate training of scientific workers.depend’
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Annex 4

EXTRACT FROM REPORT OF THE UNITED NATIONS SCIENTIFIC
COMMITTEE ON THE EFFECTS OF ATOMIC RADIATION
(GA, OR, 17th Session, Supplement No. 16 (A/5216), 1962)

CHAPTER 11

PHYSICAL AND BIOLOGICAL ASPECTS OF THE INTERACTION
OF IONIZING RADIATION WITH MATTER

1. Discussion of the effects of radiation on human
populations requires an clementary knowledge of physics
and biology and of the relevant terminology. The pres-
ent chapter is intended to meet this requircment as well
as to give such a description of the processes induced
by radiation in cells as is necessary to make the follow-
ing chapters understandable.

2. Formal definitions of physical quantities and units
are given in annex A and a detailed account of the
interactions between radiation and living matter at the
cellular and molecular level in annex B.

Physical aspects

TyYPES OF IONIZING RADIATIONS

3. Radiation is one way in which energy is emitted
and transferred. While the term radiation refers to a
wide range of modes of emission, propagation and ab-
sorption of energy, this report on the effects of tonizing
radiations will be concerned specifically with alpha rays,
beta rays, gamma rays, X-rays, ncutrons, and all those
forms of radiation occurring in cosmic rays.

4. These radiations may be considered jointly as they
all give risc, either directly or indirectly, to a common
phenomenon, ionization, when they interact with mat-
ter. Tonization is the removal of electric charges from,
or their addition to, electrically neutral atoms and mole-
cules, which then become either negatively or positively
charged. In this process molecules may split into sepa-
rate fragments of either charge. Electrically charged
atoms, molecules or fragments of molecules are cailed
fons.

S. Despite the common result of their interacting with
matter, the radiations considered in this report are suffi-
ciently different in their origin and physical properties
to warrant separate description. X- and gamma rays are
electro-magnetic waves like light; other radiations con-
sist of streams of individual particles. Alpha, beta and
gamma rays and occasionally other radiations are
emitted during nuclear disintegration. Unstable nuclei®

* Atomic nuclei are Comrlcx siractures forming the core of
atoms They are made up of positively charged protons and elec-
trically neutral neutrons which are both elementary particles of
approximalcllv the same mass as the hydrogen atom. A nuclide
is a species of atom charactenized by the number of protens and
the number of neutrons contained in its nucleus. The positively
charged nucleus is surrounded by a number of negatively
charged electrons which move in orbits around it. The charge
of the electron is the same as that of a proton but of opposite
sign so that the number of orbiting electrons in neutral atoms
is equal to the number of protons in the nucleus. These orbital
electrons participate in the formation of chemical bonds. The
number of protons defines the chemical element to which the
atom belongs. For a given element, various nuclides with the
same chemical properties may be recognized which differ only
in the number of neutrons and therefore in the mass of their
nucleus. These are called tsofopes of the element.

are, in one or in a sequence of such disintegrations, con-
verted to stable nuclei. Intermediate nuclides arising in
a series of disintegrations are called radio-active daugh-
ters.

6. Nuclear disintegrations of an unstable isotope do
not occur in all atoms at the same time. They are random
events occurring with a certain probability per unit time.
The time required for 50 per cent of the atoms of a
nuclide 1o disintegrate is a measure of the rate of dis-
integration and is called the half-life. It is constant and
characteristic of the nuclide, and it may range from
over a thousand million years to a small fraction of a
second.

7. The activity of a radio-active sample is determined
by the number of distintegrations occurring per unit
time. The unit by which it is usually expressed is the
curie. One curie corresponds to 3.7 X 10* distintegra-
tions per second. A millicurie, a microcurie and a micro-
microcurie (or picocurie) correspond to 3.7 X 107, 37
% 10* and 0.037 disintegrations per second, respectively.
It is convenicnt to remember that one micromicrocurie is
approximately two disintegrations per minute. It should
also be noted that radio-nuclides of very long half-lives
show only a slight radio-activity per unit mass (e.g. one
curie of uranium-238 with a half-life of 4.5 X 10° years,
has a weight of three tons, whilst one curie of radium-226
with a half-life of 1.63 X 10° years, has a weight of
one gram and one curie of iodine-131 with a half-life
of 8 days has a weight of 8 micrograms).

8. Alpha rays are positively charged particles (helium
nuclei) emitted with definite and characteristic kinetic
energy by nuclei of some radio-nuclides during disin-
tegration. Alpha rays produce dense ionization in matter
but their range, or penetration, is small, usually less than
0.1 mm in water and in living tissues.

9. Beta ravs are electrons emitted by nuclei of certain
radic-active nuclides.t They also produce ionization in
the matter through which they pass. The range of beta
rays, however, is much greater than that of alpha rays.
Few radio-active nuclides emit beta particles of range
greater than 2 cm in water and in hving tissues, and
none of range greater than 8 cm.

10. Gammaraysare electro-magnetic radiation emitted
by nuclei of some radio-active nuclides; they have defi-
nite energies characteristic of the nuclide by which they
are emitted. Gamma rays ionize matter indirectly
through the ejection of high speed electrons from the
material in which they are absorbed. These electrons
may be ejected at a considerable depth in matter; each
electron then dissipates its energy within a short dis-
tance (from less than a millimetre to a few centimetres
depending on its energy). No definite range can be given
for gamma rays since they penetrate any thickness of
matter but with progressively decreasing intensity. The

+ In many cases beta rays consist of particles of the same mass
as the electrons, but of opposite charge.
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thickness of matter required to decrease the gamma-ray
intensity by one-half is known as the half-value thick-
ness.

11. X-rays are also electro-magnetic radiation and
interact with matter and produce biological effects in
the same way as gamma rays. They differ from gamma
rays only in that emission is extra-nuclear rather than
nuclear. In practice, X-rays are usually produced by
retardation of high speed electrons in the anode of an
X-ray tube. These electrons have been accelerated by
the application to the tube of a difference of potential,
the magnitude of which determines the maximum
energy 9( the X-rays produced and, therefore, their
penetrating power. The X-rays used for diagnostic
medical procedures are less energetic and less penetrat-
ing than gamma rays from most radio-active nuclei. It
is possible, howcver, using special electron-accelerating
machines, to generate X-rays that are more penetrating
than gamma rays from any radio-active nuclei.

12. Neutrons are constituents of atomic nuclei, from
which they are ejected during nuclear processes such
as fission (para. 20). Neutrons are uncharged and can-
not produce ionization directly.

13. Fast neutrons (of energy greater than 10 keV)
lose energy mainly b{ collision with nuclei of light atoms,
especially those of hydrogen. These nuclei recoil and,
being cha"zed. produce ions as they dissipate the energy
transfe: from the neutron. The transmission of
energy from fast neutrons to recoil nuclei can take place
at a considerable depth in tissue; like X-rays and gamma
rays, fast neutrons have no definite range.

14. Slow neutrons have little energy to lose in colli-
sion with nuclei. They interact with matter mainly by
nuclear reactions that result in emission of charged par-
ticleg or gamma rays while new nuclides (some of them
radio-active) are produced. Matter is ionized by these
particles or gamma rays as well as by the radiation
emitted during the subsequent disintegration of the in-
duced radio-isotopes.

15. Cosmic rays®+* reach the earth from outer
space; they consist of a complex group of heavy par-
ticles with different energies, of galactic and solar origin
(primary cosmic radiation), The highly energetic frac-
tion of primary radiation interacts with atoms present
in the upper atmosphere giving rise to secondary cosmic
radiation which is composed of particles and of electro-
magnetic radiation, Each component of secondary cos-
mic radiation produces ionization in its own character-
istic manner. The low energy fraction of primary cosmic
radiation, trapped by the magnetic field of the earth,
becomes part of the inner and outer belts that girdle the
globe at two different altitudes.

ENEZRGY OF RADIATIONS

16. The energy of radiation is normally measured in
electron-volts (eV) and its multiples, kiloelectron-volts
(keV = 10* eV), and miilion electron-volts (MeV =
10° ¢V). It may be emphasized that the electron volt is
a unit that may be used for any kind of energy, radiant,
thermal, kinetic, etc., although it is primarily used for
ionizing radiation.

EXTERNAL AND INTERNAL IRRADIATION

17. Radiation sources may give rise to external and
internal irradiation of living beings. In the former,

radiation reaches the body from sources outside it. In
the latter, radiation comes from radio-active materials
incorporated within the body after ingestion, inhalation,
injection, etc,

18, In external exposure, highly penctrating radia-
tions are generally the most significant although, in cer-
tain circumstances, hard beta radiation from outside the
body may reach important tissues such as the male
gonads or the lenses of the eyes. Alpha and beta radia-
tions are usnally more significant in internal exposure,
since radio-active substances may enter into the metabo-
lism of the organism and become preferentially depos-
ited in particular organs rather than being uniformly
distributed throughout the body. In the<e circumstances,
even short range particles can damage these or adjacent
organs. Critical organs are those for which the effects
of radiation, under any givcn conditions of exposure,
are most likely to cause impairment of essential body
fuqctipns, because of the radio-sensitivity, the level of
radiation exposure, or the importance of such organs in
body function.}

NUCLEAR REACTIONS

_19. Radio-active materials occur naturally in the en-
vironment, but man has recently been adding to this
natural radio-activity by artifictally producing radio-
active atoms on a considerable scale mainly through two
reactions, nuclear fission and nuclear fusion.

20. Fission is the splitting of a heavy nucleus into two
fragments with release of energy. While with a few
nuclei fission may occur spontaneously, it may be in-
duced artificially in a range of heavy nuclei by neutron
interaction. As a consequence of fission, two lighter
nuclei are produced, accompanied by one or more neu-
trons. Some of these neutrons may in turn be made to
interact with neighbouring nuclei to produce further
fissions and, under appropriate conditions, a chain reac-
tion may be started. When the chain reaction occurs
?uasi-insuntaneously, a nuclear explosion is produced.

n nuclear reactors, however, the chain reaction is con-
trolled, so that the energy released can be used indus-
trially or for research purposes. The release of sub-
stantial amounts of energy by the fission process,
whether controlled or explosive, is accompaniedp by the
production of large quantities of radio-active fission
products.

21. In fusion processes two light nuclei are made to
react to produce one hcavier nucleus. The total amount
of energy that may be obtained is high; few radio-
active nuclei are directly produced but their formation
is usually accompanied by the emission of neutrons.

22. Neutrons emitted in fusion or fission may react
with nuclei in the environment, giving rise to the for-
mation of radio-active nuclides %:'nduced activity). In
particular, when neutrons are released into the atmos-
phere they are likely to react with nuclei of nitrogen,
and give rise to the radio-active nuclide carbon-14.

RADIATION DOSES AND UNITS§

23. Rad. When matter, including living matter, is ex-
posed to any ionizing radiation, the resulting effects de-
pend on the energy absorbed in the exposed object. The

The definition of critical o iven here essential
af.;:y_im the fuller defnitions given by ICRP Crepors of tha
ission, 1958 ; report of Committee 11, 1959).
§ Formal definitions are given in annex A.

REQUEST 71

amount of radiation received by a given tissue is there-
fore defined as the energy absorbed per unit mass of
the tissue; this is called the absorbed dose and is meas-
ured in rad.

24. Roentgen. In some cases, for instance in medical
radiology, the quantity of X- or gamma rays is usually
measured in terms of the number of ionizations pro-
duced by those radiations in a given mass of air under
certain conditions. This quantity is called exposure dose
and its unit is called roentgen. In this report, when the
term “dose” s used, it shall be understood to refer to
“absorbed dose” except where the possibility of confu-
sion makes it necessary to use the complete expression.

25. Relative biological effectiveness. Despite the basic
similarity of their interaction with living matter, ioniz-
ing radiations of different kinds and encrgies differ in
that the dose required to produce a given biological
effect (e.g. cell death or lens opacity) may vary. The
relative biological effectiveness (RBE) of one radia-
tion with respect to another is defined as the inverse
ratio of the respective doses necessary to bring about a
given effect. 1f, for a certain biological system, the RBE
of alpha rays is 10, this means that for such system, an
alpha-ray dose of 0.1 rad will produce the same biologi-
cal effect as one rad of the reference radiation. Con-
ventionally, X-rays within a certain energy range are
used as the reference radiation. It must be understood
that values of RBE strictly apply only to those condi-
tions under which measurements are made, since the
RBE for two given radiations can vary with a number
of factors, including the effect being observed, the dose
level and the dose rate.

26. Rem. For purposes of radiation protection, and
the calculation of maximum permissible levels, values
of RBE have been adopted for various types of radia-
tion to allow for the greater effectiveness of these radia-
tions in causing harmful effects. The dose in rad mul-
tiplied by the relevant RBE factor is termed the RBE
dose and is expressed in rem ||

27. A similar method is useful when it is necessary
to compare the biological importance of doses of dif-
ferent types of radiation, or to give a biologically rele-
vant dose for a total exposure to which different forms
of radiation contribute In neither case is it strictiy ap-
propriate to use the RBE values that are intended for
protection purposes and hence are designed to express
the maximum likely effectiveness of a radiation in caus-
ing any harmful effect under the conditions of exposure
relevant to protection work. Since the RBE of a given
radiation may vary according to the type of effect con-
sidered, as well as with the dose level, dose-rate, species
examined, and various other factors, a special value of
RBE should ideally be used for each situation. This
would be impossible in the present state of knowledge
as well as unmanageable in a general account of radia-
tion effects. For purposes of either comparing or sum-
mating doses of different types of radiation, therefore,
the RBE factors adopted for protection purposes are
used in this report. For all other purposes, e.g. when the
effect of any one particular form of radiation is reported
(as in chapter I1I and in annex D), it is more appro-
priate to quote the absorbed dose directly (in rad) since
further assumptions as to the effectiveness of one, rela-
tive to other types of radiation, are herc unnecessary
and irrelevant.

28. Dose-rate. Since radiation may be delivered over

il The vatues of these RBE factors are given in annex A.

a varying and sometimes extended period of time, either
the total dose over that period may be considered, or
the dose delivered per unit time, which is called the
dose-rate. The importance of considering both dose-
rates and total doses when dealing with protracted ir-
radiations will become apparent later in this report
Dose-rates are expressed in rad, rem or roentgen per
unit time (e.g. per minute, per hour, etc.) depending on
the dose unit used.

29. Distinction between activity and dose. It is essen-
tial to bear in mind the distinction between “activity”
measured in curies (para. 7) and dose, measured in rad
or rem. Activity is defined in terms of the number of
disintegrations occurring in the radio-active material in
a given time; such disintegrations may be accompanied
by the emission of a variety of radiations of different
qualities and energies. Dose, however, is a measure of
cnergy absorbed at some given point in tissue.

Biological aspects

30. Organisms are made of cells, the number of
which may range from one (unicellular organisms) to
many billions (multicellular organisms). This report
deals mainly with multicellular organisms and, unless
otherwise stated, the word organism will indicate a mul-
ticellular one.

31. In multicellular organisms cells differentiate dur-
ing embryonic development into tissues, each with a
specialized function; different tissues may be assembled
to form specific functional and morphological units.
systems and organs.

32. While the action of noxious agents affects in-
dividual cells, the over-all result of such action has much
wider repercussions in complex organisms. These must
in fact be viewed as integrated units where each change
in any constituent reflects to a lesser or greater extent
on the whole.

33. Most cells contain a recognizable nucleus and
surrounding cytoplasm. Roth nucleus and cytoplasm are
highly complex ; they contain about 70 per cent water
as well as other small molecules such as sodium chloride.
and more complex molecules. Threadlike structures—
the chromosomes—become apparent in the nucleus dur
ing division ; their number is fixed for each species. The
hereditary factors, the genes, are located linearly along
these chromosomes. Chromosomes consist mainly of
deoxyribonucleic acid (DNA) and ribonucleic aud
(RNA) associated with protein to form nucleoproteins
DNA is believed to be the essential constituent of the
genes, whereas RNA carries the information from nu-
clear DNA to the cytoplasmic structures. Among these
mitochondria and ribosomes, which consist mamly of
proteins and nucleoproteins, are the site of intense meta
bolic activity. Their integrated operation is a condition
for normal cell function.

34. Individual orgcnisms generally develop from:
single cells through binary divisions (mitosis). In bi-
sexual species the original cell, called a zygote, is the
product of a process of fusion (fertilization) between
two cells, called gametes, contributed by male and fe
male, respectively, and originating in the gonads (testes
and ovaries). After the first few divisions following
fertilization the cellular progeny of the zygote differ-
entiates into different lines. One of these lines eventually
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gives rise either to male (sperms) or female (eggs)
gametes and is called the germ line, all other lines being
called somatic. Since the zygote originates from the
union between gametes, it constitutes a material bridge
between successive generations, whereas the somatic
cells of an individual are destined to die when the in-
dividual has completed its life-course.

35. The inherited characteristics of cells and or-
ganisms are determined by genmes. They are character-
1zed by an inherent stability which ensures that at each
duplication two identical genes are produced. The
stability is not absolute, however, and changes of a gene,
resulting in an alteration in some hereditary character-
istic, can occasionally occur. Such changes are called
g:ne mutations; their frequency is increased by a num-

r of chemical and physical agents, ionizing radiations
being among the most studied mutagens.

36. Cellular division is accompanied by duplication
of the chromosomes and their separation into daughter
cells. Radiation damage to the chromosomes themselves
may also be observed. These are called chromosome
mutations or chromosome aberrations and consist of
breaks of chromosomes and their consequences. Chro-
mosome mutations may also result from unequal distri-
bution of chromosomes during cell division.

37. Somatic cells contain two sets of chromosomes,
one inherited through the sperm of the father, the other
through the egg of the mother. Since the zygote origi-
nates from the union of two gametes, the chromosomes,
and therefore the genes, would double at cach genera-
tion if, during their development, cells of the germ line
did not undergo a process of reduction. Cells with two
sets of genes thus give rise to gametes having only one
set through a sequence of two divisions called meiosis.
As a result of meiosis one chromosome from each pair,
irrespective of its paternal or maternal origin, goes to
form a gamete.

38. The gametes, which contain one set of chromo-
somes, aré called haploid cells, whereas germ-cells prior
o meiosis (odgonia and spermatogonia) and somatic
ells, contain two sets and are called diploid. The ploidy
f a cell represents the number of haploid sets of chro-
nosomes contained in its nucleus. Polyploids, cells with
lloidy higher than two (triploids, tetraploids, etc.) are
nown in some organisms and tissues. Malignant tis-
ues, as a rule, have some cells with chromosome num-
ers different from those of normal cells.

39. The distinction between germ cells and somatic
ells is important, since injuries produced in somatic
ells will be confined to the individual, whereas those
ffecting germ-cells can be transmitted to the next gen-
rations, and may therefore give rise to hereditary
ffects. Since somatic cells give rise to cellular progenies
‘hich can be affected by damage to their genetic mate-
al (somatic mutation) and perpetuate such damage
ithin the individual, it is evident that “genetic” effects
in be produced in both somatic and germ cells. In the
-esent report the expression “genetic effects” will refer
- genic or chromosomal alterations irrespective of their
‘curring in somatic or in germ cells. The term *heredi-
ry effects” will be limited to those genetic effects that
n be transmitted to the next generation.

40. Cells of different organs and tissues differ widely
their morphology, metabolism, and proliferative ac-
sity. Cells of the nervous system, which divide during
¢ embryonic life, practically cease to do so after birth,
1creas the cells lining the digestive tract are continu-
y replaced.

41. Also rapid is the renewal of the circulating blood-
cells, erythrocytes, leukocytes, and platelets, which are
continuously supplied by the blood-forming tissue. Un-
like the active blood-forming system which is localized
in specific organs, red bone-marrow and lymph nodes,
another system associated with it, the reticulo-endothelial
system, is present throughout most tissues. One of its
main functions is to scavenge the tissues of cellular
debris and of particulate foreign substances.

Effects of ionizing radiation on cells

. 42. Comprehension of the action of radiation on liv-
ing cells is still far from complete and is limited by lack
of knowledge of the normal cellular structures and func-
tions likely to be injured. Cellular radio-biology cannot
be separated from cellular biology; any progress in
either discipline can be expected to be accompanied by
advances in the other.

. 43. The achievements of biochemistry and biophysics
in the past few ycars have meant a remarkable progress
in cellular biology and have enabled us to obtain a bet-
ter picture of the complex chain of events initiated when
cells are irradiated. A detailed discussion of these events
is given in annex B. Here only those will be mentioned
which are necessary to follow the argument of the next
chapters of the report. The main end-effects of irradia-
tion in cells will also be briefly described and an ac-
count will be given of the factors which may alter the
response to radiation.

44. Radiation-induced injuries are largely non-
specific; many other agents, both physical and chem-
ical, are able to cause the same effects as those produced
by radiation.

45. The first effects of radiation on living matter are
physical, in that they affect atoms and molecutes irre-
spective of their arrangement in living structures.Ps-
A result is the splitting of molecules into fragments
known as radicals and ions. These fragments are de-
prived of the chemical stability characteristic of the
original molecule.

46. Radicals may interact both between themselves
and with unaltered molecules, thus giving rise to new
chemical compounds and upsetting the chemical balance
of cells.P3-*2 Since water constitutes about 70 per cent
of the cell, radicals arising from the splitting of water
molecules are important in the initial chemical changes
induced by radiation.

. 47. All the essential constitutents of cells and in par-
ticular complex molecules like proteins®*2-'* and nucleo-
proteins,®*3-%% may be affected through the action of
radicals. They may also be injured by radiation directly,
however, without the intervention of radicals. The re-
spective role of the direct and indirect actiop of radiation
in bringing about cellular lesions is not yet clear; it is
probable that in most effects both modes of action
operate B2s-3¢

48. Radiation damage can also be caused by decay of
a radio-active nuclide incorporated into cellular constitu-
ents.B318-23 The Jocalization of such a nuclide in cellular
structures is therefore important. An example is carbon-
14, a puclide with a very long half-life, which decays,
on emission of a beta particle, to the stable nitrogen-14.
The beta emission may obviously give rise to radiation
effects. However, since carbon is a basic constituent of
all essential living structures, it has also been suggested
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that thi® elang® of <arBoN-14 inte nitrogen will some-
times Decur in a key molecular structure; this change
may appreciably add to the effects of the radiation re-
leased by that nuclide in the form of beta particles.
Although direct evidence regarding the effects of trans-
mutation of carbon-14 is still limited, the local effects of
disintegrations have been convincingly demonstrated
with other isotopes such as phosphorus-32.

49. Depending on the dose of radiation, processes
leading to the synthesis of essential cellular constituents
are retarded to varying degrees and may even be com-
pletely inhibited; this is particularly true for the syn-
thesis of nucleic acids.Bi*¢-1#* The integrity of these
synthetic mechanisms is essential for the maintenance of
morphological structures and for ensuring growth and
division of cells. Inhibition of mitosis is, in fact, one of
the earliest effects of irradiation, but probably most
cellular functions and structures are to a greater or
lesser extent impaired by radiation.®**$-1'" Cellular death
is an over-all and ultimate result of irradiation; it can be
brought about by different mechanisms, and has in some
cases been ascribed to nuclear damage, in the form of
chromosome breaks.

50. Chromosome breaks sometimes repair through re-
joining of the broken ends shortly after the breakage
event; however, a proportion fail to repair. Fragments
of chromosomes may be lost if cellular division takes
place before healing; then the damage becomes perma-
nent.B®'-1¢ Certain rearrangements of chromosome
material through union of broken ends in new combina-
tions may likewise cause death at cell division (para. 57).

S1. The particular effectiveness of irradiation of the
nucleus as compared to that of the cytoplasm might be
due to the fact that the nucleus contains the chromo-
somes, each of which usually occurs only once or twice
per nucleus. Cytoplasmic structures on the other hand
normally occur in great numbers so that the elimination
of one or more of them may be of less consequence. The
role of cytoplasmic damage should however not be dis-
counted, since such damage can be held responsible for
some cases of cellular death. It is, however, much more
difficult to prove, as only exceptionally do radiation-
induced morphological changes in the cytoplasm become
apparent. Yet, the mere fact that metabolic processes are
always affected by radiation, and that most of these
processes take place in the cytoplasm, suggests that cyto-
plasm may have more critical importance than suspected.

52. Extensive quantitative work has been done on the
dependence of the frequency of cellular death on
dose.B1%-2 When a cell population is exposed to radia-
tion, a fraction only of the cells becomes unable to re-
produce, the size of the fraction depending on dose. It
is not predictable whether an individual cell will fail to
reproduce, but the proportion of deaths reflects the
probability that individual cells may be killed. At low
doses proportionality between dose and fraction of cells
killed is frequently seen, but sometimes more complex
situations arise. In any case, however, the proportion of
affected cells increases with increasing doses.

53. The relationship between dose and effect is being
studied at lower and lower doses for a number of radia-
tion effects. Since the frequency or the degree of any
effect is directly related to the dose, effects at very low
doses are very small and may be demonstrated only when
very large numbers of cells are irradiated. The possi-
bility of detecting effects at the lowest doses has there-
fore practical limitations determined by the size of the

experiment that would be necessary to reveal them. The
detectability decreases with the dose, since at very low
doses the frequency or the degree of any cffect becomes
so small as to require unmanageably large numbers of
cells to become apparent. Radiation-induced lysogenesis
(the release of bacterial viruses from bacteria which do
not normally release them) is detectable at doses as low
as 0.3 rad.

54. The dose of radiation necessary to produce a
given effect in a given fraction of different cellular popu-
lations is inversely related to their relative sensitivity.
When the effect investigated is cellular death, the nature
of the cells (protozoa and bacteria are more resistant
than mammalian cells), the size of the nucleus (in a
number of plant cells sensitivity is related to the volume
of the nucleus) and ploidy (haploid cells have a sensi-
tivity different from diploid cells) are among the various
cellular factors which affect sensitivity,B 75208

55. Sensitivity is also related to physiological condi-
tions of the cells. Thus, bacteria grown in complex,
nutritionally rich media are often more sensitive than
cells grown in simple media.

56. Various factors influencing the development of
radiation effects are known.B*+11° Cell sensitivity varies
with the temperature and moisture content of the cells;
it is also modified by a number of chemical factors that
may raise or decrease sensitivity. Among those which
reduce sensitivity, lack of oxygen is the best known,
most radiation effects arising at higher doses or becom-
ing less pronounced when cells are poorly oxygenated.
Certain chemical compounds, on the other hand, when
applied before or durinf irradiation, are able to some
extent to protect cells from radiation damage. Those
chemicals may act by reducing the amount of oxygen
available to cells or by competing with radicals produced
by the irradiation. Their study is important since it may
lead to methods of reducing radiation injury in man.

57. One of the major effects of radiation is the pro-
duction of genetic damage.®***3* This can be caused by
two different mutational mechanisms, chromosome mu-
tation and gene mutation. The former is the conse-
quence of chromosoine breaks. When two or more
breaks are produced in the same or in different chromo-
somes, the unions which may occur frequently involve
alterations of the original sequence of genes. Alteration
of the gene sequence as well as loss of parts of chromo-
somes or even of whole chromosomes often leads to
cellular death. In some cases, however, the chromosomal
damage is transmitted to daughter cells.

58. The nature of gene mutations has been greatly
clarified by studies on bacteria and viruses. Nucleic
acids, along which genes are arranged within chromo-
somes, consist of a sequence of elementary units in
various specific permutations. Changes in the sequence
of these units result in mutation.

59. The mechanism of mutation is, however, far from
being understood. Studies in lower organisms have
shown that mutation is a comdplex process going through
a first stage in which the damage may, at least to a
limited extent, be reparable and only after a certain time
become irreversible.

60. Like all radio-biological effects, the induction of
mutations is dose dependent and is proportional to the
dose down to the lowest levels investigated so far. The
proportionality factor, however, has been shown to vary
with the dose-rate in a number of species, as will be
discussed in chapter IV,
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CHAPTER II1
SOMATIC EFFECTS

body irradiation on man. Since observations in
man are few, they will be su ed by, and interpreted
in the light of, information from animal experiments.

2. Owing to interrehtionships between parts of the
[ sm, ge to an individual organ may induce
ects in other organs or even in the whole organism.
Repair mechanisms may play a major role, replacing
am cells or tissues through regeneration of sur-
viving cells, but complete recovery may be only apparent
and residual injury may emerge long after irradiation.

3. The somatic effects of ionizing radiations in man
and in animals are mainly determined by physical factors
such as the nature of the radiation, the absorbed dose,
its distribution in time (instantaneous irradiation, frac-
tionated, protracted for shorter or longer pericds) and
its spatial distribution, in particular the extent to which
the body is exposed.Pi-12

4. In assessing susceptibilities various end points can
be used; and the apparent radio-sensitivity of a tissue
or organ depends on the method of observation. Sensi-
tivity depends on age at the time of exposure, children
being more susceptible than adults. P12

S. The initial effects produced by radiation may lead
to clinical effects expressed promptiy or months or years
after irradiation depending not only on the nature and
extent of the initial radiation injury, but also on sec-
ondary factors, such as hormonal influences, exposure
to other ‘carcinogens, nutritional and other host factors.
Animal experiments suggest that even viruses may be
such co-factors in carcinogenesis, but no h cancer
has thus far been linked to a virus.

1. This discusses the effects of partial and
chapter pal an

6. It is not possible to distinguish sharply between
carly and late effects since effects observed soon after
radiation may persist. Nevertheless, it is convenient to
consider as early, such effects as are observable within
a few weeks after exposure. Late cffects are those that
;gpezr many months or years later and are not always

viously related to the early effects.D15-3¢

Early effects

7. All organs and systems in man and animals can
be temporarily or permanently affected by irradiation.
Injury to blood and blood-forming organs, to the alimen-
tary tract and to the nervous system are the most critical
in determining the possibly fatal outcome of total body
irradiation.

8. The clinical course of acute radiation injury in man
is well known from observations on individuals exposed
to large doses of radiation. Evidence from the irradiated
populations in Hiroshima and Nagasaki and in the
Marshall Islands, from subjects irradiated therapeu-
tically or in the course of laboratory accidents with
critical assemblies, as well as animal data indicate that

the best estimate of the median lethal dose (LD 50) for
man is 300 to 500 rad (short-term total body radiation;
the actual value depends on the type and distribution of
the radiation). This does not mean that man can tolerate
this amount of radiation, since all individuals exposed
to this level would have serious symptoms and 50 per
cent would die. It must be stressed that the results of
exposure to 200 rad short-term total body radiation may
sometimes cause death,

9. When individuals are exposed for a short period
of time to high doses of penetrating radiation the inju:
to the organism may take three different forms, depcnz
ing on the dose received. With doses of several thousand
rad, the outcome is fatal within hours and the clinical
picture is predominantly neurological.P"

. 10. Between 500 and 2,000 rad of total body radia-
tion, gastro-intestinal symptoms predominate P %° They
usually develop within a few hours, may then subside for
a few days and then recur suddenly, leading to death
within about one week.

11. With doses between 100 and 500 rad given within
a short time, gastro-intestinal symptoms may develop
within a few hours, followed by apparent recovery. Con-
ditions worsen, however, within a period of about three
_wecks, when the first signs of injury to the blood-form-
ing organs begin.®** Damage to the blood-forming
organs may cause bleeding and increase susceptibility to
infection. When appropriately treated with general sup-
portive therapy, patients may recover.

12. Other organs and systems are always involved
concomitantly with those whose damage is or may be
conducive to death. Not all observed changes are mor-
phological; functional effects also occur, e.g. modifica-

* tion of conditioned reflexes in animals given local doses

to the head as low as § rad.P%

13. The radiation pathology of individual tissues and
organs was dealt with'extensively in the 1958 report and
is again reviewed in annex D o(v the present report. No
detailed account will therefore be given in this chapter.

Late effects

14. The difficulties in the study of the late effects of
radiation are in part due to the dong interval of time that
may elapse between irradiation and clinical manifesta-
tions, sometimes making it difficult to establish the con-
nexion between the effect and its cause. They are also
due to the lack of specificity of the effects.

15. The late effects are, in fact, usually indistinguish-
able fyom diseases induced by other causes, and radiation
only increases their incidence in the population. The
causal relationship between irradiation and a possible
late effect in man can only be established in individual
cases from circumstamia(cvidencc together with evi-
dence derived from the observed induction by irradiation
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of similar effects in experimental animals. Large-scale
human surveys may confirm in man the association be-
tween given late effects and irradiation.

16. Such surveys must be carried out on suﬂ'lcien:l{
large irradiated populations to ensure that the observed,
ang always small, number of individuals showing the
effect under study is high in a control, untreated but
otherwise similar, population where the incidence of
that effect may vary owing to chance alone. When the
increase in incidence of the effect in the irradiated popu-
lation is higher than can be accounted for by chance fluc-
tuations, the increase is said to be statistically significant.

17. In considering populations irradiated for medical
reasons, difficult problems may arise in excluding the
possibility that the disease which has prompted the irra-
diation is by itself responsible for an increased incidence
of the effect, in which case the association between the
effect and the irradiation could be misleading.

18. The main late effects comprise:

(a) Many types of neoplasms, including leukaemia;
(b) Local effects on tissues;

(¢) Changes in the life-span;

(d) Effects on growth and development.

INCIDENCE OF LEUKAEMIA AFTER RADIATION D1-2%¢

19. Inall countries for which mortality data are avail-
able, the recorded death-rates from the various forms of
leukaemia (malignant proliferation of some of the
blood-forming cells) have been rising since the turn of
the century. Recent statistics, however, show a percep-
tible and consistent decline in the rate of increase of
these diseases in the United States since 1940. If this
trend were to persist, the incidence could eventually
stabilize or even decline. A similar trend has been noted
in Japan, but at later time periods. It will be necessary
to verify the uniformity of this phenomenon by data
from other countries.

20. While the cause of the increased incidence of
leukaemias is unknown, the recent reduction in the rate
of increase appears to discredit the hypothesis that the
growing exposure of human populations to radiation is
the major factor responsible for the increase.

21. The relationship between external irradiation and
the occurrence of leukaemia in man, first suspected when
its increased incidence among radiologists was moticed,
is now established by two continuing studies: the inci-
dence of leukaemia among survivors of the atom bombs
in Hiroshima and Nagasaki and among ankylosing spon-
dylitis patients given X-ray therapy. Very few data are

et available on the induction of leukaemia by internal
trradiation in man even at high doses, but this phe-
nomenon has also been described in experimental
animals.

22, Two major and closely related questions are:
what is the relationship between dose and incidence? Is
there a dose of radiation (threshold dose) below which
leukaemia will not be induced?

23. The studies on the irradiated populations in
Hiroshima and Nagasaki®*** are particularly impor-
tant because the populations involved are very large and
are not selected on the basis of age, physiological condi-
tions, incidence of previous diseases or occupational
habits.

24. Since the first report of the Committee, a number
of new cases of leukaemia have occurred among these

populations. It now seems that the incidence, after
having remained fairly constant for a number of years,
is declining.

25. Despite continued investigation, the doses re-
ceived can only be inferred from the distance of the
survivors from the hypocentre of the bombs. The doses,
therefore, are highly uncertain, and this uncertainty re-
flects on the dose-effect relationship. The data are not
inconsistent with the hypothesis of simple proportion-
ality (linearity) between dose and incidence. However,
because of the small number of cases occurring at doses
below 100 rad, various other hypotheses can be en-
visaged.

26. The investigation of the incidence of leukaemia
among irradiated patients treated for ankylosing spon-
dylitisP 24242 3150 shows a clear dependence on dose, and
the data are not incompatible with a linear relationship
between dose and effect. The validity of these results is
limited, however, both by the limited number of ob-
served leukaemias and by the fact that the probability
of developing leukaemia after irradiation among spon-
dylitics may not be the same as for the general popu-
lation. In any case, this study does not provide evidence
of an increase in the incidence of leukaemia following
doses below 500 rad.

27. Neither investigation, therefore, can definitely
answer the question as to the nature of the dose-effect
relationship; nor can they answer the further question
as to whether the association between radiation and
leukaemia occurs below a certain dose. Whatever the
dose-response curve at higher doses, it is impossible
either to establish or to exclude the possibility that a
critical dose might be required before irradiation brings
about the morphological and functional cell derange-
ments responsible for inducing leukaemia.

28. In the ankylosing spondylitis as well as in the
Hiroshima and Nagasaki surveys, no statistically signifi-
cant difference can be shown between the observed inci-
dence of leukaemia at the lowest doses investigated and
what would be expected if the incidence was the same as
in the general population. This cannot be construed as
evidence for the existence of a threshold, since the ab-
sence of difference may only reflect the fact that the
increase in the incidence of leukaemias at low doses is
too small to be detected.

29. Experiments to provide critical information con-
cerning dose-response relationships, mechanisms of ra-
diation carcinogenesis and protection against radiation
in whole organisms can only be done with animals, but
their usefulness is limited by the difficulty of making
valid extrapolations from one species to another, par-
ticularly to man from animals with a much shorter life-
span. Extrapolations should, in any case, be made onl
from a species in which meaningful data can be obtained.
Each type of mouse leukaemia, for instance, should be
considered as a specific disease, and inferences and data
drawn only from those truly analogous to diseases in
man.

30. Since so little is known about the effects of low
dose-rates, great care must be exercised in inferring,
from the available experimental, or human data, the
effects to be expected from irradiation due to those arti-
ficial nuclides that are being released into the environ-
ment. While the importance of the very low dose-rate to
which they give rise may be great, it is difficult to evalu-
ate, since their effect cannot be studied experimentally
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owing to the unmanageably large numbers of animals
required.

31. An increase in leukaemia and other forms of
malignant disease has been reported in children irradi-
ated in utero, as a result of pelvic X-ray examination
during the mother’s pregnancy.®*"*-#% The dose of radi-
ation may have been ~ 1-10 rad. These results and those
of several other studies are equivocal. Results obtained
from a different type of study have shown that the in-
cidence of leukaemia in children born of 40,000 mothers
irradiated during pregnancy was no greater than that
expected among children in the population in general.
Althﬁh the question remains open, it is a possibility
that ryonic and foetal tissue is more susceptible than
adult tissue to the induction of leukaemia following
irradiation.

OTHER MALIGNANCIES

32. Data from irradiated animals and man indicate
that malignant tumours may be induced by radiation in
most tissues, provided the dose is sufficiently high.

33. Radiation-induced tumours often take long to de-
velop, and need not be preceded by observable morpho-
logical changes in the cells at the site of origin of the
cancer. Radiation can also induce malignant disease
through indirect mechanisms. Pituitary tumours, for
instance, can be observed in mice not as a result of irra-
diation of the hypophysis but as a consequence of
radiological destruction of the thyroid.®*** The role of
indirect mechanisms has also been shown in the induc-
tion of ovarian and thymic tumours in mice.

34. Most animal experiments, usually performed with
relatively homogenous populations, have shown that
there are dose levels where no increase in incidence of
certain neoplasms can be detected. As in the case of
leukaemia, this cannot be interpreted as evidence for
the existence of a threshold. On the other hand, in the
induction of at least one type of tumour in rats, minimal
effective dose-levels are extremely low, so that there
may be practically no threshold for the induction of
tumours. In some of these experiments, the dose-effect
relationship seems to permit extrapolation to zero. A
difficulty with short-lived laboratory animals is that at
low doses the average period required for manifestation
of the tumour may exceed the life-span and hence no
cffect may be seen.

35. Most of the data on the induction of neoplasms
by radiation in man have involved extremely high doses.

us, skin cancers'have appeared with low incidence in
man after local irradiation in the range of 1,000 rad per
year after prolonged latent periods of fifteen years or
more.

36. Since the first report, preliminary data on the
Japanese survivors of the atom bomb have become avail-
able,P®#7-288 indicating an incidence of some forms of
cancer other than leukaemia higher than in the non-
exposed population. The increase is highest among those
who were closest to the explosions. Because the latent
periods of induction of most tumours are long, data are
not yet available that would indicate whether this in-
crease in the incidence of malignancies will persist, rise
further or decline.

37. Data on the induction by radiation of bone
tumours in man—chiefly osteogenic sarcoma, probably
originating from those bone-forming cells that line bone
surfaces—have been obtained from occupationally irra-

diated radium dial painters, patients treated with radium
salts for therapeutic purposes, and patients given X-ray
treatment of bones, particularly for benign or inflamma-
tory lesions. Again, the latent periods for tumour induc-
tion are long and the dose, where known, is high, the
local doses being of the order of hundreds of rad or
more.

38. Assessment of the risk of carcinogenesis, in-
cludmg. leukaemia, at low doses of radiation requires
a consideration of possible mechanisms of carcino-
genesis.P14¢-188 In the present stage of our knowledge,
notlpng can, however, be said about the mechanism of
radiation carcinog is without indulging in specula-
tion. Various hypotheses may be formulated to account
for the induction of tumours by radiation. Somatic (gene
or chromosome) mutation, the action of latent viruses,
dlt_ferentiation anomalies, are among the possible mech-
anisms through which radiation coufd give rise to malig-
nancies. To show how different hypotheses might lead
to different dose-effect relationships at low doses while
giving similar responses at higher doses, two hypo-
t!'netxcall mechanisms of induction of tumours by radia-
tion will be discussed. These have no particular merit in
themselves but are described for their simplicity and
because they point out the possible fallacies involved in
apg{ymg to low doses dose-effect relationships observed
at higher doses.

39. If radiation induced tumours through somatic
mutation, it would be reasonable to expect proportion-
ality between doses and corresponding incidence of
tumours down to the lowest doses (no threshold). It is
further conceivable that the number of tumours per unit
dose may be less than anticipated at low doses, if the
mutated cells are too few to develop into a tumour. But
it is also conceivable that with such a mechanism low
doses might give a higher incidence of tumours per unit
dose, since higher doses might kill the majority of mu-
tated cells. Alternatively, it could be assumed that irra-
diation first involves general tissue damage and that the
tumour only arises in the secondary stage of tissue re-
pair. Again, there is the possibility that the production
of tumour cells is due to somatic gene mutation, arising
indirectly as a result of the increased proliferation that
accompanies the repair process. There might thus be a
critical level of radiation below which the damage would
be too limited to stimulate, during the repair stage, pro-
liferation of such an extent as to give an opportunity for
the occurrence of a mutation.

LENS opPACITYD 108-007

40. Exposure of the optic lens to radiation may be
followed by lens opacities. Normally, doses greater than
500 rad of X-rays are required to produce clinically
significant cataract, but lens opacities have been reported
after as low as 200 rad of mixed ma and neutron
irradiation. In most cases, lens opacities developed after
a latent period which showed little relation to dose and
duration of treatment. Radiation-induced lens opacities
are slowly progressive for a long time, but they may
Fremain stationary at any stage, or regress. For chronic
irradiation, neutrons seem to be much more cataracto-
genic than X- or gamma rays.

INDUCTION OF STERILITYD %s-018

41. The effects of irradiation on gonadal tissue are
now fairly well known both in experimental animals—
mice, dogs and monkeys—and in man. In all species, the
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effects are basically similar but differences are observed,
due to the differences in the transformations that germ
cells undergo during maturation in different species.

42. Gonadal doses causing sterility are similar for
both sexes. Single local doses around 150 rad may induce
brief lowering of fertility, doses around 250 rad induce
temporary sterility for one or two years; at about 500
rad permanent sterility is obtained in many individuals
and prolonged temporary sterility in others. At 800 rad
recovery of fertility is extremely unlikely.

43. The data on which these estimates were made are
rather limited. They are confirmed by observations on
individuals exposed to radiation from atom bomb ex-
plosions in Japan and from certain radiation accidents.
These observations show that whole-body irradiation in
the range between 400 and 600 rad does not have a
permanent effect on fertility.

LONGEVXTYD 133-140, 232239

44 Animals having survived substantial or nearly
lethal doses of radiation have an average lifetime shorter
than controls, the life-shortening depending on the kind
and amount of tissue irradiated (for partial body ex-
posure) as well as on the dose. Under continuous irradi-
ation at dose-rates as high as 0.5 rad per day, no differ-
ence in life-span between irradiated and control animals
is, however, detectable with experiments of the size used
so far.

45. Irradiated animals develop some of the diseases
prevalent in their species earlier than non-irradiated ones
and deteriorate sooner, showing physiological and histo-
pathological changes suggestive of early senescence. The
radiation-induced shortening of life-span is conditioned
by several factors. Some species are more likely to show
the effects than others; within a species, strains with
different genetic constitutions have their life-span de-
creased in various amounts.

46. Tt is not yet clear how much of the reduction in
longevity is due to an increased incidence of radiation-
induced diseases and how much is accounted for by
premature aging. The difficulty arises both from the lack
of rigorous definitions of senescence and its progress,
and from the necessity of observing animals for the
duration of their lives.

47. Information on life-shortening effects in man is
still inadequate. Mortality rates of United States radiol-
ogists are slightly higher than in the general male popu-
lation, but the difference is not supported by the analysis
of mortality of British radiologists. These differences
may be due to different radiological practices. The sur-
vivors of Hiroshima and Nagasaki have so far shown no
detectable shortening of the life-span, but it may be that
not enough time has elapsed since the exposure as com-
pared to the normal human lifetime.

48. Attempts to assess the risk of life-shortening by
low doses in man meet the same difficulties and necessi-
tate the same considerations as those entailed in the
assessment of possible carcinogenic effects from low
doses. The problem of extrapolation of animal life-
shortening data to man is difficult because of the lack of
data on life-shortening for large animals with life-spans
intermediate between man and rodents. Life-shorten-
ing in man as a consequence of short-term irradiation of
the whole body at doses higher than 200 rad would not
be surprising, but the effects of long-term, low-level
irradiation on the human life-span cannot be predicted.

EFFECTS ON EMBRYOS AND FOETUSESD 11939t

49. The effects of radiation on embryonic tissues are
especially important because even a minor irreversible
injury in an embryo may be amplified in the course of
development and thus give rise to major anomalies. Sus-
ceptibility of embryonic tissue to radiation is high but
probably not higher than that of actively dividing adult
tissues. When mouse embryos are irradiated at a dose
as low as 25 rad, 40 per cent of the embryos are killed.
Irradiation of experimental animals may, at a later stage,
be followed by the development of malformations. Simi-
lar observations have been reported in man; the most
frequent defects involve the central nervous system, the
eye and the skeleton.

50. The possibility of inducing somatic effects in
foetuses at doses within the ranges of X-ray pelvic ex-
aminations (several rad) is shown by the recent obser-
vation of an increased incidence of anomalous distribu-
tion of pigment in the iris of children which had been
irradiated in utero during such examinations of the
mothers. This harmless anomaly may perhaps be attrib-
uted to a somatic mutation—either genic or chromo-
somal—occurring early in the embryonic development.

Conclusions

51. Since 1958, no new data have emerged which
would warrant substantial modification of the views
expressed in the last report. The new data have not
disproved the assumed proportionality between dose and
effect that was used for estimating risks at low doses,
but they have in fact made it apparent that such a rela-
tionship may not hold at doses lower than those which
have Leen investigated. It is also now more fully realized
that somatic effects are less likely to occur at low dose-
rates than at the high dose-rates employed in many
experiments.

52. Short of obtaining adequate data on the fre-
quency at low doses of such deleterious effects of radia-
tion as leukaemia and other malignancies—and this will
involve extensive human surveys and animal experi-
ments—the use of any relationship to predict effects at
low doses will, in fact, imply assumptions on the mech-
anisms through which specific radiation injuries are
brought about.

53. In the present state of our knowledge, any such
assumption would be largely speculative. The only jus-
tifications for applying to low doses relationships ob-
served at higher doses, therefore assuming that there is
no threshold for the induction of malignancies, are the
expediency of the procedure and the consistency of the
assumptions regarding mechanisms in both dose ranges.
We do not know, however, whether in so doing the risk
is underrated or overrated.

54. Although more information is required before
firm conclusions can be drawn, there is evidence indi-
cating that embryos are more susceptible to radiation
injuries than adults and that even low doses may induce
both developmental disorders and malignant changes in
embryos. Further studies on the effects of radiation on
foetuses exposed in utero are therefore crucial.

55. Search should be intensified for carcinogenic
agents in the environment besides radiation. To assess
the importance of radiation in carcinogenesis, radiation
hazard must be placed in the perspective of agents that
are understood at least as well as radiation.
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56. Laborious though it may be to make observations
on the effects of low c?oscs on large human populations,
such observations will be invaluable in complementing
and confirming extensive animal expcriments. Any
large-scale investigation, however, especially in man,
requires accurate planning to ensure that there is a
reasonable likelihood of obtaining meaningful results.

Both clinical, and vital and health statistical studies of
sufficiently large populations living in areas of different
radiation background, of the survivors of Hiroshima
and Nagasaki, of persons receiving radiation for medical
purposes and of occupationally exposed persons require
continued support and prompt reporting.
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CHAPTER IV

HEREDITARY EFFECTS

1. Genes are the determinants of the inheritable char-
acteristics of organisms, and are characterized by an
inherent stability which ensures that at each duplication
two identical copies are produced. This stability is not
absolute, however, and a sudden and fortuitous change
of a gene, and therefore of the character which it deter-
mines, can occasionally occur. Such changes are called
gene mutations and their frequency is increased by a
number of chemical and physical agents. Of these, radia-
tion is one of the best known.

2. It will be recalled from chapter 11, paragraph 37,
that cells of the germ line are diploid until they undergo
reduction_during meiosis and thus become haploid
gametes. Depending on whether their diploid cells carry
identical or different genes at a given site (locus) on a
given chromosome pair, individuals are called homosy-
gotes or heterozygotes for that locus. respectively—in
other words, if A and A’ are two different genes (i.c.,
alleles) which can occupy the same locus, then AA and
A’A’ individuals are said to be homozygous, whereas
AA’ individuals are said to be heterozygous. Heterozy-
gous individuals may show the traits determined by
either gene, or an intermediate trait. The gene which
manifests itself more strongly in the heterozygote is
called dominant, the other recessive.

3. The distinction between dominant and recessive
genes is essential for an understanding of the hereditary
effects of radiation. Mutations which give rise to domi-
nant genes (dominant mutations) are expressed in the
first generation offspring of the subject in whose germ
cells the mutation has occurred. Recessive mutations, on
the other hand, can become apparent in: the offspring
only if the offspring receives the same mutation from
both parents, and this may take many generations to
occur, unless the parents have one or more common
ancestors, in which casc it is likely to happen sooner.

4. Human diploid cells have forty-six chromosomes.
Of these, twenty-two pairs (autosomes) are alike in
both sexes. Another pair consists of the sex chromo-
somes which are alike in females but different in males.
This is because all the eggs possess the same set of chro-
mosomes, one of which is known as the X-chromosome.
Sperms on the contrary are divided into two classes
according to whether they possess an X-chromosome or,
alternatively, a Y-chromosome, shorter than the X. Male
gametes are called X- or Y-sperms depending on the sex
chromosome which they carry, the two categories being
produced in approximately equal numbers. Fertilization
of an egg by an X-sperm will result in a zygote with two
X-chromosomes which will develop into a female or-
ganism. Zygotes resulting from the union of an egg with
a Y-sperm will develop into males.

S. In man and mouse, and possibly in all mammals,
the Y-chromosome seems to have the principal role in
determining sex, since it has recently been discovered
that exceptional individuals carrying only one X-chro-
mosome are predominantly female in their characteris-
tics whereas other exceptional individuals who carry two

X-chromosomes and one Y-chromosome are phenotypic
males, contrary to what is observed in the fruit fly
Drosophila melanogaster. Sex chromosomes also carry
genes determining other traits, although at least in man
no such gene is known beyond question to be carried by
the Y-chromosome. On the other hand, some thirty loci
have been identified in the X-chromosome, where spe-
cific mutations determine grossly harmful traits.

6. Characters controlled by genes located on a sex-
chromosome are said to be sex-linked. The fact that
femnales carry two X-chromosomes whereas males have
only one accounts for the special mode of inheritance of
sex-linked characters. Well-known examples are haemo-
philia and colour blindness.

Natural m ion fr i

. |

7. Mutations are said to occur naturally or spontane-
ously when their production results from conditions
usually not under the direct control of man.? The fact
that mutations are rare events makes any estimation of
their frequency of occurrence difficult and uncertain.
Under ideal conditions dominant mutations would lend
themselves to reasonablv accurate estimations, since it
would be sufficient to count the affected individuals born
of unaffected parents.©® In practice, however, diagnos-
tic difficulties and those of ruling out morbid conditions
simulating a given hereditary trait may cast doubt on
the reliahility of the estimates. The situation is even
more difficult with recessive gene mutations when most
of the genes are hidden (carried by but not manifest)
in heterozygotes. Indirect methods when used rest on
assumptions which are often not easy to verify.%¢° The
average frequency of occurrence of gene mutations per
locus per generalion—the mutation rate—may differ
from one strain to another and within each species the
mutation rate at individual loci also varies.®*®

8. Various methods are available and have been used
to estimate the frequency of occurrence of mutations
affecting specific traits.®**-* The similarity of their re-
sults makes it reasonable to assume that the average
mutation rate in main is about 1/100,000 per locus per
generation. This frequency, however, may not be rep-
resentative of all the mutations arising in man, but only
of those which have been detected.

9. The causes of natural mutations are largely un-
known. Various environmental factors, both chemical
and physical, including natural radiation, might be re-
sponsible for their occurrence, but very little is known
about their relative importance. It has been shown, how-
ever, that natural radiation cannot account for more
than a small fraction of natural mutations in man.

Radiation-induced gene mutations

10. When the germ cells of an organism are exposed
to radiation, mutations may arise which can be trans-



80 NUCLEAR TESTS

mitted to the offspring and their descendants. It is not
possible, however, to say whether a given mutation oc-
curring in an irradiated individual has been induced
by radiation or has occurred spontaneously. The over-
all frequency of mmntations is always increased by irra-
diation, and their relative frequency at different loci
may not be the same for those of spontaneous and in-
duced origin .01

11. Changes in frequency depend on such considera-
tions as the stage of germ cells irradiated, the dose of
radiation absorbed by the germ cells and the rate of
delivery of the dose of radiation. However, for any
single locus increases in frequencies are small, even
with the highest doses possible in experimental animals.
The study of radiation-induced mutations therefore
necessitates the use of large numbers of animals ob-
served over many generations. In man not only is ex-
periment seldom possible but the intervals between
generations are long.

13. Knowledge of the nature of the relationship be-
tween dose and mutation frequency is of crucial im-
portance to understand the effect of radiation on
hereditary material. From experiments on mature germ
cells of animals, especially spermatozoa of Drosophila
melanogaster, it appears that when they are exposed to
radiation the mutation frequency is directly propor-
tional to, and depends alone on, the total dose absorbed
by the gonads.%** These results formed the basis of
the assumptions on which the conclusions of the first
comprehensive report rested. The proportionality fac-
tor was expressed in terms of doubling dose—namely
the dose of radiation that is required to double the
natural mutation frequency in a species.

13. Recent studies, while confirming that the assump-
tions were correct with regard to spermatozoa, have
shown that the dose-effect relationship is more complex
for other cellular stages in the germ-line. The new evi-
dence ‘comes mainly from observations on irradiated
mice,°* but has also been confirmed in other animal
material.c%

14. It appears from these observations that when
immature germ cells (spermatogonia in males and
oGcytes in females) are irradiated, the results are not
inconsistent with the hypothesis of proportionality be-
tween dose and mutation frequency observed with irra-
diated spermatozoa in Drosophila. The proportionality
factor, however—and therefore the doubling dose—
varies both with the stage of the irradiated germ cells
and with the rate of delivery of radiation. The same
total dose induces fewer mutations when it is given at
low dose-rate than at high dose-rate.

15. The effects of irradiation on spermatogonia and
odcytes are particularly important under conditions of
continuous exposure at low dose-rates such as those de-
livered by sources to which human populations are
exposed (e.g., natural sources and fall-out from nuclear
explosions). The spermatogonia continue to multiply
during the whole reproductive life, some of them giving
rise, through meiosis, to mature sperms. Otcytes, de-
rived from odgonia in the course of embryonic life,
remain in a particular stage of the meiotic process until
just before ovulation. Sperms and ova survive only for
a few weeks if they do not take part in fertilization. It
is therefore apparent that, under continuous exposure,
the total dose accumulated in sperms and ova is much
lower than the total dose accumulated until the end of
the reproductive life by both spermatogonia and odcytes.

16. The mechanisms responsible for the dependence
of the mutation rate on the dose-rate have not been
elucidated. It has been suggested, however, that at low
dose-rates part of the damage caused by radiation to
the genetic material can undergo a process of repair.%"
At higher dose-rates, the mechanisms leading to repair
could be impaired or inhibited, thus making the expo-
sure more effective in inducing mutations.

17. The evidence for the existence of repair processes
has been considerably strengthened by recent investiga-
tions.C*-22 These have shown that in lower organisms
and in Drosophila a finite period of time elapses before
radiation damage to the genetic material becomes irre-
versible. Treatment with various agents interfering with
the metabolism of the irradiated cells during that period
can prevent the fixation of at least part of the pre-
mutational damage.

18. It should be stressed, however, that none of the
cxperiments carried out so far leaves any doubt as to
the effcctiveness of radiation in producing hereditary
damage even at the lowest doses and dose-rates which
have been investigated. At the time of the 1958 report,
few experiments had been performed in the low ranges
of doses and dosc-rates. gincc then, gencticists have
consistently found both in mammals and other animals
that the frequency of mutations is affected by radiation
thro;ghout the range of doses and dose-rates investi-
gated.

Chromosomal aberrations

19. Like gene mutations, chromosomal aberrations
may occur in cells either spontaneously or as a conse-
quence of the action of the same agents which induce
mutations. Whereas gene mutations may be considered
as changes of the genes themselves, chromosomal aber-
rations may consist of duplications or deletions of part
of, or of whole, chromosomes, transfer or exchange
(translocations) of segments of chromosomes ar even
inversions of the sequence of genes along one or more
chromosomes. Addition or loss of a whole chromosome
usually arises through unequal distribution of the chro-
mosomes during division.

20. Although chromosome aberrations have been
known for a long time to occur spontanenusly both in
plant and in animal cells, very little attention was paid
to them in the first report since no hereditary defects in
man had yet been traced to chromosome aberrations.
Progress in cytology and in the culture of human tissue
cells€%7-1° has since. made it possible to establish the
normal human karyotype (chromosome number and
form) and to detect abnormalities.

21. In 1959, some of the most important discoveries
were made in human cytogenetics, which showed that
Down’s syndrome (mongolism), Turner's syndrome
and Klinefelter’s syndrome (both of which involve al-
terations of the sex characters) are due to chromosome
aberrations. In Down's syndrome, one supernumerary
autosomal chromosome is observed.®® In Turner’s
syndrome, the individual is an abnormal female who
carries only a single sex chromosome, the X-chromo-
some ;%2 and in Klinefelter’s syndrome the subject, an
abnormal male, carries two X-chromosomes and one
Y-chromosome.©#

22. The mode of inheritance of chromosomal aber-
rations in man is not essentially different from that of
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dominant gene mutations.®*"-® Many of the chromo-
somal aberrations so far observed in man have been
accompanied by complete sterility, which precludes
transmission of the anomaly. However, individuals
with Down’s syndrome can be fertile and some with
Turner's syndrome have had offspring. Furthermore,
such aherrations as translocations are transmitted and
can lead to the occurrence of abnormalities in the
progeny of apparently normal and fertile individuals.0%

Frequency of chromosomal sberrations

23. Since 1956 technical advances have been made
which permit a much more accurate study of human
chromosomes. A< yet, however, relatively few estimates
of the over-all frequency of anomalies are available.
Since, however, Down's and Klinefelter’s syndromes
are each known to have a frequency of about 1,/500
at birth, it is considered as not unicasonable to estinnate
that 1/100 of all live-born children carry some chromo-
somal aberration ¢ *®

Radiation-induced chr 1 aberrations

24. Aberrations involving deletions or duplications
of whole chromosomes occur spontaneously and have
also been observed as a consequence of irradiation in
Drosophila and mice. In the mause, it has been shown
that the frequency of chromosome loss, and the mecha-
nisin through which it occurs—namely, chromosome
breakage or unequal distribution of chromosomes dur-
ing division—are markedly dependent on the irradiated
cell stage Giot-tn

25, When the anomalies concern sections of chromo-
somes only, the prerequisite for their occurrence is one
or move breaks in one or more chromosomes. It has
been shown that the frequency of detectable single
breaks is proportional to the dose. \s with gene muta-
tions, thar frequency is always rather low and here the
possibility of restitution through rejoining of the free
extrenmutics of the broken chromasomes is well estab-
lished. Furthermore, in order that complex chromo-
somal aberrations inay be obtained—translocations, for
instance-—two chrumosome breaks are required simul-
tancously and the probability that this occurs is much
lower. In any case 1t leads us to expect a lack of simple
proportionality between frequency and dose.®*®

26. Some chromosome anomalics, unlike mutations,
are often microscopically visible, and can be studied in
the laboratory even on human material. By irradiating
human and other cells grown in cell and tissue cultures,
the effects of radiation on chromosoines as well as the
dose-effect relationship can be studied.€''*-17 Dose-
effect relationships for the occurrence of chromosomal
anomalies as derived from study of somatic cells in vitro
cannot at present be applied to germinal tissues in tivo.

27. Studies on in titro production of chromosome
anomalies are of great value in showing differences in
sensitivity of different animal species to radiation-
induced chromosomal damage. Preliminary resuits on
mammalian cells, including human cells, have been ob-
tained, but these do not yet make it possible to decide
how human cells compare in this respect with cells from
other species.

Effect of mutation in animal populations

28. When a new mutation is transmitted for a few
generations, according to the laws governing heredity
and in the absence of other factors which will be dis-
cussed later, there will be present in the population a
fraction A of individuals homozygous for the mutant
gene, a fraction B which is heterozygous for it and a
fraction C which does not carry the gene. Depending
on the dominance of the mutant gene, fractions A and
B, or only fraction A, will show the character for which
the gene is responsible.

29. When the mutant gene is incompatible with the
survival of the individual there are several possible out-
comes. If the gene is completely lethal, even in the
heterozygotes B, then the condition wilt not be trans-
mitted, because all who reccive it will die. If it 1s not
completely lethal in heterozygotes, then occasionally it
will be transmitted through one or more generations.
A good cxample is retinoblastoma, a dominant gene-
determined tumour of the eye, which is usually fatal
in childhood. Somctimes the tumour retrogresses, how-
cver, or may be removed by surgical treatiment, thus
allowing the individual to grow up and transmit the
gene. Dominant mutations less severe in their cffects
may be transmitted through more goaerations, e.g. those
determining dystrophia myotonica or acholuric jaundice.

30. When the mutant lethal gene is completely re-
cessive, heterozygotes can live and reproduce, whereas
homozygotes only are climinated. The gene will there-
fore not be eliminated at once but will be maintained for
a period of time in the population and its eventual climi-
nition will be completed after a very large number of
generations, unless the same mutation is continually pro-
duced, <o that the frequency of the gene in the popula-
tion will reach an equithrium value determined by the
mutation frequency. Many severe traits in man are
caused by genes which fit the above description. Good
examples arc phenylketonuria and galactosaemia; both
are disorders of metabolism which determine mental
deficiencies and are usually lethal in the above-mentioned
sen<e.

31. Rccessive lethal mutations seem to he less fre-
quent than mutations which only reduce the average
number of the progeny of homozygous individuals by
reducing their fertility or the probability of mating, or
by making them more vulnerable to a given environ-
ment. In such cases the climination of the mutants pro-
ceeds at an even slower pace. Various other situatioms
may also arise when mutant genes are not completely
recessive and heterozygotes show a certain degree of
disadvantage as compared to individuals who do not
carry the gene.

32. Some mutant genes cannot he appraised in abso-
lute terms unless referred to a given environment. In
man, a mutant gene is known which in the homozy-
gote gives rise to a serious blood disease, sickle-cell
anaemia.%** Most of the homozygotes die in the first
decade of their life and very few reach the third decade,
whereas heterozygotes, although clinically recognizable,
live a normal life and show no impairment of fertility.
With such a severe elimination of homozygotes it would,
at first thought, seem necessary to assume that the trait
is maintained in human populations by an unprecedent-
edly high frequency of mutation. It has, however, been
observed that the mutant gene is present mainly in areas
where the incidence of malaria is very high and there
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is evidence that heterozygous individuals are more re-
sistant to malaria than individuals which do not carry
the gene. The loss of homozygotes may thus be more
than compensated for by the increased survival, and
therefore the more numerous progeny, of heterozygotes
as compared to the normal population living in malarial
areas.

Magnitude of the hereditary damage

33. Any estimate of the magnitude of the hereditary
damage, as measured by the total number of harmful
genes present in the germ cells of a population over one
generation, must necessarily rest on the observation of
the actual occurrence of hereditary defects and discases.
The possibility of estimating this amount in quantitative
terms is hampered by our lack of precise knowledge
about many harmful traits. It is admitted that genetic
factors play an important role in the causation of these
traits, but the extent to which they do so is unknown.
The discovery of chromosomal aberrations in man en-
ables us to give a more accurate picture of the total
hereditary damage than was possible in the last report,
since a whole new category of diseases can now be
ascribed to known hereditary mechanisms.

34. 1t is convenient, if crude and oversimplified, to
distinguish between visible damage and recessive
(hidden) damage. The former is estimated to affect
about 6 per cent of all live-born infants.%*%-3 One per
cent are afflicted by known chromosomal aberrations,
1 per cent by defects due to known dominant or sex-
linked genes, 1.5 per cent are destined to suffer later
from serious mental or constitutional hereditary diseases
and the rest have malformations which, although due
to environmental factors, may also have some genetic
component in their causation. A certain but unknown
fraction of miscarriages and still births,%* as well as
of total or partial sterility in both sexes is also probably
due to dominant mutants or to chromosomal aberra-
tions.

35. The recessive damage cannot be estimated di-
rectly, although an indirect method is available which
has a very broad scope as it can be applied to very
diverse situations and estimate even the recessive damage
accounting for foetal deaths and sterility.€*-4! ]ts poten-
tialities have not yet been fully exploited owing mainly
to lack of adequate data. The method is based on the
principle that spouses who are related are more likely
to be heterozygous for the same mutant gene than un-
related spouses. A greater fraction of recessive homozy-
gous offspring, and thus of defects due to homozygosity,
is therefore expected among consanguineous marriages
than among the others and the size of that fraction is
expected to be larger, the more closely related the spouses
are.

36. The relationship between the degree of consan-
inity and the frequency of traits due to recessive genes
18, in fact, a very simple one. By comparing for instance
the differential mortality at a certain age between un-
related and variously related individuals of the same
lation, it is possible to estimate the average num-

r of variously harmful recessive genes per individual
which, if present in homozygous conditions, would
each, on the average, cause one death at the age which
has been investigated. These indirectly observed genes
(lethal e;;uivalents) need not be 100 per cent lethal.
Indeed, if two such genes each caused 50 per cent letha-

lity when homozygous, they would achieve the same
cumulative lethality as one single completely lethal gene.

37. The use of such an indirect method requires that
accurate records of consanguinity and detailed data re-
garding fertility, morbidity and mortality of both con-
sanguineous and non-consanguineous marriages should
be available. The difficulty of securing that kind of in-
formation explains why the indirect method has not yet
been extensively used. From the results obtained so far,
however, it appears that each individual carries on the
average from 2 to 4 lethal equivalents,%¢! the estimates
being based on mortality before thirty years, including
miscarriages and still births. The number of cquiva-
lents responsible for major malformations and heredi-
tary diseases is not known with any certainty and those
responsible for sterility have not so far been studied.

38. It should be pointed out that the visible damage,
as estimated from its nbservable expression, and the
recessive damage, as evaluated through the indirect
approach, do not lend themselves to straightforward
comparisons.®° On the one hand their magnitude is
assessed through radically different methods, each
affected by different sources of error; on the other
hand they are expressed on different scales, the visible
damage in terms of actual hardship, the recessive one
in terms of potentially harmful factors.

39. Furthermore, as most of the manifestations of
the visible damage are accompanied by either a total or
severe reduction of fertility, the largest part of this
damage is confined to the generation being investigated
and only for minor detrimental characters can it be car-
ried for a certain number of generations. The recessive
damage, on the contrary, is spread over an unpredictable
and always very large number of generations and the
frequency of its manifestations largely depends on the
frequency of consanguincous marriages.

Mutation and hereditary damage

40. Gene and chromosomal mutations obviously con-
tribute to the hereditary damage, and it is important to
know what fraction of these mutations occurred in im-
mediately preceding generations. Dominant lethal traits
are certainly duc to new mutations having arisen in the
germ cells of the parents of the affected individuals,
since these mutations cannot be transmitted for more
than one generation. The same is true for discases such
as Down’s and Klinefelter's syndromes where the
affected individuals are almost invariably infertile.0™

41. The role of mutation in maintaining the recessive
damage in human populations is difficult to evaluate be-
cause completely recessive genes are detectable in homo-
zygous individuals only. Moreover, when recessiveness
is not complete, the heterozygous condition may result
in reduced fertility and this adds further complexities
to the problem of estimating mutation rates.04‘-4¢ The
same is true of those cases in which the heterozygous
condition for a lethal or quasi-lethal recessive gene re-
sults, at least in some environments, in an increased
fertility.©4’-5* Data on the extent to which recessive
heterozygotes are selected for or against are generally
lacking.

42. Tf most recessive heterozygotes were favoured in
their present environment to such an extent as to over-
come the continual loss of genes due to the elimination
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of homozygotes from the population, then the role of
mutation in the maintenance of the hereditary damage
would be much less important.

43. The present consensus of opinion among geneti-
cists is that most of the recessive damage is supported
by mutation, but it should be stressed that such a view
is still largely speculative.®*

Effect of irradiation on quantitative characters

44. Many hereditary characters can only be expressed
in terms of measurements and are distributed more or
less symmetrically around a mean.®**1-'** Examples are
height, weight, birth weight and intelligence as meas-
ured by scores in intelligence tests. The effects of an
increase of mutation rates on this type of character were
considered rather fully in the 1958 report and there is
no new information which would alter the conclusions.

45. One of the quantitative characters—viability—is
known to be adversely affected by most mutations, so
that an increase of mutation rates can be expected to
give rise to a substantial reduction of viability even if
the mutations produced are not responsible for visible
harmful traits. It has in fact been shown in mice that
the offspring of irradiated parents have a higher mor-
tality than control animals during the early part of life.
This effect on the viability of the offspring could be
attributed to the over-all effect of many mutations and
perhaps also to chromosomal changes, each with a small
effect. It is difficult, however, to express this hereditary
damage in terms that can be compared with other types
of radiation-induced hereditary damage. It is hoped that
much more work will be done to investigate its nature
and extent, as it might prove the most important damage
affecting the first generations of descendants of irradi-
ated individuals.

Assessment of hereditary effects of
radiation on man

DIRECT EVIDENCE OF DAMAGE FROM RADIATION

46. Since 1958 very little new information has been
added to our knowledge regarding hereditary effects
induced by radiation in exposed human population.

47. The largest group now available is still repre-
sented by the descendants of those exposed to radiation
in Hiroshima and Nagasaki. The survey made in 1956
revealed no detectable effect on the frequency of prena-
tal or neonatal deaths nor on the frequency of malfor-
mations.©111-13 It should be stressed again, however,
that this does not mean that no visible hereditary effects
were produced by the irradiation. The number of ex-
posed parents and the dosage received by them was such
that we should not have expected a detectable increase
in the offspring of the exposed population.

48. A significant change in the ratio between males
and females (sex ratio) among children born of irradi-
ated parents in Hiroshima and Nagasaki has been re-
ported.9*® Other more limited and not strictly com-
parable surveys on the offspring of parents exposed to
radiation for medical reasons also show changes of the
sex ratio. Shifts in the sex ratio are expected on the basis
of simple genetic theory which predicts a lowering in
the frequency of males born of irradiated mothers and

a lowering in the frequency of females born of irradi-
ated fathers. Such an expectation, however, has not been
borne out by investigations on the offspring of irradi-
ated mice,%* and a detailed analysis of the human ob-
servations has revealed inconsistencies in the sex-ratio
changes that cannot at present be explained.

49. The addition to the recessive damage occasioned
by radiation has not been studied because recessive genes
tend to appear among the offspring of consanguineous
marriages. Since marriages between individuals more
closely related than first cousins are not practised in most
societies, at least three generations must elapse before
any child is born to parents who have a common irradi-
ated ancestor.

OTHER CONSIDERATIONS

50. The scantiness of data on the hereditary effects
of radiation in man does not preclude the possibility of
assessing a part of the expected hereditary damage. For
that purpose, the results of experimental studies on
other species need to be applied to man. This requires
careful biological judgement and is justificd only for
observations obtained in species for which it is known
that the mechanisms of induction, transmission and
manifestation of the effects considered are similar to
those in man.

51. The possibility of inducing mutations in all the
organisms that have been investigated, from bacteria
to mice, makes it beyond doubt that radiation can cause
the same types of damage in man. It is also reasonably
certain that in man, as in other species, the overwhelm-
ing majority of newly arising mutations have detri-
mental consequences and that, if beneficial mutations
arise at all, the frequency of their occurrence is so low
as to be unlikely to offset the burden occasioned by the
harmful ones.

52. In all organisms investigated, the frequency of
induced hereditary changes has proved to be dose-
dependent even at the lowest doses investigated and
there is no reason to believe that this is not so in man.®**
Animal species differ from each other, however, in their
sensitivity to the mutagenic action of radiation.'® As
far as the induction of chromosome anomalies is con-
cerned, some observations of wide variations in sensi-
tivity even between closely related species of rodents
and between these and one species of monkey limit the
possibility of straightforward quantitative extrapola-
tion to man.

53. The effect of the dose-rate has so far been found
in the mouse, in Drosophila and in silkworm,©%-% these
species being sufficiently different to allow us to assume
that other mammals, and in particular man, may show
an analogous pattern of response. The quantitative pic-
ture may, however, differ in different species to an un-
known extent if, as has been assumed, the dose-rate
effect is accounted for by the intervention of metaboli-
cally conditioned recovery processes.C%!

54, Anincreased exposure to radiation therefore adds
to the hereditary damage affecting mankind. Of such
additiona! damage, a fraction will become manifest dur-
ing, and will be confined to, the first few generations
following the exposure; another fraction, and perhaps
the main one, will become apparent at a later stage in 2
less conspicuous way but will be sustained by mankind
for an unpredictably large number of generations.'*
It should be noted that some of the harm to human popu-
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lations both from spontaneous and induced mutations
may be spread over more generations because socio-
medical care may relax sclection against individuals
with certain traits,

Conclusions

55. Any increase in the amount of ionizing radiation
to which human populations are exposed is expected to
bring about a proportional increase in the frequency of
mutation. This expectation is based on the fact that ioniz-
ing radiation is known to induce mutations in experi-
mental animals at all doses and dose-rates so far investi-
gated. Experimental observations, however, are available
only at single doses not lower than 5 rad®* and direct
information on the dose-mutation relationship in man
is presently lacking.

. 56. Much progress has been made in the field of radia-
tion genctics during the last four years. Recent investi-
gations have added to the information used in assessing
the genetic hazards of ionizing radiations to human
populations; they have also focused attention on the
specific areas most in need of further research. It is
now known that the frequency of radiation-induced
mutation is not dependent solely on the accumulated
dose but is also dependent on rate of delivery. Further-
more, factors such as sex and germ-cell stage are im-
portant influencing factors. Nevertheless, under some
defined conditions it is possible to calculate a doubling
dose for gene mutations in human populations. Calcula-
tions in the 1958 report, based on many considerations,
including a lower limit estimated from the data from
Hiroshima and Nagasaki, suggested that the representa-
tive doubling dose for man might well lie between 10
and 100 rad, with 30 rad as the most probable value.
Recent information from mouse experiments now sug-
gests that for acute irradiation, the probable combined
value for both sexes is somewhat lower than 30 rad but
not less than 15 rad.©*** For chronic irradiation the most
probable value is 100 rad or possibly higher. No better
figures are available for estimates of doubling dose for
gene mutation in man. A permanent doubling of the
mutation rate would ultimately double the prevalence
of those serious defects determined by unconditionally

harmful genes which are estimated to affect about 1 per
cent of those born alive.9*¢-1" Present knowledge of dos-
age effects on the induction of chromosome anomalies
1s too scanty to predict a doubling dose.%*** There are
indications that monkey chromosomes and hence per-
haps those of other primates are more radio-sensitive
than those of mice. The Committee is of the opinion
that ionizing radiation would increase the prevalence of
developmental congenital malformations'f“'" and of
serious constitutional disorders,%**-** but no quantita-
tive estimates can now be made.

57. Accurate and reliable estimates can only be ob-
tained through further progress in both experimental
and human genetics. Some fields of investigation will re-
quire particular encouragement and support, as those
that are most likely to pruvide answers to the questions
arising from exposure to radiation. Studies of the role
of rcpair mechanisms in radiation-induced mutational
processes, and of factors which may influence mutation
frequencies, may help us understand better how radia-
tion delivered at different rates induces mutations with
varying effectivencss. Rigorous in witro and in wiro
methods of comparing susceptibilities to radiation of
various species will provide a sounder basis for apply-
ing to man experimental results obtained in other species.

58. Careful, protracted study should be continued on
those groups of individuals that are or have been ex-
posed to higher doses of radiation, such as irradiated
persons in Hiroshima and Nagasaki, populations living
in areas where natural irradiation is high and individuals
irradiated for medical reasons. Appropriate methods
should be devised to extract from these studies all the
relevant information on radiation-induced damage to
the hereditary material that they are likely to yield.

. 59. An understanding of the hereditary effects of
ionizing radiation cannot be obtained without a thorough
knowledge of the factors which affect the maintenance
of hereditary traits in the population—principal among
them the pressures of mutation and selection and the
genetic structure of the population. To ascertain the
respective role of these factors, accurately planned and
continued large-scale investigation on human popula-
tions living in different environmental, sociai and cul-
tural conditions should be undertaken or pursued.
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CHAPTER VII

EVALUATIONS AND CONCLUSIONS

1. In presenting its first comprehensive report to the
General Assembly in 1958 the Committee emphasized
that the conclusions of that report, as with any scientific
assessment, must be subject to revision in the light of
advancing knowledge. Since then, considerable progress
has been made in the field of study of the Committee, so
that much more information is now available and our
understanding of the effects of radiation is much in-
creased. Although this makes it possible in many
instances to give a clearcr account of radiation exposure
and effects, the complexities of the subject that have
been revealed by recent investigations have neccssitated
a qualification of some previous statements.

2. Earlier chapters of the present report outline the
present status of our knowledge of radiation exposures
and effects and provide the basis for an assessment of
the significance of these exposures. The annexes contain
detailed information on which this outline is based. The
present chapter gives the conclusions arrived at in the
report. The Committee wishes, however, to emphasize
that the report should be regarded as a whole and that
individual sentences or assessments may be misleading
if taken out of their appropriate context.

3. The review and the evaluations made by the Com-
mittce are in no way final and will undoubtedly require
continuing revision as scientific knowledge advances and
new data become available, the present lack of which still
limits our understanding of some problems.

4. The Committee hopes that this report, by pointing
out subjects which require more investigation and
sometimes a fresh approach, will stimulate research and
discussion that will result in an improved understanding
of the effects of ionizing radiation on man and his
environment.

5. The main questions which the Committec has again
attempted to answer are:

(@) What are the levels of radiation to which man is
exposed from various external and internal sources
(including those arising from radio-active contamina-
tion of the environment as a result of nuclear tests) and
how is this exposure distributed in time, in different
geographical areas and within different parts of his
body ? It has been important to specify in particular what
doses and dose-rates of radiation from various sources
are received by the gonads (testes and ovaries), in view
of their genetic importance, and by those cells in which
malignant change may be induced by radiation, such as
the blood-forming cells of the bone marrow and those
lining bone surfaces.

(b) What are the effects produced by radiation, both
on the irradiated individuals and on their offspring, par-
ticularly at those levels to which populations are cur-
rently exposed?

Levels of radiation

6. The frequency with which harmful effects are
caused by each form of exposure depends essentially

upon the radiation dose received by human tissues from
each source. A simple comparison of doses does not,
however, indicate the likely frequencies of harmful
effects if these doses have been delivered at widely dif-
ferent dose-rates. The following paragraphs discuss the
sources of radiation to which man is exposed and the
doses incurred.

RADIATION FROM NATURAL SOURCES

7. The estimation of the radiation exposure from
natural sources has considerable importance, particu-
larly because part of the normal occurrence of hereditary,
and perhaps some malignant, diseases may be due to
natural radiations. Moreover, as man has always been
exposed to such radiation, the dosc received from natu-
ral sources forms a useful basis of reference with which
the doscs received from other sources may be compared.

8. Natural sources of radiation include cosmic rays
and those radio-nuclides which occur naturally in the
environment. The radiation that man receives from these
sources is described either as “external” when it reaches
the body from the exterior, as from cosmic rays or by
gamma radiation from radio-nuclides in the carth’s crust
or atmosphere, or “internal” when it is derived from
naturally occurring radio-nuclides which have become
incorporated into the human body.

9. Investigations carried out during recent years have
enabled us to achieve greater precision in estimating the
radiation dose to which the world population is exposed
from natural sources. In particular, the contribution to
this dose from the neutron component of cosmic rays,
which had been disregarded in the first comprehensive
report, can now be taken into account despite uncertain-
ties inherent in its evaluation. The inclusion of this con-
tribution explains why the present estimates of doses
from natural sources are higher than those given in the
previous report. Accurate estimates of the doses from
potassium-40 and carbon-14 have also become available.
Combining the estimated average contribution from cos-
mic rays, that from external radiation from radio-
nuclides in the environment, and that from internal
radiation from radio-nuclides within the human body,
the average ycarly dose from all natural sources is now
estimated for various tissue and is about 125 mrem to
the gonads, 120 mrem to the blood-forming cells and
130 mrem to the cells lining bone surfaces.

10. Wide geographical variation has been observed in
the dose from most natural sources of radiation, both
internal and external. The exposure from cosmic rays
varies mainly with altitude, showing an approximately
twofold increase for each thousand metres rise in alti-
tude. The external radiation from radio-active nuclides
occurring in the environment also shows geographical
variation, depending largely on the composition of un-
derlying soil and rocks. While the average dose-rate
from these sources is about 50 mrem per year in most
inhabited regions of the world, areas are known, as in
parts of the Kerala, and the adjoining, coast in India,
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where the external dose-rates may be over twenty times
as high. The exposure from internal sources also varies
geographically owing to the variable intake of radium
and of some other naturally occurring radio-nuclides.
The contribution to internal radiation from carbon-14,
tritium and potassium-40 on the other hand is fairly
constant in different places.

MEDICAL EXPOSURES

11. It is now possible to place greater reliance upon
the estimates of the dose received from medical pro-
cedures. Data from a number of countries with extensive
medical facilities and a total population of 200 million
are now available. They indicate that for diagnostic
radiology the annual genetically significant dose ranged
from 6 to 60 mrem in the particular years studied. These
countries may be considered as representative of other
areas with comparable medical practice on which ade-
quate data are not available in sufficient detail. How-
ever, only a small fraction of the world’s population is
covered and the estimates may not apply to larger areas
of the world. The upper limit of the range does not exceed
half of the dose received from natural sources, although
no simple comparison is appropriate, owing to the much
higher dose-rates at which the doses from medical pro-
cedures are delivered. A few types of examination,
which comprise a small fraction of the total examina-
tions carried out in each country, contribute about three-
quarters of the genetically significant dose. One of the
most important results of these investigations is the
evidence that this dose can be very substantially reduced
by the full use of appropriate techniques and equipment.
The genetically significant dose due to therapeutic irra-
diation ranges from 2 to 13 mrem and that from the
medical use of radio-isotopes is less than 1 mrem per
year.

12. Limited data have been obtained for bone-marrow
doses’and these are insufficient to furnish accurate esti-
mates of mean doses. They seem to confirm, however,
the tentative estimates made by the Committee in its
first comprehensive report, in which a range from 50 to
100 mrem was accepted for the yearly contribution to the
bone-marrow dose, as averaged throughout the popu-
lation, from diagnostic procedures, including fluoros-
copy. No reliable estimates of the contribution from
therapeutic irradiation is possible at the present time.

OCCUPATIONAL EXPOSURES

13. The available data obtained from five industrial-
ized countries show that at the present time the number
of workers who are directly engaged in radiation work
does not exceed eight per ten thousand in the population.
It has been observed that when proper radiation protec-
tion methods are used, the great majority of these
workers receive very low doses of radiation. From in-
formation collected in four countries, the genetically
significant dose to the general population resulting from
occupational exposures is estimated to be less than 0.5
mrem per year.

OTHER TYPES OF RADIATION EXPOSURES

14. In some countries, individual members of the
population may be exposed to various other sources of
radiation such as X-ray shoe-fitting machines, lumi-
nous dials of clocks and watches, various devices in-
corporating radio-active materials, and television sets.

Apart from those from shoe-fitting machines, the doses
delivered are unlikely to present any significant hazard
to individuals. The average exposure from any one of
them is likely to be very small, although taken together
they may make a small but significant contribution to the
total genetically significant radiation dosage of popula-
tions in some countries. World average values of the
total dose contribution to populations from these sources
are not available at the present time.

15. It is important that the exposure of populations
to radiation from such sources should be kept under
continuing review, as regards both the exposure from
each source and the aggregate exposure from them all.
The introduction of any new source involving substan-
tial exposure of individuals or of populations should be
recognized and evaluated at an early stage. An example
in the future might be the exposure of individuals to
cosmic radiation in passenger aircraft flying at high
altitudes.

ENVIRONMENTAL CONTAMINATION FROM
NUCLEAR EXPLOSIONS

16. The contamination of the environment and the
radiation exposure of human beings from any nuclear
explosion depends very much on the type and yield of
the explosion, on its altitude and geographical location,
on the construction of the device as well as on whether
radio-active products are injected into the upper or lower
atmosphere, deposited locally on the earth’s surface or
into water, or retained underground. The processes by
which radio-active material from nuclear explosions
causes radiation to human tissues are described in detail
in chapter V and in annex F.

17. Since the 1958 report of the Committee, our
understanding of the processes involved in fall-out from
the stratosphere and the lower atmosphere has been
increased considerably by information and continued in-
vestigation on these subjects and in consequence of the
three-year period during which no significant strato-
spheric injections of nuclear debris took place. The
resultant information has tended to confirm our views
as to the way in which fission products are removed
from the stratosphere and the mechanisms involved are
discussed in detail in annex F.

18. However, it has become clear that owing to
meteorological fagtors, the rate of fall-out tends to in-
crease in the spring, and that the stratospheric half-
residence time (or period in which half of any injection
is removed from the stratosphere) is often considerably
shorter than was estimated in 1958. Geographical as weil
as meteorological factors have resulted in higher deposi-
tion of fall-out in the northern temperate latitudes than
in the rest of the world.

19. In our previous report the amount of radio-active
debris present in the stratosphere (the so-called strato-
spheric reservoir) was estimated by calculation from the
observed fall-out rate and from a half-residence time
which was assumed to be as high as seven years. A high
value was assumed as a precaution against underestimat-
ing the dose to which human tissues would be subjected
from long-lived radio-nuclides. It is now known that the
amount of strontium-90 present in the stratosphere was
over-estimated in consequence. Direct measurements of
the stratospheric reservoir have now been made by
means of high-flying aircraft and balloons and the con-
tent of the reservoir in very recent years has been esti-
mated by this means.
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20. The half-residence time of strontium-90 in the
stratosphere has proved to be critically dependent on a
number of factors, including the time of year at which
the explosion takes place, the latitude, and both the
height of the explosion above the earth’s surface and the
altitude to which the fission products are carried into the
atmosphere. Debris injected in polar latitudes appear to
have a stratospheric half-residence time of between 6
and 12 months, whereas this time may be as long as 2

rs for injections in the equatorial belt. A shorter
alf-residence time for injections is important because
the resultant fall-out will contain short-lived radio-
nuclides which will somewhat increase the radiation re-
ceived by man from fall-out by adding to the exposure
due to the longer-lived radio-nuclides F11tas.c0-62

21. Much valuable information has become available
on the transfer of radio-active materials from fall-out
through the food chain, and our understanding of this
process is greatly improved. Estimates of the amount of
fall-out components, especially strontium-90, are now
available from many more areas and we also have more
information on the composition of the diet of many
populations.

22. There is now much more detailed evidence con-
cerning the importance of direct contamination of the
leaves, inflorescences and stem bases of plants in intro-
ducing fall-out material into the food chain, in addition
to that taken up by the plant from the soil. In some plants
such as cereals this effect is of particular importance
during the scason when the flowers and ears are being
formed. The new information has greatly helped our
understanding of the transfer of strontium-90 from
diets of various types to human beings, in whom it is
deposited in bone.

23. Some data have become available on the rate at
which strontium-90 may be removed in harvested crops,
and also leached or washed down through the soil and so
away from the rooting zone of plants. These data indi-
cate that the contribution to human irradiation of an
accumulated deposit of strontium-90 in soil is likely to
be halved in a shorter period than the 28 years that was
assumed for purposes of estimation in the previous
report.

24. It has been possible to obtain information on the
amount of strontium-90 taken daily in the diet in a num-
ber of different regions of the world, and on the ratio of
strontium-90 to calcium in the diets of these regions. The
ratio of strontium-90 to calcium in the whole diet usually
is higher than that in the milk, the difference being less
for diets containing a large component of milk and milk
products. When the ratio for the diet as a whole is com-
pared with the ratio in milk from the same region, it is
found that the over-all value for this type of diet is
usually about one and a half. But the value is hiézher if
plant products are important components of the diet.

25. Even for the many regions for which complete
dietary surveys are not available, therefore, it is possible
to make some estimate of the likely dietary intake of
strontium-90, provided that its concentration in milk
samples from these regions is known. However, if milk
is a minor component of diet, information on the stron-
tium-90 content of other foods also is required. The
levels of contamination of several components of diet
show wide geographical variations connected with the
different cumulative deposition of strontium-90 in the
soil and the rate of fall-out. These differences and the
characteristics of the diet in different areas combined
with the geographical variations of fall-out lead to sig-

nificant variation in the levels of contamination and in
the quantity of strontium-90 received by man in food.
The estimates made suggest that, over large areas in
which the rates of deposition are similar, differences in
the composition of the diet seldom result in more than
twofold, or in certain types of diet at most fourfold,
differences in strontium-90 intakes.

26. Our prediction of possible future concentrations
of strontium-90 in dietary constituents continues to be
based on the use of two factors, one depending on the
rate of fall-out and the other on the accumulated deposi-
tion. Better values for such factors are now established
for various food materials from survey data and from
experimental methods, so that the dependence of dietary
and hence of bone contamination on fall-out conditions
can be adequately estimated.

27. The highest contamination of human bone with
strontium-90 continues to be observed in the northern
temperate latitudes. The average human bone concentra-
tions in various parts of the world appear to be simply
related to the observed or estimated amounts of stron-
tium-90 present in the total diet, in the manner to be
expected from experimental studies. The concentration
of strontium-90 relative to calcium in new bone is about
one-quarter of that in the diet consumed while the bone
was being formed.

28. Caesium-137, unlike strontium-90, contributes to
both external and internal irradiation. Caesium-137 dif-
fers from strontium-90 also in so far as it is not fixed
in the human body but is retained there for a period of
time, which is very short compared with that in which its
activity is significantly reduced by radio-active decay.
The rate of uptake of caesium-137, and therefore its
contribution to internal contamination, depends princi-
pally on the rate of its deposition on vegetation since
caesium contained in most soils is usually very poorly
absorbed by plants, though there arc some excep-
tions.F1¥12¢ The contribution of caesium-137 to external
irradiation, however, depends on its accumulation on the
ground. There is some evidence that the contribution of
caesium-137 to external irradiation over undisturbed soil
is reduced by about 50 per cent in ten years. T/

29. Several years’ data on mean concentration of
caesium-137 directly determined in the human body are
now available and apply to a large part of the world.
Geographical variation seems to be rather small. The
concentration of this nuclide, which showed a general
upward trend from 1956 to 1959, decreased in 1960 and
1961.

30. The present report deals much more fully than
was possible at the time of the previous report with the
formation of carbon-14 in nuclear tests and its contribu-
tion to human irradiation. As a result of these tests, the
concentration of carbon-14 in the atmosphere and in
biological material had risen at the end of 1960 by 25
per cent above the concentration of the carbon-14
formed by natural processes, but the concentration of
this carbon-14 will decrease considerably in forthcoming
decades owing to the dilution of the nuclide in the oceans
if tests are discontinued. Although the irradiation of
future generations from this source will continue at a
decreasing rate for thousands of years because of the
long half-life of this nuclide, the dose-rate to human
reproductive and other tissues will be small in any one
generation.

DiSPOSAL OF RADIO-ACTIVE WASTES
31. The operation of atomic plants for the production
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of energy and isotopes and the use of the latter for med-
ical and research purposes may involve the release of
radio-active material into the atr, ground or waters, At
the present time the contribution from this source to
human radiation exposure is certainly small in com-
parison with natural radiation and is restricted to local
areas. However, with the increased utilization of atomic
energy and radio-active substances for peaceful uses,
releases into the environment are likely to become
greater than they are now, and consequently suitable
methods for safe disposal of radio-active wastes should
be maintained so as to minimize the dose of radiation
from these sources.

Effects of radiation

FUNDAMENTAL RADIO-BIOLOGY

32. The study of the effects of radiation on cellular
and subcellular structures is a necessary prerequisite to
the understanding of radiation cffects on whole or-
ganisms, in so far as the basic radiation injury occurs
at the lowest level of organization. Fundamental radio-
biology has received new impetus from the dramatic
advances made in the past few years by biochemistry and
biophysics. Our knowledge of the structure and mode of
replication of macromolecules and in particular of
nucleic acids has greatly increased, so that new insight
has been gained into the fundamental problem of how
genes act in controlling cellular structures and functions
and in ensuring that they are maintained in the products
of cell division.

33. The nature of the initial disturbances caused by
radiation at the molecular level has become better known,
as are the factors which may alter them. The changes
produced may be partly reversible, at least when studied
at the cellular or at higher levels. This may be the case
with gene mutation, which is believed to be due to a
specific change in chemically identifiable constituents of
nucleic acids.

34. The study of the relationship between dose and
effect at cellular and subcellular levels does not give any
indication of the existence of threshold doses and leads
to the conclusion that certain biological effects can follow
irradiation, however small the dose may be. When dose
effect relationships are studied at higher levels of organi-
zation, however, it is now being increasingly realized
that the situation may be much more complex, since
many factors play a part between the occurrence of the
primary event and the final manifestation of radiation
damage.

SOMATIC EFFECTS

35. During the interval since the last report, our
knowledge of the somatic effects of radiation on man
(those effects which are produced on the individuals
exposed) has increased substantially with the demon-
stration of the induction of certain transient somatic
effects by low doses of a few rad of radiation, and with
the confirmation that embryonic tissues are more sensi-
tive than many adult ones to injury by radiation. Even
low doses may induce developmental disorders or malig-
nant changes in embryos. Recent work has emphasized
the complexity of radiation effects, and the importance
of the qualifications that we made in our earlier report
with regard to the numerical estimates of the frequency
of the effects that would be caused by various doses of
radiation. The complexity of the dose effect relationships
is due largely to the fact that in different dose ranges,
different types of biological effect may be produced, and
a simple mathematical relationship is unlikely to apply.

The data that have been accumulated since 1958 have
neither proved nor disproved the assumption made in
the first report that at low doses proportionality can be
used to estimate risks.

36. The early effects of large doses of radiation in
man have become better known as a result of the close
study of people who have been accidentally or thera-
peutically irradiated. It seems likely that, for short-term
whole-body irradiation of man, the dose causing death
in 50 per cent of the exposed individuals may be about
400 rad, but possibly as high as 500 rad and as low as
300 rad. Persistent damage from radiation is apparent
after large doses approaching the lethal range. The pre-
dominant immediate changes after low doses are transi-
tory ones, although persistent effects may be produced
after a long period of time.

37. Various chemical, physical and biological treat-
ments have some value in decreasing the effects of radia-
tion exposure in animals, but no specific treatment has
been established as having practical importance in man,
except for the relief of symptoms that are induced by
therapeutic irradiation of parts of the body. Several
methods are, however, under investigation for the treat-
ment o.f acute radiation injury, or to reduce the amounts
gfdradlo—nuclides which may have been taken into the

ody.

38. Radiation exposure of animals, continued for
short or for long periods, causes a shortening of the life-
span by an amount depending upon the dose received and
the dose-rate. It is probable that a similar life-shortening
occurs in man but the evidence on this point is incon-
clusive and no estimate can be given of the amount of
any such effect.

39. Irradiation for short or long periods, either of
animals or of man, may cause neoplastic changes, of
which leukaemia appears to be the earliest to develop in
man. There is good evidence that in the range of doses
which it has been possible to explore (from 100 rad
upwards), the frequency with which leukaemia is in-
duced increases with the dose of radiation received, but
no further evidence has been obtained as to the exact
relationship between the dose and the frequency of this
response. It does appear, however, that the annual inci-
dence of lenkaemia in the Japanese survivors of radia-
tion at Hiroshima and Nagasaki, which had been rising
after the nuclear explosions in 1945, though still ele-
vated, has been decreasing since 1958. There is evidence
to suggest that the 'incidence of some other forms of
malignant discase may now have increased, but it is at
present difficult to form a reliable estimate of the extent
of any such increase.

HEREDITARY EFFECTS

40. Progress in human genetics has been very signifi-
cant since 1958. An entirely new field of study?l:sg:cfn
opened owing to recent cytogenetic findings in man. The
normal diploid. number of chromosomes for the human
species has been accepted as forty-six and certain serious
diseases occurring in one per cent of all children born
have come to be recognized as due to chromosomal
changes. A new class of possible radiation-induced dis-
eases, the importance of which was unrecognized at the
time of the first report, has thus been demonstrated. The
occurrence of chromosomal anomalies has been demon-
strated in somatic cells of irradiated individuals.

41.. The concept of mutation induction as an instan-
taneous process has been revised and evidence accumu-
lates showing that for some mutations a finite period of
time clapses between the absorption of radiation energy
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and the completion of the mutation process, during
which, depending on the physiological state of the cell,
at least partial repair of the damage may be possible. The
effectiveness of the repair mechanisms may be altered by
a variety of agents and conditions, and will also be de-
pendent on the way in which the radiation is distributed
in time.

42. The frequency of gene mutations produced by
irradiation has been shown to be proportional to the
total dose received by the germ-cells. The proportion-
ality, however, has been shown, in mice, fruit flies and
silkworms, to vary with certain factors including the
dose-rate. The dose required to induce as many muta-
tions as naturally occur, the so-called doubling dose,
therefore also changes with the dose-rate. Doubling
doses are higher for low than for high dose-rates, the
observed difference in mice being fourfold for the male
and possibly larger for the female.

43. More data, however, are needed before the pos-
sible magnitude of this effect in man can be evaluated so
as to enable us to make better comparisons between dif-
ferent conditions of irradiation. In any event the recent
findings, while confirming the validity of the concept of
doubling dose in particular circumstances for a given
dose-rate, have shown that it is not possible to estimate
with confidence a representative doubling dose for man.

44, In spite of the preceding reservations there should
be no misunderstanding about the reality of genetic
damage from radiation. Although individual mutations
vary greatly in their effect, there is no doubt that any
increase in mutation is harmful. Further, we know that
mutations accumulate in germ-cells and we have no evi-
dence from any experimental work for a threshold dose,
or rate of delivery below which mutations are not in-
duced. In fact, it has recently been shown that a single
dose as low as § r increases significantly the number of
mutations in the fruit fly. As regards man, the total dose
received by the average individual in the population is
still the most important indicator that we have of the
amount of damage induced.

45. It is likely that the great majority of gene muta-
tions induced by radiation are identical with those which
occur ‘“‘spontaneously”. There is some evidence, how-
ever, from lower organisms that radiation determines a
different proportion of certain harmful mutations than
that occurring naturally.

46. The most extensive study is still the investiga-
tion of the offspring of parents exposed to the atomic
explosions of Hiroshima and Nagasaki. The investi-
gators detected no significant increase in the frequency
of malformations or carly deaths in the children of ir-

radiated parents. Both this survey and a number of
other more limited investigations have, however, con-
sistently shown that in the progeny of irradiated
mothers there is a significant excess of females over
males. This has been attributed to the radiation-induced
(sex-linked) mutations which would reduce the num-
ber of males born of those mothers. In the progeny of
irradiated fathers a more complex situation obtains
which has not yet been fully understood.

Conclusions

47. The review that we have made of the effects of
jonizing radiation and of the present exposure of man-
kind to radiation affords a basis for general comments
concerning this source of hazard.

48. It is clearly established that exposure to radiation,
even in doses substantially lower than those producing

acute effects, may occasionally give rise to a wide variety
of harmful effects including cancer, leukaemia and in-
herited abnormalities which in some cases may not be
easily distinguishable from naturally occurring condi-
tions or identifiable as due to radiation. Because of the
available evidence that genetic damage occurs at the
lowest levels as yet experimentally tested, it is prudent
to assume that some genetic damage nay follow any
dose of radiation, however small.

49. Tt must be recognized that the human species has
in fact always been exposed to small amounts of radia-
tion from a variety of natural sources and that the
present additional average exposure of mankind from
all artificial sources is still smaller than that from nat-
ural sources.

50. At present even the wide use of radiation in medi-
cal diagnosis and treatment in countries with extensive
medical facilities does not usually involve more than
about a 50 per cent increase in the genetically significant
exposure to radiation of their populations, and there is
evidence that simple and inexpensive modifications of
techniques could reduce the figure considerably without
loss of medically important information. Advances in
nuclear science and industry are being achieved with
only slight resultant increases in the average radiation
levels to which populations are exposed, and with only
very occasional accidental over-exposure of individuals.

S1. At the same time, the exposure of mankind to
radiation from increasing numbers of artificial sources,
including the world-wide contamination of the environ-
ment with short- and long-lived radio-nuclides from
weapons tests, calls for the closest attention, particularly
because the effects of any increase in radiation exposure
may not be fully manifested for several decades in the
case of somatic disease, and for many generations in
the case of genetic damage.

52. The Committee therefore emphasizes the need
that all forms of unnecessary radiation exposure should
be minimized or avoided entirely, particularly when the
exposure of large populations is entailed ; and that every
procedure involving the peaceful uses of ionizing radia-
tion should be subject to appropriate immediate and
continuing scrutiny in order to ensure that the result-
ing exposure is kept to the minimum practicable level
and that this level is consistent with the necessity or the
value of the procedure. As there are no effective meas-
ures to prevent the occurrence of harmful effects of
global radio-active contamination from nuclear explo-
sions, the achievement of a final cessation of nuclear
tests would benefit present and future generations of
mankind.

53. The urgent need for research into many aspects
of radiation and its biological effects has been empha-
sized repeatedly in this report. Although we have ex-
tensive and increasing information about the levels of
radiation to which man is exposed from various sources
and about the types of harmful effect which may re-
sult, we still know very little about the frequency with
which such effects are likely to occur, particularly fol-
lowing small doses of radiation received at low dose-
rates. It is of the utmost importance that investigation
of this central problem should be actively pursued by
all relevant means, including not only studies of the
ways in which radiation may induce malignant and other
delayed changes in tissues but also well planned surveys
of the frequency with which such late effects occur in
human populations following any accidental, medical
or. other relevant type of exposure to radiation or in
areas of high natural radiation.
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Annex 5

EXTRACT FROM REPORT OF THE UNITED NATIONS ScCIENTIFIC COMMITTEE
ON THE EFFECTS OF ATOMIC RADIATION
(GA, OR, 19th Session, Supplement No. 14 (A/5814), 1964)

CHAPTER II

RADIO-ACTIVE CONTAMINATION OF THE ENVIRONMENT BY NUCLEAR TESTS

1. The nuclear explosions carried out between Sep-
tember 1961 and December 1962 sharply increased the
radio-active contamination of the environment and con-
sequently the doses of radiation that human populations
will receive. However, the Committee notes that after
the cessation of nuclear test explosions in the atmosphere,
in outer space and under water, and in view of the propi-
tious circumstances prevailing, further contribution from
these sources to the radio-active contamination of the
environment has ceased. Information on the amounts
of various radio-nuclides and on the rates at which they
deposit on the earth’s surface and enter the food chain
is necessary in order to compute the doses to human
tissues. Since the cessation of atmospheric tests in De-
cember 1962, the Committee has been able to collect suffi-
cient information to enable it to up-date adequately the
estimates of the resulting radiation doses.

2. Almost all of the fission products from the 1961-
1962 explosions have been introduced into the strato-
sphere, The strontium-90 from these tests increased the
stratospheric inventory at the end of 1962 by about 5
megacuries over the level in mid-1961 (A32-34) ¢

3. The rate of transfer from the stratosphere to
ground level depends upon the altitude to which the
products risc in the atmosphere and the latitude at which
the explosions occur. For example, the mean residence
time of material in the stratosphere above 100 km ex-
ceeds five years while in the lower stratosphere it is less
than one year (A16-19). Assessment of the experimental
data has led the Committee to adopt an over-all mean
residence time for the composite stratospheric fission
products of two years (A20). While this time is shorter
than that used in the 1962 report, the predicted deposi-
tion of strontium-90 and caesium-137 is not appreciably
altered by the change in the mean residence time.

4. The fall-out rate of long-lived radio-activity in
1962 was three times that for the period 1960-1961 and
during the year 1963 the fall-out exceeded that in any
previous year (A36-38). The Committee envisages that
in 1964 the fall-out rate may be some two-thirds of that
during 1963 and will continue to decrease progressively
in future years.

S. Short-lived fission products have decayed to neg-
ligible levels during 1963 so that no further dose will be
incurred from them after 1964 (A56-59).

6. Radio-active materials which have been deposited
on the surface of the earth constitute sources of both ex-
ternal and internal radiation to the population. Whereas
their contribution to the external dose depends on the

ma radiation which they emit, the magnitude of the
internal dose is determined mainly by the extent to which
different nuclides are transferred through food chains
to man.

¢ Throughout the present report, references to the are

7. Strontium-90 and caesium-137 are the most im-
portant fission products from nuclear explosions that
contaminate man's diet. The mechanisms which control
the transfer of strontium-90 through food chains into
man’s diet were discussed extensively in the 1962 report.*
Information which has been obtained since that time
does not necessitate the modification of the basis for
assessment. During 1962 dietary contamination in the
northern hemisphere was somewhat greater than in 1959,
which, up to that time, had been the year when highest
levels were observed. In 1963, dietary ievels in the north-
ern hemisphere were at least twice those in 1962 (A80).
In the southern hemisphere, dictary contamination in-
creased in 1962 and 12))63, though to a smaller extent,
and the levels remained considerably lower than those
in the northern hemisphere (AS81).

8. Recent evidence on the transfer of caesium-137
through food chains has led to an improved basis for
evaluating radiation doses from caesium-137 within the
human body (A134, 135, 178-180). It is now apparent
that doses from caesium-137 were somewhat over-esti-
mated in the 1962 report. Between 1961 and 1963, the
changes in levels of caesium-137 in diet were broadly
similar to those in levels of strontium-90 (A117).

9. It has been found that, under certain local ecologi~
cal conditions, the transfer of caesium-137 to man is
enhanced, leading to the highest body contents yet meas-
ured. Thus, in arctic regions, the levels of caesium-137
in the flesh of reindeer and caribou are high on account
of the accumulation of this nuclide in the vegetation on
which the animals graze (A118). The bady content of
caesium-137 in small groups of local inhabitants who
live almost exclusively on the meat of reindeer and cari-
bou has on occasions exceeded the world average by a
factor of more than 100 (A128). .

10. Short-lived radio-nuclides have been measured in
the environment, in food and in the human body more
consistently since the end of 1961 than during earlier
series of tests. As a consequence, doses delivered by
those nuclides are now more accurately known. lodine-
131 has received particular attention ( A136-146) because
its absorption by infants from fresh milk leads to the
irradiation of their thyroid glands. Adults receive much
lower doses owing to the larger size of their thyroid
glands, and their lower consumption of fresh milk.

1. In most areas of the temperate zone in the north-
ern hemisphere, the average dose to the thyroid glands
of children who were brought up on fresh milk was
about 0.1 rad in 1961 (A, table XXX) : similar doses
were received in 1962, whereas in 1963 the doses were
negligible (A182, 183). In the southern hemisphere,
doses were considerably lower. In 1962, the concentra-
tion of iodine-131 in milk produced in some limited areas
within a few hundred kilometres of testing grounds were

indicated by a letter immediately followed by a number. Thus
A32-34 refers to paragraphs 32 to M4 of annex A.

. Oga’al Records of the General Assembly, Seventeenth Ses-
sion, Supplement No. 16 (A/5216), chapter V, paragraphs 60-69.
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ten times higher than the average; doses to the thyroid
were correspondingly higher (A138). y
he Committee has again reviewed the problem
ofltlzl'c :ilz)scs due tocarbon-14,a ra.dio-nuchdc with a half-
life of about 5,700 years, which is formed from atmos-
pheric nitrogen both naturally, by the continuous inter-
action of cosmic rays, and artificially, by neutrons re-
Jeased from nuclear explosions. The atmospheric content
of artificial carbon-14 has been increased about (hrge-l
fold by testing in 1961-1962. By July 1963, the amﬁc:gao
carbon-14 concentration in ground level air rose to
per cent of the natural carbon-14 concentration 1n lhc.;
northern hemisphere (A, table XV). With time, amﬁcn:
carbon-14 will tend to become uniform throughout the
atmosphere and to be progressively absorbed by t ;
oceans. Thus, by the year 2000, the artificial carbon-1
concentration in the atmosphere will fall to some 3 per
cent of the natural carbon-14 concentration (A71).

13. As in its 1962 report,® the Committee has based
its evaluation of comparative risks due to past nuclear
explosions on dose commitments to the gonads, to the
cells lining bone surfaces and to the bone marrow—those
tissues whose irradiation may give rise to hereditary
defects, bone tumours and leukaemias, respectively. Th;:
dose commitment is the total dose that will be dchvcn'-e( .
as an average for the world population, to the }'elevant
tissues during the complete decay of radm-n_cmedmgt_c—
rial introduced into the environment. Doses included in

® A/5216, chapter V1.
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the dose commitments may be delivered over a very long
period of time. The dose commitments due to all tests
before January 1963 are summarized in table I

14. In the present report dose commitments are ex-
pressed in rads.” For radiations resulting from nuclear
explosions, rads, as used here, and rems, as deﬁngd in
the 1962 report,® are numerically equivalent. In this re-
port, doses from natural radiation also are expressed in
rads and therefore are numerically slightly smaller than
in the 1962 report where they were expressed in rems.
They are 99, 96 and 95 millirads per year to gonads, cells
lining bone surfaces and bone marrow, respectively.

15. Comparative risk estimates can be made by refer-
ence to doses from natural sources of radiation. One
inherent difficulty in such comparisons arises from the
arbitrary period over which the natural radiation dose
must be integrated. In principle, several alternatives are
possible:

(1) The dose commitment could be compared with the
natural radiation dose delivered over 2 period o
time equal to that over which a substantial part o’
the dose commitment is delivered. This comparisor
could be misleading in the sernse that exposure
from future nuclear tests might overlap this period

"7 The rad is the unit of absorbed dose; A/S216, chapter 11

raph 23.
pa:a:»’sglb, chapter 11, paragraph 26; the rem has recently bee
given’ a unew defnition hy the International Cummission o

Radiological Units and Measurements.

TabLe I. DOSE COMMITMENTS FRON NUCLFAR EXPLOSIONS *

Dose commuiments (rrod)

f[/"u’;:::’ For perind
1954- 10641 of tesiimg
tevitmares 19841962 .
from 1062 inew Pam:’:’k
Trssue Sowrce of radiation report) estimales) of gunme:
) 3
Gonads External, short-lived®......... 11 glo ll:s
Cs'?. e 16 170
Internal, Cs'® 8 ;;. P
76
21 163
Cells lining bone % 1o
surfaces " ot
13 179
20+ 187
0.30 176
257
21 163
Bone marrow » 1
87 174
13 179
13+ 187
015 176
TotaL 75 163

* In the 1962 report, these doses were reported in mrems. As explained in paragraph 191 of

annex A, the doses in the present report are
» The dose commitments from short-live:

lated on a slightly different basis in t
the 1962 report. .

*For (' it scems to be appropriate
the year 2000, at which time the doses
livered in full. The total dose commi
lining bone surfaces and

1l given in mrads.
:j ngu‘cvlides and from internal Cs'"" have been calcu-
his report (paragraphs 162, 178 of annex A) as compared to

include only the dose which is accumulated up to
l:grrllnthe olherynuclides will have essentially been de-
tments from CY from tests up to 1960 {or the gonads, cells
bone marrow are 48, 80 and 48 mrads, respectively. For all tests up to

re 180, 200 and 180 mrads, respectively.

the end of 1962, the dose commiiments from C'¢ are 18
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(2) As in the 1962 report,® a comparison could also be
made with the natural radiation dose delivered dur-
ing the period of testing, with the justification that
it is the commitment incurred during this period
which is relevant, irrespective of the radiation
source. However, the latter comparison may also be
considered unsatisfactory because the period is not
easy to define.
A direct comparison between dose commitments
(millirads) and annual dose rates from natural
radiation (millirad/year) is hardly justified.
(4) An alternative approach that was also used in the
1962 report™ and is followed here is to express the
® A /5216, chapter VI,
10 A/5216, chapter V1, paragraph 17.

(3

~
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dose commitments in terms of the period of time
during which natural radiation would have to be
doubled to give a dose increase equal to the dose
commitment.

16. For all tests carried out before January 1963
these periods amount to approximately 9 months for the
gonads, 32 months for cells lining bone surfaces and 20
months for the bone marrow. These periods are not
directly comparable with the periods given in the 1962
report because they only take into account that part of
the dose commitment from carbon-14 which is delivered
before the year a.p. 2000. In addition, the periods given
'1"9(‘,';': 1362 re;])oré related to tests during the years 1954-

and involved an assumption of testi i
the yaar 1061 p esting practice for

B

o e o 3,

REQUEST 93

CHAPTER 1II

RADIATION CARCINOGENESIS IN MAN

1. Among the major problems discussed in the 1958
and 1962 reports was that of obtaining estimates of abso-
lute risk of induction of a number of cffects by irradia-
tion at doses and dose rates such as those delivered by
natural sources and by fall-out from nuclear testing. In
the 1958 report, the estimates of absolute risks that were
presented in terms of expected frequencies of given
effects per unit dose were tentative and largely hypo-
thetical, and in many cases involved hardly justifiable
assumptions in applying the observed results of high
doses and dose rates to low doses and dose rates and to
different conditions of exposure. For these reasons, in
the 1962 report the Committee confined itself to estimat-
ing comparative risks. Having again reviewed the avail-
able information relating radiation to cancer induction
in man, the Committee sees no possibility of changing
this procedure at the present time.

2. Data published since 1962 have, however, led the
Committee to believe that it is possible, for a few tissues
only and mainly in the high dose range, to make estimates
of risk (B20)'* (expressed for example as number of
cases per year per rad per million exposed individuals)
that are valid within the observed range of doses and the
given conditions of irradiation. Furthermore, and espe-
cially when the doses studied lie within the range over
which the frequency of the effect increases rapidly with
rising dose, it is unlikely that the risk per unit dose at
very low doses will be any greater than that at high doses
and it is likely to be much less. Thus, the estimated risk
per unit dose will in most cases represent an upper limit
for effects at very low doses (B18, 19).

3. New possibilities of analysing the increased inci-
dence of leukaemias as a function of dose among the <ur-
vivors of the explosions at Hiroshima and Nagasaki have
been offered by a study of a sample of survivors who
had been divided in groups according to the estimated
doses that they had received. The estimate was made ac-
cording to distance from the hypocentre and extent of
shielding from radiation  R25-301. The accuracy of the
dose estimates is difficult to assess, as they might well
be affected by some systematic error, in particular that
due to our himuted knowledge of the relative importance
of neutrons and gamma ravs delivered during the ex-
plosions. The estimates of the doses are, however, almost
certainly not in error by a factor greater than two or
three.

4. Taking the dose estimates at face value, the average
yearly incidence of radiation-induced leukaemia. as deter-
mined over a period of nine years, from 1930 to 1958,
shows approximate proportionality with the dose in the
range from about 100 rads to 900 rads. The rate of
increase with dose is between 1 and 2 cases per year per
rad per million exposed individuals (B30). It is not
known for how long a period of time the increased inci-

11 Throughout the present report, references to the annexes
are indicated by a letter immediately followed by a number. Thus
B20 refers to paragraph 20 of annex B.

dence of leukaemia among survivors will last. There is
some indication that the excess has been slightly sub-
siding during the 1960’s.

5. This estimate of absolute risk can only be applied
with caution to the population at large. The surviving
population has been heavily selected by the lethal effect
of the irradiation itself so that the survivors may not
necessarily be representative of the irradiated popula-
tion with respect to sensitivity to radiation carcino-
genesis.

6. The estimate obtained from the A-bomb survivors
is consistent with that determined, between 300 and 1,500
rads, from a completely different survey of subjects
irradiated therapeutically for ankylosing spondylitis
(B40-55). In this survey doses were fractionated and
are known with greater accuracy, but the number of
cases of leukaemia that were observed is very small. Be-
sides, there is no way of knowing to what extent the
disease itself for which the patients had been treated,
or other means of therapy to which they had been ex-
posed, might have been responsible for the increased in-
cidence of leukaemia. An estimate obtained from this
survey alone would therefore only apply to spondylitic
patients.

7. The 1962 report dealt briefly with data on induc-
tion of malignancies in children irradiated in utero The
data were at that time considered as controversial. More
recent reports have confirmed a higher incidence of
malignancies, including leukaemias, in children irradi-
ated in utero (diagnostic irradiation, sometimes re-
peated) (B62-73). Though precise dose estimates are
not available, there is reason to believe that the doses
were of the order of a few rads. Risk estimates based
on this assumption suggest that the risk of leukaemia
per unit dose might be several times higher in children
irradiated in utero than in adults (B72). These surveys
have provided the important suggestion that under cer-
tain conditions low radiation doses, of the order of a
few rads, can induce malignancy. As in the case of
ankylosing spondylitis, there is the possibility that the
sample of irradiated children may not be representative
of the whole population of children (B73).

& The 1962 report also discussed data from the Hiro-
shima tumour registry on the relationship b.tween dis
tance from the hypocentre and over-all incidence of
tumours. Further data from the Hiroshima and also
from the Nagasaki tumour registry have now been re-
viewed by the Committee. While these data still indicate
a diminishing incidence with distance from the hypo-
centre, this relationship is now less clear-cut than that
derived from earlier reports and does not lend itself to
quantitative analysis. Another recent study among Japa-
nese survivors, based on a restricted but more precisely
defined population sample, though showing the increased
mortality from leukaemia, gave no clear evidence that
radiation affected mortality from any other cause of
deathbetween § and 14 years after the irradiation, though
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there was some indication of an increased incidence of
other malignancies (B175-180).

9. The Committee has reviewed recent surveys on the
induction of thyroid carcinoma as a result of irradiation
of the thyroid region for therapeutic purposes during
childhood (B105-119). The irradiation was often frac-
tionated. As in all instances of therapeutic irradiation,
it is not possible to distinguish between the effect of the
irradiation and the effect of the conditions for which
radiation was administered. The accuracy of the esti-
mates of doses of radiation to the thyroid is not high,
but is sufficient to allow some conclusions to be drawn
about the relationship between dose and incidence of
thyroid carcinoma.

10. As in the case of leukacmia, the incidence of
thyroid cancer shows approximate proportionality in a
range of doses between 100 and 300 rads, and leads to a
risk estimate of about one case per year per rad per mil-
lion exposed individuals, averaged over a period of ap-
proximal;:‘y sixteen years following irradiation (13117).
The period of risk may, however, be somewhat longer.
Higher incidence of thyroid tumours has also been re-
ported 3"‘0'}15 adult survivors of atomic explosions
(B90-100). The incidence is rclated to distance from
the hypocentre but information is not adequate to provide
quantitative assessments of risk.

11. The Committee has reviewed evidence bearing on
risk estimates for certain other malignancies; namely,
bone tumours in persons contaminated with radium
(B130-145), liver tumours in persons who had received
thorium compounds for diagnostic purposes ( B146-151),
skin cancer from external irradiation (B126-129), and
lung tumours in miners exposed to radio-active dusts
(B152-174). Inadequacies of sampling and dosimetry,
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longer latent periods and possibly lower likelihood of
induction, make unreliable the quantitative assessments
based on the information now available, However, the
Committee considers that for some tumours, besides
leukaemias and thyroid tumours, it might be possible in
time to collect enough information to make additional
estimates of risk practicable, and that investigations
aimed at recording significant quantitative relationships
between doses and observed incidence of any specific
malignancy in man should be strongly encouraged and
supported.

12. It is not to be expected, however, that such esti-
mates will become available for all, or even for many,
types of human tissue. The only data suitable for deter-
mination of over-all risks of radiation-induced malig-
nancy are those derived from whole hody exposure with
substantial doses, as in Hiroshima and Nagasaki. The
continuation of the latter studics is therefore of great
importance. 1t is still too soon after the cxposure of
these populations for all possible malignancies to have
developed, but present data suggest that leukaemia may
well be the predominant type of malignancy produced
and that the over-all risk of all malignancies is unhkely
to excecd by any large factor that given above for leu-
kaemia (13179, 180).

13. It is important that no opportunity should be lost
of exploring the possibilities for undertaking significant
studies in exposed human population groups and of pur-
suing such studies when sound cpidemiological tech-
niques can be applied. On the other hand, the usefulness
of such data in estimating the effccts of very low doses
must depend on progress in our understanding of the
fundamental mechanisms of carcinogenesis, the mode
of action of radiation, and its interaction with other
carcinogenic agents in the environment.
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Annex 6

EXTRACT FROM REPORT OF THE UNITED NATIONS SCIENTIFIC COMMITTEE
ON THE ErrecTs or ATOMIC RADIATION
(GA, OR, 21st Session, Supplement No. 14 (A/6314), 1966)

Chapter 1I
ENVIRONMENTAL RADIATION

Radiation from natural sources

1. The interest of the Committee in radiation from
natural sources arises from the fact that living beings
have been exposed to it for a very long time at a rela-
tively constant rate. Because of this constancy of the
average dose rate from natural radiation to which
human populations have been exposed, these dose rates
are used by the Committee as a standard against which
population doses from other sources are compared for
the purpose of risk estimation. It is of importance.
therefore, that the estimates of dose rates from natural
radiation should be kept under review.

2. Natural radiation owes its origin to interactions
of primary cosmic rays from outer space with the
atmosphere, and to the radio-active decay of naturally-
occurring radio-isotopes.

CoSMIC RAYS

3. The interactions of primary cosmic rays with
the atmosphere give rise to secondary rays which con-
tribute about one-third of the external natural radia-
tion reaching the human body. Higher contributions
from both primary and secondary cosmic rays apply
at very high altitudes: the resulting dose rates have
been studied in connexion with the planning of super-
sonic transport and of space flights, but they will not
be considered in the present report.

4. The major advances in the study of cosmic rays
as contributors to the natural radiation to which man
is exposed have been made with regard to their neutron
component. Recent data on cosmic-ray neutron flux
densities show that the dose-rate estimate of about two
miliirads per year to the world population made in the
1962 report needs revision. The Committee now he-
lieves the dose rate due to neutrons at sea level to lie
between 0.3 and 1.1 millirads per year. This range
reflects the uncertainties involved in measurements and
the variation of neutron flux densities with latitude.

5. No change is called for in the estimate of the
dose rates due to the other (so-called ionizing) com-
ponents of cosmic rays—28 millirads per yegr—th;(
was accepted in the 1962 report. As was mentioned m
that report, dose rates approximately double every
1.300-metre increase in altitude for the first few
kilometres.

6. It must be mentioned that neutron doses are
more effective than doses of ionizing. radlqtlon in brmg-
ing about biological effects. To obtain estimates of risk
from cosmic-ray neutrons, allowance must be made for
their relative hiological effectiveness. However, the
necessary weirhting factors applying to neutrons as
compared to the other components are not known at
low donse rates, although they are frequently assumed
to have a value of ten. Even with such a high weighting
factor, the contribution from neutrons would still be
small compared to the total dose rate from natural

sources.

RADIATION FROM THE EARTH'S CRUST

7. Terrestrial radio-activity contributes both to natu-
ral radiation reaching the human body from outside,
owing to the emission of penetrating gamma radiation,
and to that arising internally from radio-active nuclides
which decay within the organism with the emission of
alpha, beta or gamma rays.

EXTERNAL IRRADIATION

8. The Committee has reviewed the dose rates from
naturally-occurring external radiation and considers
that there is no reason to change its view as expressed
in the 1962 report, namely that, subject to wide geo-
graphical variations, the average external dose rate from
naturally-occurring radio-active nuclides to which the
world population is exposed is about 50 millirads per
year, allowing for the fraction of time spent indoors
and outdoors.

9. In some areas, however, the soil and the under-
lying rocks contain abnormally high amounts of radio-
active material. In some high radiotion areas where
sizable populations live, external dose rates up to twenty
times higher than average have been reported.

INTERNAL IRRADIATION

10. Radio-active material in soil may cither be ab-
sorbed by plants or leached into water, and so may enter
the human food chain and eventually be ingested by
man. Radon, a radio-active gas resulting from the
radio-active disintegration of nuclides of the uranium
and thorium series, escapes from soils and rocks into the
atmosphere, and can thus be inhaled together with its
radio-active daughters.

11. The major natural sources of internal radiation
are potassium-40, which delivers relatively uniform
dose rates to the whole body, and members of the
uranium and thorium series which predominantly
irradiate the bone and bone marrow. Carbon-14 and
rubidium-87 are among other nuclides which deliver
much smaller dose rates.

12. The estimates of dose rates to gonads and to bone
and blood-forming cells from internally deposited radio-
nuclides, expressed in millirads per year, are essentially
the same as in the 1962 report. In that report, however,
dose rates were expressed in different units to take into
account the higher efficiency of alpha particles in pro-
ducing biological effects when compared to gamma rays.
As in the case of cosmic-ray neutrons, it seems more
appropriate to express dose rates in millirads per year,
since allowing for the relative biological effectiveness
of alpha particles would require information that is
not available now and would therefore involve largely
arbitrary assumptions.

13. The Committee has re-evaluated the dose rates
from naturally-occurring radio-active material to the
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lung tissues. Such material reaches the lungs mainly
through inhalation of the daughter products of radon.
These daughter products are inhaled in particulate form
and therefore tend to be deposited on the walls of
alveoli and bronchi and to remain there long enough
for significant doses to be delivered. The dose rates to
the cells lining these cavities seem to be of the order
of some hundreds of millirads per year, although no
exact figure can, at present, be given. These are the
highest tissue dose rates received from natural radia-
tion. Any biological significance that these dose rates
may have, however, is still unknown.

DOSE-RATE ESTIMATES

14. Dose rates from natural radiation are sum-
marized in table 1. They have been computed for the
gonads, irradiation of which gives rise to genetic effects,
for cells lining the inner surface of bone from which
bone tumours may arise, and for blood-forming cells,
the irradiation of which may result in leukaemias. The
average dose rate in the whole body is taken as equal
to that to the gonads.

15. The figures in the table must be considered as
average dose rates received by the world population.
It has not been possible to assess accurately the vari-
ability of the dose rates received by different popula-
tion groups. Those limited populations, however, which
live in subarctic regions and consume large amounts
of caribou and reindeer meat or of fresh-water fish may
receive somewhat higher doses to blood-forming cells
and to cells lining the internal surface of bone. Simi-
larly, populations living in the high-radiation areas of
Brazil and India receive higher dose rates of external
radiation from the soil.

Radiation from man-made sources

16. Nuclear tests are the main source of present
wérld-wide radio-active contamination of the environ-
ment. Low activity wastes released from facilities using
nuclear technologies for industrial, medical and research
purposes contribute a negligible fraction of the doses
received by human populations from artificial sources,
though their significance may increase in the futurc
as a consequence of the increased use of nuclear energy
in human activity. Accidents at nuclear establishments
have been only of local importance.

17. The unplanned re-entry into the atmosphere in
April 1964 of a spacecraft carrying a power source
containing plutonium-238 resulted in the dispersion of
this radio-active material. This material is slowly
descending towards the ground and has now been de-
tected in surface air at some sampling stations in the
southern hemisphere. It is expected that the aver-
age amounts of plutonium from this source that may
be inhaled in the coming years will remain exceed-
ingly small, and will give rise to negligible radiation
exposures.

18. The atmospheric tests that were carried out in
central Asia in 1964 and 1965, and those underground
tests from which leakage of radio-active material into
the atmosphere has taken place, have not contributed
significantly to world-wide mean doses. A further
atmospheric test took place in May 1966; although no
detailed evaluation is yet possible, it appears that the
quantity of fission products released was very small
compared with the total quantity produced by all pre-
vious tests.

19. Results of measurements of radio-activity in the
stratosphere, which constitutes the main reservoir of
radio-active debris still available for world-wide depo-
sition, and estimates of the total amount of artificial
radio-activity so far deposited over the surface of the
globe lead to estimates of current and expected con-
tamination of land areas which are the same as, or only
slightly lower than, those made by the Committee in
its 1964 report.

20. Increasing but conflicting evidence indicates that
higher amounts of radio-active debris fall into the
oceans than were assumed in the past. However, this
does not influence greatly the prediction of future
land deposition, since only relatively small amounts of
radio-active material still remain in the stratosphere.
The estimate of sea deposition relative to land deposi-
tion is, in fact, mainly of interest for predictions of
the fate of material located in the stratosphere. The
somewhat higher radio-activity deposition over the
oceans does not affect the estimates of doses due to in-
take of seafood, since the previous estimates were based
upon direct measurements of radio-activity in food.

21. The Committee has reviewed the current infor-
mation on body contents of strontium-90 and caesium-
137 in the world population and on dietary levels of
these radio-active nuclides, and has concluded that no
change in the method of calculation of dose commit-
ments from strontium-90 appears warranted at this
time. There are, of course, still considerable uncertain-
ties in the numerical factors used in the calculation of
dose commitments,

22. New evidence indicates that the factors used to
calculate the long-term contamination of diets by stron-
tium-90 contained in the soil are probably too high and
hence the dose commitments from strontium-90 listed
in table II may be over-estimates. The numerical fac-
tors used in the calculation of the internal dose com-
mitments from caesium-137 have been somewhat in-
creased taking into account new information. As a
consequence, these dose commitments are slightly
higher than those given in the 1964 report.

23. With regard to external doses from artificial
radio-activity deposited on to the ground, the Com-
mittee has modified its methods of calculating the ex-
ternal dose commitment from gamma emitters. There
is no significant change in the numerical values ob-
tained, but the new methods follow the actual processes
more closely.

24. Estimates of the average dose commitments
already received and to be received by the world popu-
lation by the year 2000 from all tests carried out to
the end of 1965 are summarized in table II. These
estimates differ little from those made in 1964. The
fraction of the total dose commitment which is at-
tributable to external sources ranges from about two-
thirds for gonads to one-fifth for cells lining bone
surfaces.

25. Appreciable variations of dose are found in dif-
ferent parts of the world. A particular situation is that
prevailing in the arctic and subarctic regions of Alaska
(United States), Canada, the Scandinavian countries
and the Soviet Union, where sizable populations con-
sume large amounts of caribou and reindeer meat. As
these animals graze over land areas and feed on lichens
that derive their nutrients mainly from atmospheric
dusts, their meat contains high concentrations of radio-
active nuclides, particularly caesium-137. As mentioned
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i aph 15, a similar food chain mechanism ex-
";aii:\asmt%:tpﬁ:ese same populations are also exposed to
igher levels of internal natural radiation.

Conclusions

he Committee has re-evaluated the contribu-
tioiés' toTth: exposure of human populations from natural
radiation (annex A) and from radio-active contami-
nation of the environment by past nuclear weapon telsts
(annex B). Estimates of comparative risks hadvc also
been reviewed. Comparative risks are expressed, as in
the 1964 report, in terms of the periods of time d:émg
which natural radiation would have to be doubled to

give a dose increase equal to the total doses cxpcfcu}-
by the year 2000 from the current contamination o t
environment due to past nuclear weapon tests.

. These periods do not differ appreciably fro:
th§s7c g:cn inpe(hc 1964 report. Present estimates ai'
approximately three-quarters of a year for the gorr{m(
two and a half years for the cells lining bone su’r}alct
and one year and 2 half for the bone marrow. The
values present a certain degree of approximation 5;\'!'
they are based on assumptions and measurements whic
may not be entirely representative of the whole wor
situation. They are more likely to be over- rather th:

under-estimates.

SOURCES
Tapig [. DOSEZ RATES DUE TO EXTERNAL AND INTEANAL IRRADIATION FROM NATURAL
IN “NORMAL” AREAS

Dese rates (mrod/y)

Paragrephs
ini B "
Sonrce of srvadiation Gomads M‘;’f":ul::al:ro:‘ uu::w annes A
External irradialion
Cosmic rays "
lonizing component 28 287 257 -
Neutrons 0.7 0. 50. o
Terrestrial radiation (including air) 50 50
Internal irvadigtion
Keo 20 15 15 136
Rbe7? o [ 03 <03 <03 136
W o , 07 16 16 136
X 226 D — 0.6 0.03 135-139
parzs o = 07 003 135-139
l;:‘“’ . 0.3 21 0.3 135139
135-139
Rn222 (dissolved in tissues) 03 _0_3 E
Torar® 100 99 %
Percentages from al‘p‘h‘a'p-rticlé am? 3 “ "

neutrons

i ) Iculated for the Haversian canals
& The dose rates under this heading were actually calt t X ] n canals
of bone. Doses to cells lining bone surfaces may be somewhat lower than those quoted here.

b Totals have been rounded off to two significant figures.

Tase 11. DoOSE COMMITMENTS FROM NUCLEAR EXPLOSIONS
Dose unn-’;mf’uu 'I_nud) ana";nlu
period of testing
Tissue Sonrce of radiation for 1954-1965% annes B
Gonads External, short-lived 23 137
Cst87 o 25 135
Internal, Cs137 15 145
Cied 13 147
TorarLe 76
1 7
Cells lining bone surfaces External, short-lived 23 13
Cs137 25 135
Internal, Sr% 156 143
Cs137 15 145
C1ed» 147
Sr#® 03 146

ToraL* 240
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Tamz II. DOSE COMMITMENTS FROM NUCLEAR EXPLOSIONS (comiinued)

Dese commitments (mred) Poregrephs
Tisrne Source of radiation Tor bt il semme ouner B

Bone marrow External, short-lived . ..... 2 137
Cend7 25 135

Internal, Sr0 ... 78 143

(E::"’ ................... 15 145

Cles 13 147

Se® 0.15 146

Torare 150

* As in its 1962 and 1964 reports, the Committee has based its evaluation of comparative

risks due to past nuclear tests on dose commi

surfaces and to the bone marrow. The dose can:-nni:nn:n i
as 2 world population average, to the relevant tissues durin,
active matenial introduced into the environment. Som
mitments may be delivered over a very long period of time.

to the gonads, to the cells lining bon

t is the lot';l dose that will be del‘i’vercde.
8 the complete decay of radi

e of the doses included in thcy doserco::

b As in the 1964 ceport, only the doses tccumulated up to the year 2000 are given for

carbon-14; at that time, the dqcel from the oth

in full. The fotal dose c T e eranuclides will have essentially been delivered

end of 1965 is about 180 millirads.
¢ Totals have been rounded off to two significant figures,

due to carbon-14 from tests up to the
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Chapter I

THE GENETIC RISKS OF IONIZING RADIATION

1. Radiation damage to the genetic material may
take two forms: gene mutations and chromosome
anomalies. Gene mutations result in an alteration of
the elementary units of information that make up the
genetic message received by the progeny from their
parents, whereas chromosome anomalies involve the
loss, duplication or rearrangement of minor or major
parts of the same message. It will be recalled from the
1962 report that the elementary units of genetic infor-
mation are called genes and that they are linearly
arrayed along nuclear structures called chromosomes.

2. Both gene mutations and chromosome anomalies
occur for reasons usually not ascertainable in popula-
tions not unduly exposed to radiation. As in the past,
the Committee has reviewed information on both the
spontaneous incidence of genetic changes in the general
population and on the induction of those changes by
radiation. The advances in genetics and cytology made
in the last few years have made it possible for the Com-
mittee not only to review its earlier estimates of the risk
of induction of gene mutations, but also to reconsider
the risk of induction of a few chromosome anomalies.

Natural incidence of mutations in man

GENE MUTATIONS

3. Gene mutations are believed to occur at a rate
of approximately one in seven gametes (mature germ
cells) per generation in males and possibly at a lower
rate in females (C23).2 The great majority of these
continually arising mutations are harmful in various
degrees and, by failing sooner or later to be transmitted
to the following generations, are eliminated from the
population at a rate related to their harmfulness. Failure
of transmission may occur through death of the cell
carrying the mutation, through lack of fertilization, or
lack of implantation of the fertilized egg in the maternal
organism, all events that pass practically unnoticed. It
may also occur through processes involving hardship,
such as miscarriages or peri-natal mortality, as well as
reduction of fertility associated with physical or mental
defects of all shades of severity. There is no way to tell
at present whether the elimination of mutants occurs
predominantly through events of limited social con-
sequence or by processes associated with major
sufferings.

4. It is, however, possible to estimate the frequency
of those mutations that give rise to various severe and
well-known disabilities and which, being dominant,
become manifest in the generation immediately follow-
ing the one in which they have arisen. The total rate
of mutations responsible for these disabilities appears
to be between one and two mutations per 10/
gametes per generation (C9). Therefore, of all the

3 Throughout this chapter, references to paragraphs of annex
C are indicated by the letter C followed by the correspond
number,

spontaneous mutations, only one in 1,000 is a dominant
mutation associated with a clearly identified hereditary
disability recognizable at birth. Many more, not neces-
sarily dominant, mutations are probably associated with
disabilities less easily identifiable as genetic in origin.

CHROMOSOME ANOMALIES

5. Chromosome anomalies consist of changes in the
number or in the structure of chromosomes. Two cate-
gories of chromosomes are recognized—autosomes and
sex-chromosomes. With the exception of mature gern.
cells, human cells contain twenty-two pairs of auto
somes and cne pair of sex-chromosomes. The tw«
members of each of the twenty-two autosomal pairs
are morphologically identical regardless of the sex of
the subject to which the cell belongs; the sex-chromo-
somes in each pair, on the other hand, are identical in
females but not in males,

6. The first anomaly that was described in mar
involved the presence of a specific extra autosome. Thi-
anomaly is associated with a severe clinical conditior
called Down’s syndrome (mongolism). Other extra
chromosomes were described subsequently. Thest
anomalies have always been associated with grave dis
abilities. The frequency of children with extra auto
somes is about two per 1,000 live-born children (C42}

7. Changes in the number of sex-chromosomes, in
cluding loss of a chromosome, are also known. The
syndromes associated with these changes are detecte:
in about three per 1,000 live-born children (C51)
Though less severe in their effects than extra auto
somes, changes in the number of sex-chromosomes ar¢
responsible for serious clinical syndromes and art
usually associated with sterility.

8. Alterations of structure and numbers of chromo
somes appear to occur with equal frequency, but smal
structural rearrangements probably escape detectiot
because they may affect the individual only slightly
and may be difficult to recognize cytologically. Tw:
types of structural rearrangements can be easily de
tected in man—translocations and deletions. Both auto
somes and sex-chromosomes can be affected.

9. Translocations consist of exchanges of fragment:
between non-identical chromosomes. One survey gave
a frequency of translocations of five per 1,000 adult:
(C46). When the whole of the chromosomal material i:
present in the cell, even though arranged in a different
order as a consequence of a translocation, the anomaly
is called balanced, and the individual that carries it it
usually normal. During the reshuffling of the chromo
somes that takes place in the course of the maturation
of germ cells, unbalanced translocations, characterized
by deficiency or excess of chomosome material, may
arise. Individuals with unbalanced translocations may
live, but only with severe handicaps.

10. Deletions are losses of part of a chromosome
Those that have been identified are associated with
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severe syndromes. Their total frequency in the popula-
tion cannot yet be estimated. One type of deletion
appears to occur with frequency of at least two per
10,000 live-born children (C45).

SUMMARY

11. Between 2 and 3 per cent of all live-born chil-
dren are affected by one of the disabilities mentioned
in paragraph 4 or by detectable chromosome anomalies.
In addition, about 4 per cent of all pregnancies ter-
minate in miscarriage associated with a chromosome
anomaly (CS53). Genetic changes occurring naturally
must also be responsible for a number of other detri-
mental consequences, but, in the present state of our
knowledge, we are unable to identify them as heing
genetic in origin, and their frequency is therefore dif-
ficult to estimate.

Risk of induction of genetic changes by radiation

12._ Gene mutations can be induced by ionizing radia-
tion. This has been shown experimentally in so many
animal and plant species that there is no reason to
doult that they can he induced in man. On the other
hand, chromosome changes have been proved to arise
following irradiation in human somatic cells. The great
majority of the radiation-induced genetic changes are
harmful, but the damage that they entail extends over
a wide range of severity. Some changes have scarcely
noticeable consequences: others may be incompatible
with reproduction or survival.

13. Clear evidence of genetic damage in the offspring
of irradiated human subjects is, however, meagre. The
only effect that has been reported is a change of the
sex-ratio in the offspring of irradiated individuals. Such
an effect, though probably genetic in origin, is difficult
to interpret, and the observations are of little use in
predicting other genetic consequences of radiation
damage.

14. There is no alternative therefore to using results
dhtained with experimental animals in estimating rates
of induction in man. The limitations of such a procedure
are obvious when it is realized that animal species
differ from each other in their susceptibility to the in-
duction of genetic changes by radiation and that there
is no evidence indicating whether the genetic material of
man is more or less sensitive to radiation than that of
other animal species. The only mammal which has been
studied in some detail with respect to radiation genetics
is the mouse. Results of mouse experiments must there-
fore form the main lnasis for the assessment of genetic
risks in man.

15. Most of the experimental data were obtained
with immature germ cells, which are also the cells that
accumulate most of the genetic damage induced in
germ cells. The estimates given in paragraphs 16-23
apply to acute single doses of x or gamma rays. For
each of them it will be indicated whether the numerical
values refer to mature germ cells (gametes) or to im-
mature ones.

RISK OF GENE MUTATIONS

16. The over-all risk of induction of gene mutations,
as based on rates of induction in the mouse at acute
high doses, is estimated by the Committee to be two
mutations per 1,000 male gametes per rad (C256).
As discussed later, the rate of induction of mutations
is much less when radiation is delivered at a lower dose
rate. It may be recalled from chapter II that man re-

ceives from natural sources about one-tenth of a rad
per year to the gonads or about three rads in a repro-
ductive lifetime.

17, Induced mutations are similar in nature to those
discussed in paragraph 3. Generally harmful, they are
climinated from the population at a rate depending upon
their harmfulness, but we are unable at present to de-
termine to what extent the elimination takes place
through practically unnoticed events rather than
through events that involve individual or collective
hardship.

18. It would be desirable to know the risk of induc-
tion of that part of the total induced damage that is
expressed through those disabilities which are easily
detected and are known to occur spontaneously with a
measurable frequency in human populations (paragraph
4). 'I"o obtain such an estimate it is necessary to make
certain assumptions. Depending on the assumptions
made, the resulting estimates differ by several orders
of magnitude (C264). Observations in mice show that
a number of serious skeletal abnormalities can be in-
duced in the offspring of animals irradiated at high
doses. The yield of abnormalities is not known at low
doses, but the observations may in the future give a
clue to a more precise estimation of risks of induction
of dominant traits in man.

19, The particular importance of dominant muta-
tions lies in the fact that, once induced, they become
apparent in the offspring of the irradiated individuals,
and each of these mutations will persist for a number
of generations depending on the detriment to which it
gives rise. It must be emphasized, however, that this
category of induced mutations represents only part of
the total damage due to induced gene mutations and
that the elimination of perhaps a large fraction of the
rest may also involve considerable hardship.

RISK OF CHROMOSOME ANOMALIES

20. Data on the induction of chromosome anomalies
in mice are scantier than on the induction of gene
mutations but can be supplemented by data obtained
from the irradiation of human somatic cells grown out-
side the organism. The limitations of this latter ma-
terial as a basis for estimating rates of induction in
man arise from the fact that the anomalies induced in
these cells may not be transmitted at cell division in
the same wav as if they had been induced in immature
germ cells within the body.

21. Loss of a sex-chromosome can be induced in the
mouse at-a rate of one to four losses for 100,000 im-
mature male germ cells per rad (C278). In man, loss
of a sex-chromosome is known to be one of the most
frequent among the chromosome anomalies that are
associated with spontaneous miscarriages. There is no
way to assess at present the rate of induction of extra
sex-chromosomes or autosomes. Preliminary informa-
tion indicating an increased incidence of Down's syn-
drome in the offspring of irradiated individuals needs
to be confirmed.

22, Estimates of rates of induction of transloca-
tions in man can be obtained on the basis of experi-
ments both with mice and with human somatic cells
grown in vitro. The rise of the frequency of translnca-
tions is not expected to be proportional to the do:~
but to depertd on it in a complicated manner that dec.
not permit a simple expression of risks. It may, how-
ever, be said that the rate of induction after one rad is
of the order of one translocation in every 200,000 im-
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mature male germ cells (C286). At higher doses, the
number of translocations induced is higher than would
be expected if the frequency of induction was linearly
related to the dose increase.

23. The rate of induction of those deletions that
have so far been observed to occur spontaneously in
man can be estimated on the basis of in wvitro experi-
ments on human somatic cells. The estimates, however,
depend so much on the assumptions about the me-
chanism that brings about deletions that the figures
obtained differ widely according to the particular
theory which is adopted (C293, 294).

Conclusions

24. The Committee has considered genetic effects of
radiation, with particular regard to recent data, and
has tried to derive from them information as to the
importance of genetic effects of irradiation of man.

25. A new estimate has been obtained for the spon-
taneous frequency of gene mutations over the whole
of the hereditary material of man. An estimate has
also been made of the rate of induction of gene muta-
tions per unit of radiation dose. From these it would
appear that a dose of one rad per generation would
add something like one-seventieth to the total number
of mutations arising spontaneously in a generation.
Taking into account the various uncertainties, the range
of that estimate would be very wide, but it is probably
not in disagreement with the limits set in the 1962
report of between one-tenth and one one-hundredth.
It is known that the great majority of all harmful muta-
tions are expressed as small reductions OfVVlahlhty
over intra-uterine and post-natal life, and their effects
on health are detectable with difhculty in man. How-
ever. it is known that the cumulative effect of these
small changes causes the major part of the damage
from induced mutations. Furthermore, these changes
will be expressed over many generations. .

26. The proportion of one-seventieth above might
also apply to hereditary diseases of man which are
known to be important and which can be transmitted
directly from parent to offspring, but it should be em-
phasized once more that these diseases contribute only
a small proportion of the damage from gene mutations.
There is evidence that complexiy mherited characier-
istics, such as stature and intelligence, may be affected
by induced gene mutations and that the effects would
probably be adverse.

27. One-quarter of all abortions are caused by, and
1 per cent of all live-born infants suffer from, severe
effects of chromosomal anomalies which arise spon-
taneously. It is, in our present state of knowledge, only
possible to give estimates of rates of induction by high
doses of radiation of chromosomal damage of types
which include not more than a small proportion of
the anomalies that occur naturally. The number of these
that would arise after exposure to high doses can be

estimated, but it is not known how many would occur

following low doses, although the yield per unit dose
would be much less than that expected if the yield were
directly proportional to the dose. It should be noted
that a large part of this type of genetic damage is not
expected to persist in a population for more than one
generation.

28. Part of the total impairment in the first genera-
tion offspring of irradiated parents has been studied
in mice, namely, certain skeletal defects. From experi-
ments using high doses, it is known that malformations
of the skeleton do occur fairly frequently in these off-
spring. Whether proportional numbers of such defects
would result from low doses to parents is not known

29. The estimates arrived at in this report relate
to the genetic effects of acute exposures, at high doses.
of male reproductive cells in the stage (spermatogonia)
that is most important in human hazards. Lower num
bers of these mutations per unit dose will occur where
the radiation dose is low or is spread out over a long
time. It is also known that the reproductive cells of
the two sexes differ in sensitivity ; fewer mutations, o1
the average, will occur when the reproductive cells of
females (odcytes) are exposed to radiation. A

30. The Committee is of the opinion that these esti
mates, because they are subject to many uncertainties
should not be applied in a simple and direct fashior
to radiation protection. Any practical application o
these numerical estimates must be made with ful.
recognition of the qualifications set out in the ahovt
paragraphs and discussed in detail in annex C. .

31. Although there are insufficient data for making
satisfactory estimates of risk, it is clear that, with any
increase of radiation levels on earth, the amount o!
genetic damage will increase with the accumulateq dose
While any irradiation of the human population i
genetically undesirable because of its implications for
future generations, it should be pointed out that the
proper use of radiation in medicine and in industry
is important for the health of the individual and for
the welfare of the community.

32. The limited number of estimates made, the
many uncertainties as to their accuracy and the reser
vations which have to be attached to each of them ma
seem disappointing. The reasons wil be clear to reader:
of annex C where the complications of establishing
meaningful estimates are fully discussed. Although ab
solute measures of risk are still very uncertain and wil

probably remain so for some time, major advances have
been made in our knowledge of the relative risks unde:
various conditions of radiation exposure and for dif
ferent biological variables such as the reproductive-cel
stage. These findings are of considerable practical value
Thus, it is useful to know that the genetic hazard wil
be less per unit dose of radiation .whcn the exposurt
is spread out in time, is delivered m.smal.l qosage, o
when a long interval occurs between irradiation of the
female germ cell and conception. These factors must b
clearly borne in mind when making comparative rish
estimates.
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Annex 7

EXTRACT FROM REPORT OF THE UNITED NATIONS SCIENTIFIC COMMITTEE
ON THE EFFECTS OF ATOMIC RADIATION
(GA, OR, 24th Session, Supplement No. 13 (A/7613), 1969)

Chapter II

RADIO-ACTIVE CONTAMINATION OF THE ENVIRONMENT BY NUCLEAR TESTS

1. Debris from atmospheric nuclear tests continues
to be the most important man-made radio-active con-
taminant of the environment. A number of tests have
been carried out since the Committee’s 1966 report;
these have, however. added about 2 per cent to the
amounts of long-lived radio-active nuclides still in the
environment as a result of tests carried out in the early
1960s, although they have about doubled the current
low content of the stratosphere and have thus con-
tributed substantially to the deposition observed since
the middle of 1967.

2. Small amounts of radio-active material have leaked
from a few underground tests, and the crash of an
aeroplane carrying nuclear weapons resulted in a
localized contamination by plutonium-239 off the coast
of northern Greenland in January 1968. These events
have contributed only minutely to the global inventory.

3. Since the 1966 report, levels of long-lived nuclides
in food-stuffs and human tissues have continued to
decline except in the second half of 1968, when a slight
increase in levels of caesium-137 due to recent tests
was observed in food-stuffs in some countries of the
northern hemisphere.

4. Most of the amount of long-lived nuclides injected
into the stratosphere by earlier tests had been deposited
by the middle of 1967. However, substantial fractions
of the total doses to which the population is committed
remain to be received from present body burdens and
from the deposit in soil which will continue to be
transferred to food-stuffs. This is particularly true in
the case of strontium-90 which remains available for
absorption by plant roots and is retained for long
periods in the human skeleton. Present estimates in-'
dicate that roughly one-eighth of the total expected
population dose due to strontium-90 had been delivered
by the end of 1967, compared with between two-thirds
and three-quarters of that due to the total amount of
caesiuni-137 available for deposition in the body. On
the other hand, only a small fraction of the expected
population dose due to carbon-14, the radio-active half-
life of which is much longer, has so far been delivered,
and somewhat less than one-tenth of it will have been
delivered by the year . By contrast, more than
half of the contribution to the dose commitment from
external sources has already been delivered.

5. As in its earlier reports, the Conmumuittee has
evaluated comparative risks of biological damage to the
whole world population by means of ‘““dose commit-
ments” derived from the sum of radiation doses received
and expected to be received by the world’s population
as a result of the nuclear explosions which have already
taken place. As previously, dose commitments have
heen estimated for the gonads, for cells lining bone
suriaces and for the bone marrow, as these are the
tissues whose irradiation may give rise to hereditary
effects, to bone tumours and to leukamius, respectively.
The Committee has not made special dose commitment

estimates applicable to limited populations, such as
those in individual countries. except in a few cases
of populations with much higher than average ex-
posures. )

_ 6. In the present report, for the purpose of estimat-
ing dose commitments, the Committee has nsed more
extensively than heretofore actually measured levels
of long-lived radio-nuclides in human tissues. This is
particularly so in the case of strontium-90. which
poses special problems because of its long retention
in soil and bone and because of its complex metabolism
in human tissues. By making use of measured levels in
tissues, the Committee has been able to avoid some
of the assumptions previously nceded. Though a large
number of other assumptions are still necessary and
are common to all methods of calculation, the method
now used will enable the Committee to use more
efficiently the results of future measurements to verify
and. if necessary, modify those assumptions in the
future.

7. As far as the world-wide dose commitment is
concerned, the major source of uncertainty continues
to be the lack of information concerning the levels of
any of the radio-active nuclides in the food and tissues
of nearly two-thirds of the world population. In its
previous reports, the Committee assumed that the
numerical constants that describe the transfer of long-
lived radio-nuclides were the same as those determined
for areas from which measured data had been con-
sistently available.

8. In the present report, the Conimittee has confined
itself to estimating the dose commitment specifically
for those populations from which sufficient mecasure-
ments have been reported. For the rest of the world
population, an upper limit to the dose commitment
has been estimated.

9. The Comnittee feels that the uncertainty regard-
ing the estimate applying to a large part of the world
population, though unlikely to have caused a serious
undler-estimate of the global dose commitment, is un-
desirable, and it recognizes that, because of the very
slow turnover of strontium-90 in adult bone, it will be
possible, by sampling human bone from those arcas of
the world from which no data have yet been available,
to estimate dose commitments to the population of
these areas. The Committee notes with appreciation
that the World Health Organization, in response to a
recommendation made by the Committee at its eigh-
teenth session. is now undertaking a limited programme
of bone sampling, the results of which will be available
in the near future.

10. Short-lived radio-nuclides are a source of radia-
tion exposure of the population for a comparatively
short time following their release into the environment,
and external doses from short-lived nuclides due to
tests carried out in 1966, 1967 and 1968 have not
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significantly increased the global dose commitment.
Measurable iodine-131 levels in milk have been reported
mainly from the southern hemisphere following the
tests carried out in that area.

11. Since the last report, there has been a con-
tinuing interest in the doses received by populations
in the subarctic regions where, because of special
ecological conditions, there is an enhanced transfer of
caesium-137 from deposit to the body, mainly through
consumption of reindeer or caribou meat. In these
regions, individual doses from internal caesium-137 are
of the order of one hundred times greater than the
average for the northern hemisphere. There are also
indications that, in these regions, levels of strontium-90
in food and tissues may be significantly greater, though
not by as much as caesium-137 levels, than the average
for the northern hemisphere.

12. There are several other limited regions of the
world where levels of caesium-137 in food-stuffs and
in humans have been found to exceed by many times
the average for the corresponding 1ati.tud_mal band.
This has been attributed to high precipitation and to
special soil conditions resulting in increased availability
of caesium-137 to plants.

13. The estimated dose commitments are summarized
in table T. The table includes estimates for the tem-
perate zones of the northern and southern hemispheres.
A third column shows values applicable to the whole
world population. Although the Committee has used
new and less indirect methods of estimating dose com-
mitments, the present estimates differ little from those
given in the previous report.

14. Comparative risks are, as in the 1964 and 1966
reports, expressed as the periods of time during which
the natural background would have to be doubled in
order to deliver an additional dose equal to the
fraction of the dose commitments that will be received
by the year 2000. These periods derived from the dose
commitment estimates applicable to the whole world
population are approximately 11, 26 and 18 months
for gonads, cells lining bone surfaces and bone marrow,
respectively.

15. The Committee now has increased confidence
that its estimates are representative of the doses to
which humans have been committed, particularly for
those populations in the countries and areas from which
measurements are available.

TABLE I. DOSE COMMITMENTS FROM NUCLEAR TESTS CARRIED OUT BEFORE 1968

Dose commitments (mred)

A
lcd;:'v:u uf-';o‘vm Wlw‘:‘c
Tisswe Source of rediation sOme some worl
Gonads External Short-lived 36 8 g
171Cs 36 8
Internal 137Cs 21 4 2]
1uCe 13 13 13
Totale 110 a3 80
Cells lining bone surfaces ...External Short-lived 36 8 g
137C 36 8
Internal $0Sr 130 28 1300
137Cs 21 4 21
“Ce 16 16 16
89Sr <l <1 <1
Total® 240 66 220
v 23
Bone marrow . External Sh&r’t(»:l;\ed .;2 g 23‘.
905 64 14
Internal lJ’CZ 5 4 o
14 13 13 13
805y <1 <1 <1
Totale 170 51 140

& The dnse commitments due to internally depusited SR and 137

Cs given for the north temperate

sone are considered to represent upper limits of the corresponding dose commitments to the world

population.

b As in the 1964 and 1966 reports, only the doses accumulated up to year 2000 are given for uC;

at that time, the doses from the other nuclides will h:
commitment to the gonads and bone marrow due to t|

ave essentially been delivered in full. The to_ul dose
he 14C from tests up to the end of 1967 is about

180 millirads and that to cell lining bone surface is about 230 millirads.

¢ Totals have he:

| off to two significant figures.
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Chapter III

EFFECTS OF IONIZING RADIATION ON THE NERVOUS SYSTEM

1. The nervous system performs various functions
in the organism. In the first place, it provides the
means for relating the organism to the external en-
vironment by means of perception through the sense
organs and of control of the skeletal muscles. The
nervous system is also the instrument by which im-
mediate or delayed behaviour is expressed, and in man
it is responsible for the most complex intellectual
functions.

2. With regard to such f{unctions as digestion,
respiration, blood circulation and excretion, the nervous
system, often in conjunction with the endocrine glands,
plays an essential regulatory role by adapting these
functions to the changing needs of the organism and
thus. contributes to maintaining the constancy of the
internal environment. This task is largely performed
by the autonomic nervous system whose control centres
are located in the spinal cord and in certain brain
structures.

3. Reflex activity usually involves an orderly pro-
gression of events, namely, an initiation of activity at
sensory receptors, a relay of impulses to a neural centre
and final transmission to a muscle or other effector. While
reflex activities are readily analysed, the nervous
activity concerned with the highest integrative functions
of the organism, such as comnplex behaviour, arc much
more difficult to assess.

4. The importance and diversity of thiesc functions
emphasize the need for the study of the cffects of
ionmzing radiation on the nervous system. Although
ultimately it is the functional effects that may be miore
important, both structural and functional effects need
to be studied. Investigations of functions and structures
have been mostly carried out by different researchers,
and relatively few attemipts at integrating the two
approaches have been made. Because the response of
the nervous system is so different depending on
whether irradiation takes place during its development
or afterwards, it is customary and convenient to con-
sider the effects during these two periods in sequence.

Irradiation of the nervous system during
its development

5. Observations on experimental animals indicate
that pre-natal irradiation can produce severe develop-
mental anomalies. Those of the nervous system are
prominent among them. When they are serious enough,
further development of the foetus is prevented and
death ensues. Anomalies of the nervous system are
produced only if irradiation occurs in the period when
the nervous system and its various parts are dif-
ferentiating. Specific anomalies such as microcephaly,
encephalocele and hydrocephalus occur in this period
only after irradiation at certain so-called critical times.

6. The frequency and severity of anomalies of any
given type depend on the radiation dose, but informa-

tion is insufficient to establish dose-effect relationships
for any of the malformations affecting the nervous
system. [t is likely that the induction of gross malforma-
tions of the nervous system requires doses higher than
a threshold which, for mice and rats, is probably around
100 rads.

7. Disorganization of the cellular layers of the brain
cortex has been observed, however, after an x-ray dose
of 20 rads administered to rats on the sixteenth day
of pre-natal life and are still apparent when the animals
reach maturity. Less pronounced changes also occur
in rats after 10 rads given on the first day after birth,
but evidence of damage disappears progressively as the
animal grows. Such changes have been observed by
means of painstaking studies which need to be systema-
tically pursued at various doses and various times of
irradiation and observation, and attempts should be
made to correlate them with the functional effects that
have also been reported after pre-natal irradiation.

8. The functional impairment of animals irradiated
pre-natally has been studied by various methods, par-
ticularly in rodents. Electro-encephalographic changes
seem to reflect disturbances in the inhibitory function
of the cortex on lower centres. Visual, olfactory and
distance discrimination and other learning processes
are also affected. These changes have been observed
in adult rats which have received doses of the order
of 100 rads or more during the second and third week
of their intra-uterine life.

9. Some studies of conditioned reflexes, however,
lave been reported to reflect changes of learning pro-
cesses at much lower doses. Slight changes in con-
ditioned reflex performance have been ohserved in the
adult after as little as 1 rad on the eighteenth day of
pre-natal life. The assessment of the relevance of these
and other bhehavioural changes for the problem of
risk estimation in man requires better knowledge on
the comparability of resuits of studies on animals and
on man. -

10. That severe damage to the nervous system can
be induced in man also is shown by a number of
observations of children born of mothers irradiated for
medical reasons during pregnancy. Doses are unknown
but are believed to have been high. A number of cases
of reduction of head size, often accompanied by severe
mental retardation, have been reported among these
children as a result of irradiation from the second
through the sixth month of intra-uterine life. However,
contrary to what animal experiments would lead one
to expect, major structural changes of the nervous
system have seldom been observed, perhaps hecause
these would be incompatible with sufficiently long
survival of the human embryo for the damage to be
detected at birth.

11. Similar observations have been made among the
offspring of women exposed during pregnancy to the
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Hiroshima and Nagasaki explosions. Reduced average
head size and increased incidence of mental retardation
are clearly observed among those exposed within 1.5
kilometres of the hypocentre between the second and
the sixth month of intra-uterine life, and the frequency
of mental retardation may also be above normal at
greater distances, where doses were of the order of a
few rads.

12. The value of this latter observation is limited
by the fact that the number of cases among the off-
spring of women irradiated at low doses is extremely
small and that the role of other factors cannot be
entirely excluded. Where the opportunity exists, any
additional investigations on pre-natally irradiated sub-
jects are very desirable in oorder to establish further
the degree of radio-sensitivity of the foetus.

13. Surveys of children whose mothers were irra-
diated for medical reasons during pregnancy have shown
an associated increase (40 per cent) of malignancies,
including malignancies of the nervous tissuc. The excess
was noticeable after doses assumed to be of the order
of a few rads, but it cannot be entirely excluded that
it may have been associated with the condition in the
mother that prompted the irradiation rather than with
the irradiation itself. Such an increase has not been
reported among survivors of in wlero exposure to the
Hiroshima and Nagasaki hombings, but the expected
number of induced cases in that population was very
low.

14. An increased incidence of tumours of the nervous
tissue has also been ohserved in a number of survevs
of children irraciated for medical reasons in infancy or
early childhood. One of these surveys suggests that,
at the doses absorbed by the refevant tissues, the in-
cidence of these malignancies is increased by the same
order of magnitude as the incidence of leukemias. The
same survey has also shown an increased incidence of
serious mental disturbances associated with previous
irradiation of the brain around the age of seven years.
Most of the brain was estimated to have received doses
of approximately 140 rads. However, as the role of a
number of variables that may themselves have con-
tributed to that excess cannot at present be assessed,
the resuits of further analysis of these results are
required before the relationship between radiation and
mental disorders can be considered as proved. Other
surveys of brain-irradiated children that are currently
in progress should be vigorously pursued.

15. The cvidence available induces the Committee
to draw attention to the particular hazards that may
result from irradiation of the feetus and of children.

Irradiation of the nervous system in the adult

16. In the adult, the radiation dose required to
induce severe structural changes in the nervous system
under conditions of whole-body irradiation is higher
than the dose needed to cause gross alterations of other
systems such as the gastro-intestinal tract and of the
hamopoietic system. Under conditions of short-term
irradiation, the median lethal dose for man lies around
400 rads, and death when it occurs is mainly due to
the involvement of both of these. Sudden death pri-
marily due to the involvement of the nervous system,
on the other hand, occurs after doses of the order of
several thousands of rads.

17. Only isolated cases of malignant intracranial
tumours of the nervous tissue have been reported after
irradiation of adult subjects. It seems, therefore, that
the induction of malignancies is unlikely to be a
substantial hazard of irradiation of the adult nervous
system in man.

1R, Functional and behavioural effects are observed
in experimental animals after high doses (above 50
rad). These effects include some electro-encephalo-
graphic changes and some disturbances of certain con-
ditioned reflexes. The accomplishment of many tasks
involving learning and performance is little if at all
affected. Such changes as have been induced by radia-
tion disappear with time, but repeated irradiations with
the same dose tend to produce greater disturbances.
There are both positive and negative reports on the
induction of similar, but milder, functional changes by
low-duse radiation.

19. Tt is not clear to what extent such functional
effects as have been observed after whole-hodv doses
of 50 rads and above are the primary consequence of
damage to the nervous system or whether they resuit
from different stimuli originating in. or from toxic
products released by, other damaged tissues and systems
such as the cardio-vascular, gastro-intestinal and  en-
docrine svstems. Nevertheless, whether primary or sec-
ondary, these effects on the nervous system may play
a role at the duses at which the acute radiation syn-
drome may occur.

20. Observations are available on radiation workers
exposed in the past for a number of vears to average
levels of radiation estimated as being higher than
current maximum dose levels for radiation protection.
Subjective complaints, such as headaches and sleep
disturbances accompanied by mild and reversible neuro-
logical and cardio-vascular changes. have been reported.
No changes of consequence were observed among
workers exposed. even for a number of vears, within
the currently accepted dose limits.

21. Tven at very low doses. ionizing radiation may
act as a non-specific stimulus. Evidence of this is found
in the possibility of using radiation as a conditioning
stimulis, the ability of radiation to awaken an animal,
the avoidance of a radiation source by an animal, and
in the fact that radiation can serve as a visual or
olfactorv stimulus. Under certain circumstances, ionizing
racdiation can he perceived by the human retina at
doses a< low as a few millirads. There is no evidence
that these doses induce any injury to the sense organs
involved.

22. Tt seems, in summary, that the most significant
fact emerging from a review of the effects of ionizing
radiation on the nervous system is the striking de-
pendence of the type and intensity of effects on the
age at irradiation. In the adult, except at extremely
high doses, the effects that have been observed, whether
structural or functional, appear to be of secondary
importance compared to those that may arise in other
tissues and systems. Functional reactions of the ner-
vous system may also appear at very low doses (10
rad or less). However, they are of a physiological
nature, and no damage of the nervous system has been
observed. In children, on the other hand, the evidence
suggests that, at least with regard to the induction of
malignancies, the nervous tissue might be about as
susceptible as other tissues such as the thyroid and
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blood-forming tissucs. It is, however, in the pre-natal
period that the vulnerability of the nervous system is
highest. There is clear evidence that, from the second
to the sixth month of pre-natal life, doses from 50
rads onwards are associated with increases in mental
retardation and microcephaly. Evidence on the effects
of lower doses during this same period of pre-natal

life is still extremely tenuous and does not permit
exclusion of the possibility that increased incidence of
the same effects may be a result of exposure in this
lower range. Available data suggest that even low
doses given to the feetus later in pregnancy may in-
crease the incidence of tumours of the nervous system
as well as of other malignancies.
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Chapter IV
RADIATION-INDUCED CHROMOSOME ABERRATIONS IN HUMAN CELLS

1. The cells of any given species have a character-
istic number of chromosomes, and each chromosome
has a characteristic structure and size. Chromosomal
changes visible by some form of light microscopy are
called chromosome aberrations. These can be separated
into aberrations involving changes in structure—the
chromosome structural aberrations—and those involv-
ing changes in the number of chromosomes. Since
chromosomes contain genetic material, the various types
of chromosome aberrations may result in genetic effects.

2. In man, as in all other animal and plant species,
chromosome aberrations are to be found with low
frequencies in both somatic and germ cells of in-
dividuals in populations that have not been exposed to
radiation over and above natural background levels.
Such spontaneous aberrations are changes that may,
in some cases, be transmitted to descendant cells. In
other cases, the changes are so gross that they result
in the death of the cells containing them. Clearly there
are differences between the relative importance of such
changes in somatic as opposed to germ cells.

3. Chromosome aberrations in human germ cells
are associated with and may be responsible for a con-
siderable proportion of spontaneous abortions and,
where they are compatible with viability, for a variety
of congenital abnormalities. Indeed, as discussed in the
1966 report, it has been estimated that one child out
of every 200 live-born has a constitutional chromosome
anomaly responsible for a gross physical or mental
abnormality. The importance of chromosome aberra-
tions in somatic cells is less clear, although there is
evidence that one particular kind of chromosome
anomaly may be causally related to the development
of human chronic granulocytic Jeukamia, On the other
hand, in normal healthy individuals peripheral blood
lymphocytes may occasionally contain a chromosorme
aberration (less than one in 2,000 for one specific type
of aberration). In itself the presence of such aberrations
appears to be of no consequence to the well-being of
the individual.

4. Exposure to radiation may result in an increase
in the number. hut not in the variety, of chromosomal
aberrations. These aberrations are clearly of genetic
importance and they may, in fact, comprise the major
component of the genetic damage resulting from radia-
tion exposure. Thus, a considerable amount of work
has been carried out on the mechanisins whereby such
aberrations are induced by radiation, on the behaviour
of the aberrant chromosomes at cell division and on the
genetic consequences of the aberrations.

S. Until relatively recently, most of this work had
been carried out on organisms that were particularly
well suited for cytological study, because they pos-
sessed small numbers of rather large chromosomes.
However, in the last decade, and particularly over the
last four or five years, a considerable amount of study
has been devoted to the induction of aberrations in

man. These studies have been made possible through
the development of simple and reliable techniques for
culturing human cells i vitro and through the applica-
tion and refinement of cytological techniques previously
utilized by plant cytogeneticists.

6. As a result of the developments in human cyto-
genetics, it has become possible to make observations
on chromosome aberrations induced in human cells
both in vivo and i vitro. Studies have been carried
out on individuals exposed to radiation in the course of
their work or for diagnostic or therapeutic purposes,
as well as on individuals who had been exposed ac-
cidentally or as a consequence of nuclear explosions.
In addition, a considerable amount of work has been
undertaken on the responses of human chromosomes
in cells exposed to radiation in vitro. These studies
have shown that the human chromosome complement
is sensitive to radiation and that it is possible to detect
effects following x-ray doses as low as 10 rads de-
livered to substantial proportions of the body in a
short period of time.

In vitro studies

7. The blood leucocyte culture system offers a
means of experimenting on freshly obtained human
cells which can be easily and painlessly collected in
large numbers without any adverse effect on the donor
and are amenable to short-term culture, using relatively
simple techniques. The obvious advantages offered bv
this system for studies on the im witro response of
human cells to radiation exposure have been exploited
by a number of groups of workers, and a considerable
amount of data on radiation-induced chromosome aber-
rations in such celis has been obtained.

8. A variety of studies have been carried out on
the influence of various factors, including radiation
quality, dose. dose rate and time of sampling, on the
yvield of radiation-induced chromosome aberrations in
human peripheral blood cells. In general, it has been
found that. for any given set of factors, there exists a
quantitative relationship between the yield of aberra-
tions and dose, as has been observed in all other
mammalian and non-mammalian cell systems that have
been studied.

9. A'though studies in various laboratories on the
relationship between aberration vield and dose' have
shown that separate experiments vield consistent results.
significant differences have been observed between
iaboratories. However, it is now clear that the main
factors contributing to the quantitative differences
between these results are (a) differences in the quahty
of the radiations employed:; (&) the use of irradiated
cuitures as opposed to the irradiation of blood cells in
vitro prior to culture and (c) the use of different dura-
tions of culture. When these factors are taken inte
account, close agreemeny between different laboratories
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is evident. However, further standardization of methods
is highly desirable to ensure better comparability.

10. This work has great importance because of the
possible use of dose-yield relationships established in
vitro in attempts to estimate radiation doses absorbed
i vivo and as an indication of their likely biological
importance. In theory, dose estimates can be obtained
with this technique through the study of chromosome-
aberration yields in the exposed individuals and extra-
polation to equivalent yields obtained s wvitro under
defined conditions of exposure. A number of labora-
tories have had a good measure of success in estimating
radiation doses in accidentally exposed individuals by
the use of this ‘“‘chromosome-aberration dosinietry”
approach. However, there are a number of important
problems, particularly in relation to problems of non-
homogeneous exposures of the body. At the present
time, it seems clear that the use of chromosome aber-
rations in biological dosimetry may have considerable
potential, but much work remains to he done.

In vivo studies

11. Studies on peripheral blood lymphocytes from
patients exposed to diagnostic x rays and from radia-
tion workers receiving long-term irradiation have, in
some cases, clearly revealed significant increases in aber-
ration yields after doses of the order of a few rads.
The ability to detect such effects at low doses is a
consequence of the relatively high sensitivity of the
human chromosome complement, of the high quality of
cytological preparations from lymphocytes and of the
very low frequency of spontaneous chromosome aberra-
tions in such cells.

12. To relate aberration vield to radiation dose in
vivo, data obtained over a range of exposures, pre-
ferably under standardized conditions, are desirable
but rarely obtainable. A number of studies, however,
have been carried ont on individuals irradiated at
various dose levels and under various conditions either
as a result of accident or for therapeutic purposes. The
integral absorbed dose has been estimated from aberra-
tion yields in some of the studies on individuals acci-
dentally exposed, sometimes with good agreement with
measurements obtained by phvsical means.

13. Evaluation of the dose under these conditions
is fraught with uncertainty since. although the cells
(small lymphocytes) that are sampled for studying
aberration yields are widely distributed throughout the
body, they tend to migrate so that only a small pro-
portion is to be found in the peripheral blood at any
one time. Thus, in the case of short-term partial-body
exposure by radiation of a given quality, the aberration
yield observed in the cells sampled will depend upon a
variety of factors, including the volume irradiated, the
proportion of small lymphocytes in the exposed volume
and, since there is considerable mixing between lym-
phocytes in different tissues, the time at which blood
is sampled after exposure. Similar difficulties arise in
cases where limited areas of the body have been ex-
posed to radiation for medical purposes, and blood
samples are taken at short defined intervals after
exposure.

14. Because at least some of the cells sampled for
aberration yields are long-lived, it has recently been
possible to obtain dose estimates from blood cells of
survivors of Hiroshima who had been exposed to radia-

tion from the nuclear explosion twenty-two years pre-
viously. These estimates are in reasonable agreement
with indirect estimates of exposures obtained by physical
methods.

15. It may be concluded that studies to date indicate
that scoring of chromosome aberrations in the lympho-
cytes of circulating blood is a potentially important
biological adjunct to physical dosimetry. Special dif-
ficulties, however, arise in the irradiations restricted
to parts of the body because of the mixing of lvmpho-
cytes from irradiated and unirradiated parts of the body.
Thus, this method only reflects an average effect upon
lymphocytes irradiated in different parts of the body.
Further data are urgently required to improve the
validity and broaden the field of application of this
method.

Possible biological significance of the abherrations

16. The possible biological significance of chromo-
some aberrations present in germ cells has been the
subject of continued review by the Committee, and
the views expressed in the 1 report are still largely
valid. There are no direct observations yet on the
genetic consequences of radiation-induced chromosome
aberrations in the germ cells of man, although infor-
mation on the genetic consequences of radiation-induced
chromosome anomalies in laboratory mammals is avail-
able and was reviewed in detail in the 1966 report.
Further study on human meiotic cells is clearly neces-
sary, particularly in order to provide better estimates
of the spontaneous frequency of translocations in man
and a better understanding of their genetic conse-
(Juences.

17. At the somatic level, the interest of chromosome
anomalies results mainly from their possible role in
the causation of malignant changes. with which they
are frequently associated. Such a role is. however, still
unclear. Only in the case of chronic myeloid leukemia
does the evidence strongly implicate a specific chromo-
some aberration (the Ph! chromosome) as plaving a
significant role in the initiation of the disease if cells
with this aberration are present in the bone marrow.
Although 1t is possible that other specific chromosome
abnormalities could he associated with other types of
neoplastic change, the evidence is tenuous, whereas
the presence of a wide variety of chromosome aberra-
tions in most tumours and their complete abscnce in
some others argues against a simple causal relation-
ship. Chromosome aberrations may well be phenomena
that are secondary to, and could be independent of,
the neoplastic change, although it is clear that most
agents and conditions that produce chromosome aber-
rations also cause tumours,

18. The incidence of chromosome aberrations and
that of tumours both increase with increasing dose,
but the relationship between the two effects is com-
plex. Although there is some correlation between radia-
tion-induced chromosome aberrations and malignancies,
it is a matter of observation that, of the individuals
exposed to low levels of radiation and who have aber-
rations in many of their cells, very few manifest malig-
nant disease,

19. The considerable interest in the possibility that
radiation-induced chromosome aberrations may con-
tribute to life shortening and to immunological defi-
ciency has not so far resulted in any clear conclusions
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regarding the relationship between chromosome aberra-
tions and these effects. Although life shortening and
acute immunological deficiency may be induced by
radiation, the part played by chromosome aberrations,
other than by contributing to cell killing in the case
of immunological deficiency, is by no means clear.

20. Information on the yields and types of chromo-
some aberrations in somatic cells does not as yet pro-
vide us with a new approach to, or better estimates
of, risks except in the one specific case of the Ph!
chromosome change which correlates with chronic

granulocytic leuksemia. Knowledge of an increased fre-
quency of chromosome aberrations in the peripheral
blood lymphocytes of an irradiated individual does not
enable us to make any quantitative statement regarding
the risk of developing neoplastic diseases, immunolo-
gical defects or other clinical conditions. .For the time
being, estimates of risk of somatic diseases must,
therefore, remain largely based on empirical relation-
ships between doses and observed incidences in groups
of irradiated people, as were the estimates earlier ob-
tained by the Commitiee,
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Annex 8

EXTRACT FROM REPORT OF THE UNITED NAT TONS SCIENTIFIC COMMITTEE
ON THE EFFECTS OF ATOMIC RADIATION
(G4, OR, 27th Session, Supplement No. 25 (A/8725), 1972)

Chapter 1

SOURCES AND DOSES OF RADIATION

A. ENVIRONMFNTAL RADIATION?
V. Natural rudiaiion

8. Man has been continuously expesed to natural
radiation since his appearance on carth and. until less
than a century ago, was exposed to natural radiation
only. Even now. despite the widening use of radiation-
producing devices. the widespread radio-active con-
tamination from nuclear weapon tests and the increas-
ing applications of nuclear cnergy and radio-isotopes.
natural sources are the main contnbutors to the
radiation cxposure of most of the human population
and are hikely to remain so in the foreseeable future,

9. Natural radiation is of two origins, extraterres-
trial and terrestrial. Extraterrestrial radiation originates
in outer space as primary cosmic rays and reaches the
atmosphere, with which the incoming energy and parti-
cles interact, giving rise to secondary cosmic rays—
those to which living beings on the earth's surface are
exposed. The rate at which doses from cosmic rays
are delivered is fairly constant at any one point on the
earth’s surface but varies with latitude and. 10 a greater
extent, with altitude. Tyvpical values at sea level n
temperate latitudes are of the order of 30 millirads per
year. As the altitude increases. dose rates approxi-
mately double every 1,500 mcetres up to o tew kilometres
above carth,

10. Special problemiy arise with aireraft flying
high alutudes. In that case. not only is the cosmic-ray
dose rate consistently higher than at lower aliitudes
but it may also, on rare occastons. uddenly rise as a
conseqaence of the cotsion ot high-cacrey parteles
from solar Hares The dose rates may. on occasion. be
suth i(‘n!l'\,' hig_h_ to reguoire the mrcraft to doseend into
the lower protective Lavers of the atmosphere in order
to prevent unaceeptable exposures of crew and passen-
gers The crews of supersonic transports curborne ter
more than SO0 hours per vear at hich alvrados aned
lantudes will probably recenve exposures comewhat
higher than those received by the crews of current <uh-
sonic jets. Passenger doses per hilometre flown arne
likely to be about the same in supersonic transport as
in conventional jet aircraft owing to the shorter flight
time of the supersonic transports.

11, Terrestrial radiation is emutted from radio-active
nuclides present in varving amounts in all soifs anid
tocks, the atmosphere and the hydrosphere, and from
those radio-nuclides that, transferred to man throueh
food chains or bv inhalation. are dcposited in his
tissues. Terrestrial radio-activitv, therefore. leads to
both external and internal exposure. External dose
rates vary depending on the nature of the ground and
of building matcrials. whercas internal dose rates are
relatively constant. The largest part of the world popu-
lation receives dose rates of the order of S0 and 20

4 For details, see annex A.

millirads per year from external and internal terrestrial
radiation. respectively  Dose rates higher by an order
of magnitude are received by populations (a few hun-
dred thousand people) diving in areas where sotls have
a high content of wranim and thorum

2 Man-made e nvironmental radiation:

Cay Avvosphenc and surtuce nuddear weapon i

12 Testy of nuclear weapons have been carned out
in the fast few years at a much lower rate than during
carhier perinds © Those carned out before 1963 Gyl
represent by far the largest series of events feadine 1o
global radio-active contamination However, the debris
that these tosts had npected inta the stratosphere Bae
been almost entirely deposted on the carth’s utface
so that most of the resduals undecaved, radio activaty
from carlicr tests s now present i soif crops and
animal tssues. from which it i steadidy removed by
a number of phyaical and binlogical mechanisme As
1 the past. the Commtiee has reviewed the contnibu-
tion made by the radio-nuchdes produced by nuclear
tests to the total average doses that will accrue o
certin tissues by the vear 2000

13 The intake of stroptiem-90. & nuchde that is
deposited in bone, s now Jower than i the past be-
cause comparatisely small amounts of 1t are absorbed
from the soil by plants used as foad-stutfc or ol
teed. whereas direet deposition on veectation. which
wis the avun mechanism ol contanunation when tall-
out retes were highs now contnibutes very birtde to the
mtahc A result fevdds of stronbum Y0 hane con
srderably decraased both o chaltren and i adalis The
fact that rates of deposition of strontum-90 are aow
Somuch dower than o dew vears ago bas inade ot s
sible to evatuate more reabnticdly the tates at which
this nuchde s teken up trom oy and s climinated
from the human body These values ditfer from those
that the Commetice, in the absenee of direct estimates
had so to s and oad 1o estimates of dose com
autiments anatter tun those ocepted by the Conmmntte
moats st report Conterseiv, the eormnates of external
doses ol nssaes from Lt our depesited on
eround have now been revised upwards AL o result
although the wtal imventory of lozg lived nuchdes pro
duced baonuclear tesis hae changed only shghtls o the
relative impartance of stronoum-90 as o contributor

the total dose to be received by the vear 2000 i< fese
than an the past. the main contributinn beine now
from those nechides, in particular cacsium-137. that
give rise to external irradiation. The total per caput
dose to be received between 1955 and 2000 by the
whole world population from tests carried out between
1955 and the ¢nd of 1970 is cquivalent to about two
vears of exposure to natural sources However. since
nuclear weapons tests have not ‘ceased in 1971, it
cannot be cxcluded that a further dose commitment
must be added.
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14. lodine-131 is a radio-nuclide that poses special
problems because it is concentrated in the thyroid and
irradiates that gland more than any other tissuc, the
doses per unit intake (mostly through milk) being
highest in infants. The presence of jodine-131 in milk
has been reported in a number of countries of the
southern hemisphere after each of the 1970 and 1971
serics of tests m the southern hemisphere. The annual
average doses to the thyroids of infants were of the
order of several tens of nulhrads and the highest annual
doses remained markedly lower than those reported in
the northern hemisphere before 1963,

(b) Power production from nuclear fission

15. Large-scale production of clectric power by
nuclear fission presupposes a esele of complex opera-
tions. most of which involve some discharges of rado-
active material to the environment and a corresponding
radiation cxposure of the pepulatien at laree The
exposures that have resubted ~o tar and may result i
the future from eperational discharees throughout the
world have been conadarad by the Committee on the
basis of published mform ion or of imtormatien directly
submittcd to the Compnttee. Whate sach imformauoen
was wvmlablo rom enfy g few of e countries in
which power readtors are an operabion, there I8 no
reason to beliove th o the population capesure associated
with the pover production evele difloes narkedly in
other countries The Commnuttee has not reviewed the
contanmnation that may result from future accidental
releases of radio-activaty,

16 1In the full production cvcle--from mining and
milling of ore 1o fuel fabneation and cennichment, to
power production e reactors and finally to reprocessing
of speat fuel- the Tast two operations are at present
the man contributors to the total populiation dose re-
sulting from nuclear power productivon, largely because
of occupational exposure of workers in these two parts
of the cycle.

17. The exposure of the population is both local, to
limited populations living m the proximity of nuclear
installations, and global  Most of the population ex-
posure is external. from rascous discharges through the
stacks, whureas a lesser contribution is made by dis-
charges threugh liqud eluents. Global doses to be
received anmually by the general public as a result
of the continucd operation of the energy production
cycle at the 1970 production rate are cestimated to be
onc hundred thousandth of the average dose received
annually by the world population from natural sources
Local duscs can be several times higher than global
ones.

18 According to estimates provided by the Inter-
national Atomic Energy Agency, the world gencerating
capacity will increase more than two hundredfold by
the year 2000, With current techpology and operational
practice. if the nuclear power production were to stabi-
lize at the estimated level reached by the year 2000,
annual global radiation doses from the power-production
cycle might be as high as two thousandths of thase
received annually from natural sources. The magnitude
of the average increase in the local doses is more
difficult to predict for these depend on the population
density as well is on the output of the installations, but
doses to be received annually as a result of continued
power production at the level estimated for the year
2000 are unlikely to exceed greatly the annual global

doses received from these sources. Technological ad-
vances may make it possible to reduce these expected
doses considerably.

{¢) Peuceful nuclear explosions

19. Nuclear cxplosives have a virtually unused
potential for peaceful applications. Those that have
some prospects of being developed in the ncar future
are the recovery of underground natural resources (par-
ticularly natural gas and oil) or the provision of under-
eround’ storage cavities by contained explosions, and
the construction of reservoirs. harbours, canals, ete.
by cxploiting the carth-moving effect of subsurface
cratering cxplosions. Both types of explosions poten-
nally involve population exposure. associated mostly
with the radio-activity of the resources recovered in
one case, and with the release of radio-active material
to the environment in the other. Their practical applica-
tions will probably require international agreements to
ensure the protection of the public.

20 A detailed evaluation of artificial radio-activity
in the natural gas recavered from the first experimental
contained explosion has indicated that, if the gas had
been introduced into the distribution network that sup-
plics as to the 7 million inhabitants of the Los Angeles,
Cahfornin (USA)Y arca, they would have received a
dose of the order of a few ten thousandths of that
recenved anmuadly from ratural sources, The explosive
used in this experiment had not been designed for gas
stimulation. however. and it is to be expected that the
new cxplosives that are now being developed will make
it possible to keep gas contamination to such low lesels
that distribution of gas for industrial and even domestic
consumption may become justifiablc.

21. Cratering explosions, by their very nature,
always involve at least some venting of radio-activity
into ‘the atmosphere. Few have been carried out ex-
perimentally so far, but one has been used in the
Soviet Union for the creation of a water rescrvoir.
Current technology may make it permissible to use
cratering cxplosions for small projects in isolated areas.
For bigger ones, the safety of the populations living
ncar the site of the project, as well as long-range con-
tamination. are powerful limiting factors, and  will
restrict the use of these projects unless they are over-
come by major technological advances.

B. MEDICAL EXPOSURE®

22. Radiation is used in medicine for diagnostic
purposes and for the treatment of diseases, particularly
cancer, The local doses received by individual patients
in the course of diagnostic investigations may vary
from heing about equal to the average doses received
annually from natural sources (~ 0.1 rad) to 50
times as high. Radiation treatments, on the other hand,
may involve individual doses thousands of times higher
than those received for diagnostic purposes and are
usually delivered over several wecks to part of the body
only. Both for diagnosis and for therapy, irradiation is
mostly external, but an increasing number of radio-
logical procedures now involves the administration of
radio-active materials which result in internal irradia-
tion.

23. The mcan doses received by the population
arc determined by a combination of the doses deliv-

8 For details, sce annex B.
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ered by the individual procedures and the pumber of
cases in which these procedures are applied. In the
10 years since the Committee last reported on this
topic the frequency of diagnostic radiological examina-
tions has increased by a few per cent per year in a
number of technologically advanced countries, as more
facilities for medical care became available and new
developments in techniques and instrumentation have
been introduced. The aim of medical radiology is to
provide maximum benefit to the population served,
and therefore an increase in frequency of examinations
is likely to be fully justified, particularly in the develop-
ing countries. Since it is probable that a large propor-
tion of the world population does not have easy access
to modern x-ray facilities, the number of such facilities
must increase greatly if local health standards are
to improve substantially.

24. Most surveys of medical exposure have been
concerned with doses to the reproductive cells. Because
such doses, when received after completion of a per-
son’s reproductive life, will make no contribution to
genetic effects in subsequent generations, individual
dose cstimates are weighted by the child expectancy of
the paticnt so as to obtain an cstimate of the “gene-
tically-significant dose”. The estimates so obtained
vary for different countries by a factor of almost 10
and range from less than one tenth to more than one
balf of the annual dose from natural sources. Thera-
peutic irradiation being most frequently carried out
on patients unlikely to have any more children, most
of the genetically-significant dose is due to diagnostic
irradiation, and different types of examination con-
tribute to different cxtents to the mean dose. It is
very important to note that some of the lowest doses
have been reported from countries with the highest
health standards, indicating that, with the use of
modern radiological techniques and equipment (in
particular strict control of field size), the best medical
care need not at present involve genetically-significant
doses higher than one fifth of the annual dose from
natural sources.

25. Only three surveys of doses to blood-forming
cells in the bone marrow have been carried out so far.
Their results indicatc mean annual per caput doses
from medical procedures ranging from one third to
two times the annual dose from natural sources.

26. There is sufficient agreement between the
surveys carried out in the various countries to assess
the magnitude of the average doses for particular exam-
inations within an order of magnitude. However, sur-
veys have additiopal value in indicating where changes
in radiological practice or technical advances may
achieve significant reductions of the population expo-
sure, and can help in identifying those groups of
patients that, having received high doses of radiation,
may need continuing surveillance to detect possible
increases in late radiation effects. But it is questionable
whether emphasis should continue to be placed on
the conduct of dose surveys alone or whether more
attention should not be given to the other means of
achieving the minimum practicable dose to the patient
commensurate with the needs of diagnostic radiology.

27. Three basic approaches can contribute vari-
ously to this improvement, depending, in any particular
case, on the availability of funds and trained staff—
educational programmes, surveys of the frequency of
examination and of the doses received, and adminis-
trative control measures. Educational programmes can
be aimed at (a) the radiation staff and the conduct

of their day-to-day work, (b) the clinical staff that pre-
scribe investigations involving radiation and (c¢) the
general public and the development of an awareness
of the need for radiation protection. The provision of
educational training programmes and the establishment
of some administrative control may be much more
important than dose surveys, particularly where re-
sources are limited.

C. OCCUPATIONAL EXPOSURE®

28. Individuals may be exposed to radiation in the
course of their occupation. In industrially developed
countries the number of persons liable to receive radia-
tion exposures in the course of their work is reported
1o be between one and two per thousand of population.
Close adherence to the recommendations of such bodies
as the International Commission on Radiological Pro-
tection, the loternational Labour Organisation, the
World  Health  Organization and the International
Atomic Energy Agency ensures that most workers re-
ceive very low exposures, and that very few workers
exceed the recommended maximum permissible doses,
The maximum permissible annual dose to the whole
body is about 50 times that reccived from natural
sources,

29. The mean radiation dose received annually by
workers in most types of work involving radiation
exposure is reported to be less than six times that
reccived from natural sources. although some types
of workers (including industrial radiographers “and
medical radium workers) tend to reccive doses several
times higher. The yearly contribution of occupational
exposure to the genctically-significant dose of the whole
population has been estimated in various countries
to be less than one hundredth of the annual dose
received from natural sources.

30. Radiation injuries are now very rare and, when
they happen, can usually be attributed 10 carelessness.
Most of the reported injuries occur in industrial radio-
graphers, in rescarch workers using x-ray crystallo-
graphic machines, and in medical workers using hand-
held fluoroscopes. Such injurics can be prevented by
adherence to recommended practice. Underground
miners, not only in ur 5 but in some other
types of mines as well, are exposed to radio-active
materials in the air they breathe. Considerable efforts
are being made to improve conditions in mines so as
to reduce this form of radiation exposure, which, at
sufficiently high levels, has been shown to be associated
with an increased incidence of lung cancer.

D. MISCELLANEOUS SOURCEST

31. The general public may be exposed to ionizing
radiation from a wide variety of miscellancous sources.
The most widespread are consumer products containing
radio-active materials and clectronic tubes emitting
x rays but not designed for that purpose. Until a few
years ago, appreciable doses could be received from
self-luminous wrist watches and from colour television
sets. Owing to international recommendations and
national regulations, the exposure from these sources
has rapidly decreased. Although no recent study of the
annual genetically-significant dose has been published,
it is estimated to be less than 1 per cent of the annual
dose from natural sources.

8 For details, see annex C.
7 For details, see annex D.
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Chapter 11

GENETIC EFFECTS OF RADIATION"

32. The genetic material consists of chromosomes
—microscopically visible structures within cell nuclei—
and genes—the functional units of which the chromo-
somes are composed and which cannot be distinguished
microscopically. Although these structures are present
in all body cells, only those in the reproductive cells
are transmitted to the fertilized ovum (the zvgote)
and hence from one generation of individuals into the
next. When the reproductive cells are irradiated, changes
may be produced in the genes or in the chromosomes
of these cells and subscquently  transmutted to the
descendants of the irradiated individual. These genctic
changes are ol different kinds: («) geae mutations
i.e.. alterations in the function of individual eenes:
(h) chromosome aberrations resulting from breakage
and reorganization of  the chromosome: and 1)
changes in the number of chromosomes, Sume of these
changes result in offspring «uftering abnormahities which
may range from mildly detrimental to severcly disabling
or lethal disorders.

33. Since adequate human data are not available,
the estimates of genctic risks ensuing from radiation
exposure of the human reproductive cefls are baved
on results obtaned with other species, notably mice

A GENE MUTATION

34, The two reproductive cell stages most im-
portant for the asessment of genetic Tisks are sper-
matogenia in the male and oteytes in the female At
high acute doses of radiation the rate of induction in
spermatogonial cells s estimated to range between
100-5.000 recessive mutations per rad® per million.
Human populitions, howevei, predominantly receive
Jow doses of radiation under acute (short-term at high
dose rate) or chronic (protracted at Jow dose rate)
conditions of exposure. On the basis of experimental
studics, 1t s estimated that under these conditions
the rate of mutation induction is about onc third of
the above figure. Consequenthy, for males, a rate of
induction of 30-1.500 mutatons per milhon per rad
seems o more realistic approximation. At high acuie
doses of radiation the risk of mutation in females
conceivig shortly after radiation exposure will be about
twice as high as m males, whereas at Tow doses the
risk will be reduced to at least one third and with
chronic exposure to about one  twenticth of - that
expected after acute exposure to high doses. If the
human ovary responds to ircadiation as does that of
the mouse, which is by no means certain, it can be
expected that, if conception vceurs after a suthicient
interval foflowing wrradiation. the resulting frequency of
mutations in the descendants of irradiated females
mirht approach zero.

Stor uctads see annex Fo
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35. Dominant gene mutations are expressed in the
first-generation descendants of an irradiated population.
There is evidence suggesting that in man about 1,000
genes may contribute to this category. The estimated
rate of induction of dominant visible mutations in the
human male exposed to low doses of irradiation is
two per rad per million descendants.

B. CHROMOSOME ABERRATIONS

36. Spontancously occurring chromosome aberra-
tons are o source of considerable human hardship,
siice they are responsible for a large fraction of all
spontancous niscarriages, congenital malformations and
muntal and physical defects. For instance, the possession
of an additional small chromosome (nuriber 21) leads
to Down's syndrome, whick is associated with severe
mental retardation. Extensive data have been collected
recently in the mouse on another type of aberration,
known as transtocation, This involves the exchange of
parts between two different chromosomes. It is known
that in man it may lead to malformations similar to
those ascociated with the presence of additional chro-
mosomes. or may Jead to carly pre-natal death. These
effects are associated with the presence of transloca-
tions in an unbalanced form, in which there may be
loss of one of the exchanged segments and gain of
the other In its balanced form, a translocatton usually
has no detrimental effect for the person carrying at, but
hatf of his or her offspring are likely to have the
translocation in unbalanced form.

37. In male muce, the yield of balanced transloca-
uons in the generation after exposure is more or less
propartional to dose for acute x-irradiation at mode-
rate 10 high doses, about 30 being induced per million
offspring per rad. It is probably similar in female mice,
but information is still meagre. The expected vield of
unbalanced translocations (causing carly death or
detectable abnormality) will be 60 per mutlion zygotes
per rad after exposure of males and 180 per million
per rad after exposure of females.

38 In attempting to deduce from these figures the
probable risk for man under usual exposure conditions,
a number of different factors have to be considered.
First, there is evidence from work on chromosome
aberrations in blood cells that man may be twice as
radio-sensitive as the mouse in this respect. Second,
chronic gamma-irradiation is only one third as ctfecuve
as acute x-irradiation in inducing translocations in
male mice. while acute x-irradiation at very low doses
(as used in medical diagnosis) may be only about
one quarter as effective per rad as at higher doses.
Therefore the probable yicld of balanced translocations
in the offspring of exposed males is about 7 per million
per rad with chronic gamma-irradiation and about
15 per million per rad with low-dose acute x-irradia-
tion. The expected yields of unbalanced translocation
products will be about twice these.
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39. Information from both man and the mouse
suggests that many of these unbalanced zygotes will
dic at such an carly stage in pregnancy that they
will lead, at most, to a missed menstrual period. The
groportgon _surviving to prorice abnormal new-born
abies is difficult to estimate at present, but is likely
to be less than 6 per cent. Therefore one to two
additional abnormal babies per million would be
expected per rad of paternal exposure at low doses
or dose rates. Although a similar estimate cannot yet
be made with confidence for maternal exposure, it
seems unlikely that risks will be much higher.

40. Translocations are only one category of chromo-
somal aberration. Those occurring spontaneously (in
bqlanced or unbalanced form) represent about one
third of all the chromosome aberrations observed in
new-born babies. Information from the mouse suggests
that very few of the other aberrations (e.g. gains or
losses of chromosomes) are likely to be transmitted
to the next generation after irradiation of the male
because the reproductive cells carrying them will be
climinated before they mature. In the female, however,
some are transmitted. Thus evidence from the mouse
suggests that irradiation of females at low dose rates
results in eight additional zygotes with the XO constitu-
tion per million (i.e. with a missing sex chromosome).

41. Most of these cases will die before birth; those
surviving will be sterile and will have certain other
symptoms (Turner’s syndrome). No doubt loss of
other chromosomes will also occur, but these are likely
to be associated with such early embryonic death
that they may not constitute a significant risk to live-
born children. Gains of chromosomes form an important
component of the human genetic burden. They may be
induced by irradiation, especially of females, but
positive evidence is lacking so far.

42. Thus in summary, gene mutations are induced
at higher frequencies than chromosome aberrations;
furthermore chromosome aberrations will be eliminated
after a few generations, whereas gene mutations may
persist through many more generations thereby affecting
a larger number of individuals.

C. ESTIMATES OF GENETIC DAMAGE IN RELATION TO
THE SPONTANEOUS INCIDENCE OF GENETIC
DISEASE

43. While the above estimates provide assessments
of the risk of induction of mutations, they do not
necessarily provide a useful method of evaluating the
harm which is experienced by society. The Committee
feels that it can also present an estimate of risk of
mutation per unit of radiation dose in relation to the
natural incidence of genetic disorders observed in man.
This was first attempted in the Committee's 1958
report, but confidence in the methodology was not
sufficiently great to justify its continued use. Recently,
however, experimental work with the mouse has sug-
gested that in males five major indices of mutation are
increased, under conditions of acute irradiation, by
about 3 per cent per rad. For low-dose or chronic
irradiation, the expected increase will be about ! per
cent per rad. Because all these indices of induced
mutation have approximately the same rate of increase
relative to the spontaneous rate, the Committec feels
it may revive this method of assessment with renewed
confidence, although it still recognizes that numerous
qualifications are necessary.

44. It has been estimated that about 4 per cent
of all live-born children suffer from various forms of
genetically determined discases, of which about 2 per
cent appear to follow simple rules of inheritance. The
other 2 per cent have a more complex mode of
transmission. For computational purposes a figure o
3 per cent will be used. Therefore the natural incidence
of hereditary diseases maintained by receving mutatior
is estimated at 30,000 per million Live ouuts.

45. The mutations responsible for that incidence
would increase by about 300 per rad under conditions
of chronic exposure of males in a parental generation.
Up to 20 of these new mutations would contribute to
the incidence of hereditary diseases among the immie-
diate descendants of the irradiated males, while the
contribution of the remaining new mutations would
be distributed over many subsequent generations of
descendants.
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Chapter II

EFFECTS OF RADIATION ON THE IMMUNE RESPONSE"

46. The immune system provides the main defence
mechanisms of the body against infectious agents or
their products. The system recognizes what is foreign
to the body, and responds by destroying or neutraliz-
ing it: it does not distinguish between “forcign-good”
and “forcign-bad”. Sometimes, therefore, it stands in
the way of medically desirable objectives, such as the
acceptance of needed tissue or organ transplants.
Sometimes, too, the net effects of the immune reaction
are themselves undesirable, as in allergies and other
immunopathological disorders. Sometimes the system
goes awry and reacts to the body's own components,
producing auto-immune diseasc.

47. Becausc of the many values, “good™ and “bad™,
associated with the immune system, affecting it by
irradiation has great human significance in numerous
contexts. For example, depressing immune responsive-
pess by irradiation reduces the ability to acquire
resistance to bacterial, rickettsial and parasitic infections
or to neutralize bacterial toxins, and is therefore an
undesirable effect of radiation. But depressing immune
responsivencss by some means is desirable. even neces-
sary, if organ transplants are to be accomplished.
Suppressing or controlling allergy, hypersensitivity,
immunopathological disorder, and auto-immune discase
are other important medical objectives.

48. The concept that the immune system evolved
only to protect the body against administered forcign
agents has becn questioned. There is a growing body
of data from both experimental animal, and human
clinical, studies which indicates that in cancer the
malignant cells are recognized as foreign by the indi-
vidual's own immune system, and that lymphocytes in
the host may be directed against tumour cells. The
existence of specific serum factors which react with
cancer cells has also beer recognized, and in some
instances these may protect cancer cells from the action
of potentially lethal lymphocytes. Most of the recent
data in this ficld have considered the immune response
as reacting against an already existing cancer, and
in at least some situations it is clear that radiation-
induced immune depression permits an increased rate
of growth of the cancer. The more critical unanswered

10 For details, see annex F.

question is whether immuno-suppression may be an
important factor in the radiation-induction of cancer.

49. There have been extensive studies of the effects
of radiation on the immune response in experimental
animals, but relatively few observations have been
made on the radio-sensitivity of the cells involved in
the immune responsc in man. Limited data arc avail-
able from Hiroshima and Nagasaki and from patients
given extensive radio-therapy for malignancy. Com-
parative studies among many animal specics indicate
that the radio-scnsitivity of a given cell type in the
immune system is similar for most species studied.
The results of many of these studics can probably be
applied directly to man. The relatively recent avail-
ability of in vitro techniques for analysing the immune
response may now permit direct dose-effect studies to
be made with human lymphocytes and other cell types
involved in the human response. However, even if it
were determined that similar radio-sensitivities of cell
types existed for man and animals, it still could not
Ye safely concluded that the immune response will show
a similar dosc-effect relationship in animals and man,
because many factors are involved that cannot be
accounted for at the cellular level alone. These include
the extent of previous antigenic exposure of the indi-
vidual (the secondary response as a whole being
relatively more radio-resistant in vivo), the type and
dose of antigen, and the interval between antigenic
challenge and irradiation.

50. The immune system appears to have large built-
in factors of safety, so that it can withstand substantial
ipjury and recover from damage. Although effects on
human lymphocytes in culture have been noted even
at doses of 10 rads,!! the observable damage to the
immune system such as changes in antibody formation
resulting from whole-body doses of the order of tens
of rads is unlikely to be the effect causing the greatest
concern. At doses in the range of 100 rads to the whole
body, damage to the immune system leads to an
increase in susceptibility to infection, and when whole-
body doses approach and exceed 200 rads, damage to
the immune system is a very important effect of irradia-
tion as expressed, for example, in increased risk of
mortality from infection.

11| rad ~ 10 times the annual dose received from natural
sources.
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Chapter IV

RADIATION CARCINOGENESIS"

51. While experiments with animals suggest that
malignant transformations may occur in most mam-
malian tissues if they are exposed to sufficient radia-
tion doses, the number of people exposed to substantial
doses is so small that the relationship between dosc
and incidence of malignancies in man can only be
studied for the most radio-sensitive tissues. By far the
largest and most informative groups of irradiated
subjects continue to be the survivors of the atomic
bombings at Hiroshima and Nagasaki. To these must
be added scveral groups of paticnts treated by radio-
therapy and followed up for several decades, and a few
groups of workers exposed to radiation in the course
of their occupation—especially underground uranium
miners. Children exposed while in utero, in the course
of radiological examinations of their pregnant mothers,
form a special category.

52. Leukamia is thc best known of the radiation-
induced malignancies. All cvidence indicates that the
incidence of certain types of leukzmia increases with
dose as a result of post-natal irradiation at high dose
rate in the 50-500 rad interval.'* At higher doses the
rise in frequency decreases, possibly because an in-
creasingly large fraction of cells that would othcrwise
become lcukzmic are destroved by radiation. Radiation-
induced leukzmias tend to occur most frequently within
a few years after exposure and, after 25 vears, the
frequency tends to return to the levels expected in
the absence of irradiation. By that time some 15-40
cases of lcuk@mias per rad' per million exposed have
been observed.

53. Lung cancers appear to have been induced at
Hiroshima by doses estimated on the basis of crude
assumptions to be equivalent to some 30 rads of
external gamma radiation dclivered at high dose rate,
and to have increased with dose up to a dose of about
100 rads. The higher incidence of this type of cancer
among irradiated pcople has been revealed by other
surveys also but it is not yet known whcther the
increase, which starts some 15 years after irradiation,
will be sustained for a long time or will eventually
subside. Taken at face value, however, the data indicate
that from 10 (at 250 rad) to 40 (at 30 rad) cases
of cancer per rad per million exposed develop during
the first 25 years after exposure to high-dose-rate
gamma radiation.

54, Information is available also on the induction
of thyroid and breast cancers. Because those affected
by these cancers have long survival times, only in the
very long run do mortality data reflect the incidence
of these tumours. Thus, while breast cancer mortality
at Hiroshima suggests a risk of 6-20 cases per million
per rad in the first 25 years after irradiation among

12 For details, see annexes G and H. i
131 rad ~ 10 times the annual dose received from natural

sources.
14 The estimate applies to doses between 60 and 400 rads of

gamma rays.

women exposed to between 60 and 400 rads, this is
probably an underestimate of the total yield. For
thyroid cancers, an average figure of about 40 cases
per million per rad in the same range of doses over
the same period of time is obtained from more reliable
morbidity data, but the estimate has large uncertainties
duc to the small number of cases observed. As for lung
tumours, there is no information as to whether the
increased annual incidence ot tumours in the irradiated
populations will subside and when.

55. Many surveys of externally irradiated people
confirm an increase in other types of cancer taken
together, although it is not possible at thiy stage to
identify the specific types whose frequency is enhanced.
Among the survivors of the atomic bombing at Hiro-
shima there is a clear trend for mortality from malig-
nancies other than leukemia and lung and breast
cancers to increase with increasing dose, but guantita-
tive estimates of the rate of incrcasc are hampered
by our ignorancc of the doses to the tissues concerned.
Only a tentative estimate of 40 cases of cancers (other
than leuka@mias and breast and lung cancer) per rad
per million occurring during the first 25 vears after
exposure to 250 rads can be advanced ovn the basis
of crude assumptions about tissue doses. Here also it
is not known how many additional cases may develop
at times later than 25 years.

56. In considering these estimates it must be clearly
borne in mind that they are based on observations
made after doses of at least tens of rads delivered at
high dose rates. These dose rates, and occasionally
these doses, are of the order of those that can be
received in the course of certain radiological  pro-
cedures carricd out on medical indications, but much
higher than those at which we are imadiated by
environmental sources, both natural and man-made.
It is a marttgr of speculation whether doses of the
order of those received continuously from  natural
sources may have similar cflects. Animal experiments
suggest thac the yield of tumours per unit dose should
be lower at very low doses, except when the target
tissue has a susceptibility to radiation induction of
malignancies much higher than has been observed in
man. Animal experiments also indicate that radiation
given continuously or in several fractions is usually less
carcinogenic than if administered in a single dose within
a short period of time. The figures given in the preced-
ing paragraphs are thereforc likely to be overestimates
of the risk of doses and dose rates such as are received
from environmental sources.

57. Studies of peoplc .aposed to internal irradiation
at substantial doses are few. They concern workers and
patients contaminated with radium isotopes and miners
exposed to radon gas. Radium-226 is deposited in
bones, irradiates bone-forming cells continuously at a
decreasing rate for decades after being absorbed into
the body and gives rise to bone tumours. Radium-224
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causes similar effects after a shorter period of irra-
diation.

58. Miners exposed to high levels of radon and its
radio-active daughters show a very high incidence of
lung cancers. The frequency appears to rise in pro-
portion to the level and duration of exposure. The
range of exposures within which the increased incidence
has been reported corresponds to doses of at Icast a
few hundred rads of alpha radiation. However, dosi-
metry is difficult and the role of other carcinogenic
factors such as smoking habits has not yet been fully
assessed.

59. The effects of pre-natal irradiation have beer
the subject of much rescarch. A number of larg
surveys of children that were exposed to radiation for
medical reasons before birth, and that must haw
received thereby doses of at most a few rads at higl
dose rate, indicate that pre-natal irradiation is associate
with a significant increase of the risk of malignancic:
in the first 10 years of life. The extent to which the
increased risk of malignancies in the medically irra
diated is due to radiation rather than to an associatior
with the cause that prompted the irradiation must stil
be considered as open.
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Annex 9

UNITED NATIONS GENERAL ASSEMBLY RESOLUTION 1762 A (XVII) oF
6 NOVEMBER 1962 ON ““THE URGENT NEED FOR SUSPLNSION OF
NUCLEAR AND THERMONUCLEAR TESTS™

The General Assembly,

Deeply concerned with the continuation of nuclear weapon tests,

Fully conscious that world opinion demands the immediate cessation of all
nuclear tests,

Viewing with the wtmost apprehension the data contained in the report of the
United Nations Scientitic Committee on the Effects of Atomic Radiation,

Considering that the continuation of nuclear weapon tests is an important
factor in the acceleration of the arms race and that the conclusion of an agree-
ment prohibiting such tests would greatly contribute to paving the way towards
general and complete disarmament,

Recalling its resolution 1648 (XVI) of 6 November 1961, whereby the States
concerned were urged to refrain from further nuclear weapon test explosions
pending the conclusion of necessary internationally binding agreements with
regard to the cessation of tests,

Noting with regret that the States concerned have not responded to the appeal
contained in the aforementioned and in other relevant resolutions and that,
despite its cfforts, the Conference of the Eighteen-Nation Commitlee on
Disarmament, referred to in General Assembly resolution 1722 (XVI) of 20
December 1961, is not yet in a position to report agreement on this vitally
important issue,

Recalling that, in resolution 1649 (XVI) of 8§ November 1961, the General
Assembly reaffirmed that an agreement prohibiting all nuclear weapon tests
would inhibit the spread of nuclear weapons to other countries and would
contribute to the reduction of international tensions,

Noting that, among the States represented in the Sub-Committee on a
Treaty for the Discontinuance of Nuclear Weapon Tests of the Eighteen-
Nation Committee, basic agrcement now prevails as regards the question of
control of tests in the atmosphere, in outer space and under water,

Noting further that the proceedings of the Eighteen-Nation Committee
indicate a somewhat enlarged area of agreement on the question of effective
control of underground tests,

Considering that the memorandum of 16 April 1962, submitted to the
Eighteen-Nation Committee by the delegations of Brazil, Burma, Ethiopia,
India, Mexico, Nigeria, Sweden and the United Arab Republic, represents a
sound, adequate and fair basis for the conduct of negotiations towards re-
moving the outstanding differences on the question of eflective control of
underground tests,

Welcoming the intention to find a speedy scttlement of the remaining difler-
ences on the question of the cessation of nuclear tests, declared in the letter
dated 27 October 1962 from Mr. Khrushchev, Chairman of the Council of
Ministers of the Union of Soviet Socialist Republics, to Mr. Kennedy, President
of the United States of America, in the letter dated 28 October 1962 from Mr.
Kennedy to Mr. Khrushchev, and in the letter dated 28 October 1962 from
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Mr. Macmillan, Prime Minister of the United Kingdom of Great Britain and
Northern Treland, to Mr. Khrushcheyv,

Convineed that no efforts should be spared to achieve prompt agreement on
the cessation of all nuclear tests in all environments,

I. Condemns all nuclear weapon tests;

2. Asks that such tests should cease immediately and not later than [ January
1963;

3. Urges the Governments ol the Union of Soviet Socialist Republics, the
United Kingdom of Great Britain and Northern Ireland and the United States
of America to settle the remaining differences between them in order to achieve
agreement on the cessation of nuclear testing by 1 January 1963, and to issue
instructions to their representatives on the Sub-Committee on a Treaty for the
Discontinuance of Nuclear Weapon Tests to achieve this end;

4. Endorses the eight-nation memorandum of 16 April 1962 as a basis for
negotiation;

5. Calls upon the partics concerned, taking as a basis the above-mentioned
memorandum and having regard to the discussions on this item at the seven-
teenth session of the General Assembly, 1o negotiate ina spirit of mutual under-
standing and concession in order to reach agreement urgently, bearing in mind
the vital interests of mankind:

6. Reconnmends that if, against all hope, the parties concerned do not reach
agreement on the cessation of all tests by 1 January 1963, they should enter
into an immediate agreement prohibiting nuclear weapon tests in the atmo-
sphere, in outer space and under water, accompanicd by an interim arrangement
suspending all underground tests, taking as a basis, the cight-nation memo-
randum and taking into consideration other proposals presented at the seven-
teenth session of the General Assembly, such interim agreement to include
adequate assurances for effective detection and identification of seismic events
by an international scientitic commission;

7. Requests the Conference of the Eighteen-Nation Committee on Disar-
mament to reconvene not later than 12 November 1962, to resume negotiations
on the cessation of nuclear testing and on general and complete disurmament,
and to report to the General Assembly by 10 December 1962 on the results
achicved with regard to the cessation of nuclear weapon tests.
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Annex 10

TREATY BANNING NUCLEAR WEAPON TESTS IN THE ATMOSPHERE,
IN OUTER SPACE AND UNDER WATER

The Governments of the United States of America, the United Kingdom of

Grcqt Britainand Northern Ireland, and the Union of Soviet Socialist Republics
hereinafter referred to as the “original partics™, -

Proclaiming as their principal aim the speediest possible achievement of an
agreement on general and complete disarmament under strict international
control in accordance with the objectives of the United Nations which would
put an end to the armaments race and climinate the incentive to the production
um! lcs}ing of all kinds of weapons, including nuclear weapons,

Secking to achicve the discontinuance of all test explosions of nuclear
weapons for all time, determined to continue negotiations to this end. and
des‘lrlng to put an end to the contamination of man’s environment by radio-
active substances,

Have agreed as follows:

Article 1

1. Each of the parties to this treaty undertakes to prohibit, to prevent, and
not to carry out any nuclcar weapon test explosion, or any other nuclear ex-
plosion, at any place under its jurisdiction or control:

(a) !n the atmosphere; beyond its limits, including outer space; or under water
including territorial waters or high scas; or ‘

(b) in any other environment if such explosion causes radioactive debris to be
present outside the territorial limits of the State under whose jurisdiction
or control such explosion is conducted. Tt is understood in this connection
thul.lhc provisions of this subparagraph are without prejudice to the con-
clusnox? of a treaty resulting in the permancent banning of all nuclear test
cxplosnons, including all such explosions underground, the conclusion of
which, as the Partics have stated in the Preamble to this Treaty, they seek
to achieve.

2.'Each of the I?urtics to this Treaty undertakes furthermore to refrain from
causing, encouraging, or in any way participating in, -the carrying out of any
nuclear weapon test explosion, or any other nuclear explosion, anywhere which
would take place in any of the environments described, or have the effect
referred to, in paragraph 1 of this Article.

Article 11

1. Any Party may proposc amendments to this Treaty. The text of any pro-
posed .amcndmcnt shall be submitted to the Depositary Governments which
shall urcglatc it to all Partics of this Treaty. Thercafter, if requested to do so
by one-third or more of the Parties, the Depositary Governments shall convene
a cor:ference, to which they shall invite all the Partics, to consider such amend-
ment.

2. Any amendment to this Treaty must bc approved by a majority of the
votes of all the Parties to this Treaty, including the votes of all the Original
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Partics. The amendment shall enter into force for all Parties upon the deposit
of instruments of ratification by a majority of all the Parties, including the
instruments of ratification of all the Original Partics.

Article 111

1. This Treaty shall be open to all States for signature. Any State which does
not sign this Treaty before its entry into force in accordance with paragraph
3 of this Article may accede to it at any time.

2. This Treaty shall be subject to ratification by signatory States. Instruments
of ratification and instruments of accession shall be deposited with the Govern-
ments of the Original Parties—the United States of America, the United King-
dom of Great Britain and Northern Ircland, and the Union of Soviet Socialist
Republics —which are hereby designated the Depositary Governments.

3. This Treaty shall enter into force after its ratification by all the Original
Partics and the deposit of their instruments of ratification.

4. For States whose instruments of ratification or accession are deposited
subsequent to the entry into force of this Treaty, it shall enter into force on the
date of the deposit of their instruments of ratification or accesston.

5. The Depositary Governments shall promptly inform all signatory and
acceding States of the date of cach signature, the date of deposit of cach instru-
ment of ratification of and accession to this Treaty, the date of its entry into
force, and the date of receipt of any requests for conferences or other notices.

6. This Treaty shall be registered by the Depositary Governments pursuant
to Article 102 of the Charter of the United Nations.

Article 1V

This Treaty shall be of unlimited duration.

Fach Party shall in exercising its national sovereignty have the right to with-
draw from the Treaty if it decides that extraordinary events, related to the
subject-matter of this Treaty, have jeopardized the supreme interests of its
country. It shall give notice of such withdrawal to all other Partics to the Treaty
three months in advance.

Article 'V

This treaty, of which the English and Russian texts are equally authentic,
shall be deposited in the archives of the Depositary Governments. Duly certified
copies of this Treaty shall be transmitted by the Depositary Governments to the
Governments of the signatory and acceding States.

In witness whereofl the undersigned, duly authorized, have signed this Treaty.

Done in triplicate at the city of Moscow the fifth day of August, one thousand
nine hundred and sixty-three.
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Annex 11

UNITED NATIONS GENERAL ASSEMBLY RESOLUTION 1910 (XVIII)
OF 27 NOVEMBER 1963 ON THE “"URGENT NEED FOR SUSPINSION
OF NUCLEAR AND THERMONUCLEAR TESTS™

The General Assembly,

Fully aware of its responsibility with regard to the question of nuclear weapon
testing and of the views of world public opinion on this matter,

Noting with approval the Treaty banning nuclear weapon tests in the at-
mosphere, in outer space and under water, signed on 5 August 1963 by the
Union of Soviet Socialist Republics, the United Kingdom of Great Britain and
Northern Irclund and the United States of America, and subsequently by a
great number of other countries,

Noting further with satisfuction that in the preamble of that Treaty the parties
state that they are secking to achieve the discontinuance of all test explosions
of nuclear weapons for all time and are determined to continue negotiations to
this end,

[. Calls upon all States to become parties to the Treaty banning nuclear
weapon tests in the atmosphere, in outer space and under water, and to abide
by its spirit and provisions;

2. Requests the Conlerence of the Eighteen-Nation Committee on Disarma-
ment to continue with a sensc of urgency its negotiations to achieve the objectives
set forth in the preamble of the Treaty:

3. Requests the Eighteen-Nation Committee to report to the General
Assembly at the earliest possible date and, in any event, not later than at the
nineteenth session;

4. Requests the Secretary-General to make available to the Eighteen-Nation
Committee the documents and records of the plenary meetings of the General
Assembly and the mectings of the First Committee at which the item relating
to nuclear testing was discussed.
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Annex 12

UNITED NATIONS GENERAL ASSEMBLY RESOLUTION 2032 (XX) OF
3 DECEMBER 1965 ON THE **URGENT NEED FOR SUSPENSION
OF NUCLEAR AND THERMONUCLEAR TESTS”

The General Assembly,

Having considered the question of the cessation of nuclear and thermonuclear
weapon tests and the relevant sections of the reports of the Conference of the
Eighteen-Nation Committee on Disarmament,

Recalling its resolutions 1762 (XVIT) of 6 November 1962 and 1910 (XVIII)
of 27 November 1963 on the cessation of all test explosions of nuclear weapons,

Noting with regret that notwithstanding these resolutions nuclear weapon
tests have taken place,

Recalling the undertaking given by the original signatories to the Treaty
banning nuclear weapon tests in the atmosphere, in outer space and under
water, signed at Moscow on 5 August 1963, to continue necgotiations for the
discontinuance of all test explosions of nuclear weapons for all time,

Recognizing the mounting concern of world opinion for the fulfilment of this
undertaking,

Mindful of the crucial importance of a comprehensive test ban to the issue
of non-proliferation of nuclear weapons,

Noting with satisfaction the joint memorandum on a comprehensive test ban
treaty submitted by Brazil, Burma, Ethiopia, India, Mexico, Nigeria, Sweden
and the United Arab Republic and annexed to the report of the Conference of
the Eighteen-Nation Committee on Disarmament,

Convinced that agreement in regard to taking this further step towards nuclear
disarmament would be facilitated, inter alia, by the important improvements
made in detection and identification techniques,

1. Urges that all nuclear weapon tests be suspended;

2. Calls upon all countrics to respect the spirit and provisions of the Treaty
banning nuclear weapon tests in the atmosphere, in outer space and under
waler;

3. Requests the Conference of the Eighteen-Nation Committee on Disarma-
ment to continue with a sensc of urgency its work on a comprehensive test ban
treaty and on arrangements to ban effectively all nuclear weapons tests in all
environments, taking into account the improved possibilities for international
co-operation in the field of seismic detection, and to report to the General
Assembly.
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Annex 13

UNITED NATIONS GENERAL ASSEMBLY RESOLUTION 2163 (XXI) or
5 DECEMBER 1966 ON THE “URGENT NEED FOR SUSPENSION
OF NUCLEAR AND THERMONUCLEAR TESTS™

The General Assembly,

Having considered the question of the cessation of nuclear and thermonuclear
weapon tests and the report of the Conference of the Eighteen-Nation Committee
on Disarmament,

Recalling its resolutions 1762 (XVII) of 6 November 1962, 1910 (XVII) of
27 November 1963 and 2032 (XX) of 3 December 1965,

Recalling further the joint memorandum on a comprehensive test ban treaty
submitted by Brazil, Burma, Ethiopia, India, Mexico, Nigeria, Sweden and the
United Arab Republic and annexed to the report of the Conference of the
Eighteen-Nation Commitice on Disarmament, and in particular the concrete
suggestions contained therein,

Noting with great concern the fact that all States have not yet adhered 1o the
Treaty banning nuclear weapon tests in the atmosphere, in outer space and
under water, signed in Moscow on 5 August 1963,

Noting also with great concern that nuclear weapon tests in the atmosphere
and underground are continuing,

Taking into account the possibilitics of establishing, through international
co-operation, an exchange of seismic data so as to create a better scientific basis
for national evaluation of seismic events,

Recognizing the importance of seismology in the verilication of the observance
of a treaty banning underground nuclcar weapon tests,

Realizing that such a treaty would also constitute an effective measure to
prevent proliferation of nuclear weapons,

1. Urges all States which have not done so to adhere to the Treaty banning
nuclear weapon tests in the atmosphere, in outer space and under witer:

2. Calls upon all nuclear-weapon States 1o suspend nuclear weapon tests in
all environments;

3. Expresses the hope that States will contribute to an cftfective international
exchange of seismic data;

4. Requests the Conference of the Eighteen-Nation, Committee on Dis-
armament to elaborate without any further delay a treaty banning underground
nuclear weapon tests.
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Annex 14

UNITED NATIONS GENERAL ASSEMBLY RESOLUTION 2343 (XXID) or
19 DrceMBeR 1967 ON THE “URGENT NEED FOR SUSPENSION
OF NUCLEAR AND THERMONUCLEAR TeSTS”

The General Assembly,

Having considered the question of the urgent need for suspension of nuclear
and thermonuclear tests and the interim report of the Conference of the Eighteen-
Nation Committee on Disarmament,

Recalling its resolutions 1762 (XVID of 6 November 1962, 1910 (XVIII) of
27 November 1963, 2032 (XX) of 3 December 1965 and 2163 (XXI) of 5
December 19606,

Noting with regrer the fact that all States have not yet adhered to the Treaty
banning nuclear weapon tests in the atmosphere, in outer space and under
water, signed in Moscow on 5 August 1963,

1\'011'11‘1; with incereasing concern that nuclear weapon tests in the atmosphere
and underground are continuing, .

Tuhing into uccount the existing possibilities of establishing, through inter-
national co-operation, an exchange of scismic data, so as to create a better
scientilic basis for national evaluation of scismic events,

Recognizing the importance of seismology in the verification of the observance
ol a treaty banning underground nuclear weapon tests,

Realizing that such a treaty would also constitute an eflective measure to
prevent the proliferation of nuclear weapons,

1. Urges all States which have not done so to adhere without further delay
to the Treaty banning nuclear weapon tests in the atmosphere, in outer space
and under water; '

2. Calls upon all nuclear-weapon States to suspend nuclear weapon tests in
all environments; - .

3. Evpresses the hope that States will contribute to an effective international
exchange of seismic data; . '

4. Requests the Conference of the Eighteen-Nation Committee on Disarma-
ment to take up as a matter of urgency the claboration of a treaty banning
underground nuclear weapon tests and to report to the General Assembly on
this matter at its twenty-third session.
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Annex 15

UNITED NATIONS GENERAL ASSEMBLY RESOLUTION 2455 (XXIII) oF
20 DECEMBER 1968 ON THE ““URGENT NEED FOR SUSPENSION
OF NUCLEAR AND THERMONUCLEAR TESTS”

The General Assembly,

Having considered the question of the urgent need for suspension of nuclear
and thermonuclear tests and the report of the Conference of the Eighteen-
Nation Committee on Disarmament,

Recalling its resolutions 1762 (XVII) of 6 November 1962, 1910 (XVIN) of
27 November 1963, 2032 (XX) of 3 December 1965, 2163 (XXIT) of 5 December
1966 and 2343 (XXII) of 19 December 1967,

Recalling further the joint memorandum on a comprehensive test ban treaty
submitted on 26 August 1968 by Brazil, Burma, Ethiopia, India, Mexico,
Nigeria, Sweden and the United Arab Republic and annexed to the report of the
Conference of the Eightecen-Nation Committee on Disarmament,

Noting with regret the fact that all States have not yet adhered to the Treaty
Banning Nuclear Weapon Tests in the Atmosphere, in Outer Space and Under
Water, signed in Moscow on 5 August 1963,

Noting with increasing concern that nuclear weapon tests in the atmosphere
and underground are continuing,

Taking into account the existing possibilitics of establishing, through inter-
national co-operation, a voluntary exchange of seismic data so as to create a
better scientific basis for a national evaluation of scismic cvents,

Recognizing the importance of seismology in the verification of the observance
of a treaty banning underground nuclear weapon tests,

Noting in this connection that experts from various countries, including four
nuclear-weapon States, have recently met unoflicially to exchange views and
hold discussions in regard to the adequacy of scismic methods for monitoring
underground explosions, and the hope expressed that such discussions would
be continued,

1. Urges all States which have not done so to adhere without further deluy
to the Treaty Banning Nuclear Weapon Tests in the Atmosphere, in Outer
Space and Under Water;

2. Calls upon all nuclear-weapon States to suspend nuclear weapon tests in all
environments;

3. Expresses the hope that States will contribute to an cilective international
exchange of seismic data;

4. Requests the Conference of the Eightecen-Nation Committee on Disarma-
ment to take up as a matter of urgency the claboration of a treaty bunning
underground nuclear weapon tests and to report to the General Assembly on
this matter at its twenty-fourth scssion.
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Annex 16

UnHeD NATIONS GENERAL AsstMmBLY ResorutioN 2604 B (XXIV) or
16 DrcEMBER 1969 ON THE “"URGENT NLED FOR SUSPENSION
OF NUCLLAR AND THERMONUCLEAR Tesis™

The General Assembly,

Having considered the question of the urgent need for suspension of nuclear
and thermonuclear tests and the report of the Conference of the Committee on
Disarmament,

Recalling its resolutions 1762 (XVIT) of 6 November 1962, 1910 (XVIID
of 27 November 1963, 2032 (XX) of 3 December 1965, 2163 (XXT) of 5 Decem-
ber 1960, 2343 (XXID) of 19 December 1967 and 2455 (XXITID of 20 December
1968,

Noting with regrer the fact that all States have not yet adhered to the Treaty
Banning Nuclear Weapon Tests in the Atmosphere, in Quter Space and Under
Water, signed in Moscow on § August 1963,

Noting with increasing concern that nuclear weapon tests in the atmosphere
and underground are continuing,

Taking into uccount that several concerete suggestions have recently been set
forth in the Conference of the Committee on Disarmament as (o possible
provisions for a treaty banning underground nuclear weapon tests,

1. Urges all States which have not done so to adhere without further delay
to the Treaty Banning Nuclear Weapon Tests in the Atmosphere, in Outer
Space and Under Water:

2. Calls upon all nuclear-weapon States to suspend nuclear weapon tests in
all environments;

3. Reguests the Conlerence of the Commitiee on Disarmament (o continue,
as a matter of urgency, its deliberations on a treaty banning underground
nuclear weapon tests, taking into account the proposals already made in the
Conference as 1o the contents of such a treaty, as well as the views expressed at
the current session of the General Assembly, and to submit a special report
to the Assembly on the results of its deliberations.



128 NUCLEAR TESTS

Annex 17

UNITED NATIONS GENERAL ASSEMBLY RESOLUTION 2663 B (XXV) oF
7 DECEMBER 1970 ON THE “"URGENT NEED FOR SUSPENSION O}
NUCLEAR AND THERMONUCLEAR TESTS™

The General Assembly,

Having considered the question of the urgent need for suspension of nuclear
and thermonuclear tests and the report of the Conference of the Committee
on Disarmament,

Recalling its resolutions 1762 (XVII) of 6 November 1962, 1910 (XVII)
of 27 November 1963, 2032 (XX) of 3 December 1965, 2163 (XX1) of S Decem-
ber 1966, 2343 (XXIT) of 19 December 1967, 2455 (XX of 20 December 1968
and 2604 B (XXIV) of 16 December 1969,

Noting with regret that all States have not yet adhered to the Treaty Banning
Nuclear Weapon Tests in the Atmosphere, in Outer Space and Under Water,
signed in Moscow on 5 August 1963,

Noting with increasing concern that nuclear weapon tests in the atmosphere
and underground arc continuing,

Taking into account that several concrete suggestions have been set forth in
the Conference of the Committee on Disarmament as to possible provisions in a
treaty banning underground nuclear weapon tests,

1. Urges all States that have not yet done so to adhere without further delay
to the Treaty Banning Nuclear Weapon Tests in the Atmosphere, in Outer
Space and Under Water;

2. Calls upon all nuclear-weapon States to suspend nuclear weapon tests in all
cnvironments;

3. Requests the Conference of the Committee on Disarmament to continue,
as a matter of urgency, its deliberations on a treaty bunning underground
nuclear weapon tests, taking into account the proposals alrcady made in the
Conference as well as the views expressed at the current session of the General
Assembly, and to submit to the Assembly at its twenty-sixth session a special
report on the results of its deliberations,
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Annex 18

UNITED NATIONS GENLRAL ASSEMBLY Risortnion 2828 (XXVI) or
16 Drcemper 1971 oN THE “URGENT NEED FOR SUSPENSION
OF NUCLEAR AND THERMONUCLEAR Tesrs”

A

The General Assembly,

Viewing with the utmost appreliension the harmful consequences of nuclear
weapon tests for the acceeleration of the arms race and for the health of present
and future generations of mankind,

Fully conscious that world opinion has, over the years, demanded the im-
mediate and complete cessation of all nuclear weapon tests in all environments,

Recalling that the item on the question of a comprehensive test ban has been
included in the agenda of the General Assembly every year since 1957,

Deploring the fact that the General Assembly has not yet suceeeded in its
aim ol achieving a comprehensive test ban, despite 18 successive resolutions on
the subject.,

Noting with regret that all States have not yet adhered to the Treaty Banning
Nuclear Weapon Tests in the Atmosphere, in Outer Space and Under Water,
signed in Moscow on 5 August 1963,

Deploring the Tact that the determination expressed by the original parties to
that Treaty to continue negotiations to achieve the discontinuance of all test
evplosions of nuclear weapons for all time has not so far produced the desired
results,

Noting with special concern that the continuation of nuclear weapon tests in
the atmosphere is a source of growing pollution and that the number and
magnitude of underground tests have increased at an alarming rate since 1963,

Having considered the special report submitted by the Conference of the
Committee on Disarmament in response to General Assembly resolution
2663 B (XXV) of 7 December 1970,

Recalling its resolution 1762 A (XVID of 6 November 1962, whereby all
nuclear weapon tests, without exception, were condemned,

Convineed that, whatever may be the dilferences on the question of verifica-
tion, there is no valid reason for delaying the conclusion of a comprehensive
test bun of the nature contemplated in the preamble to the Treaty Banning
Nuclear Weapon Tests in the Atmosphere, in Quter Space and Under Water,

1. Reiterates solemnly and most emphatically its condemnation of all nuclear
WCapon tests;

2. Urges the Governments of nuclear-weapon States to bring to a halt all
nuclear weapon tests at the carliest possible date and, in any case, not later than
S August 1973;

3. Reguests the Scecretary-General to transmit the present resolution to the
nuclear-weapon States and to inform the General Assembly at its twenty-
seventh session of any measures they have taken to implement it.

B
The General Assembly,
Noting that one of the first steps in the strengthening of international security
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is to dissipate world-wide fears that nuclear, thermonuclear and other weapons
of mass destruction may be used by miscalculation in what could appear to be
a desperate situation,

Considering that for the last few years the United Nations has been pre-
occupied with finding ways and means of diminishing the pollution of the carth’s
atmosphere,

Noting that scientists have been unanimous in the conclusion that the fall-
out from nuclear tests is injurious to human and animal life and that such fall-
out may poison the earth’s atmosphere for many decades to come,

Taking into account that underground nuclear and thermonuclear tests may
not only create serious health hazards but may also cause as yet undetermined
injury to humans and animals of the region where such tests are conducted,

Recognizing that there already exist suflicient nuclear, thermonuclear and
other lethal weapons of mass destruction in the arsenals of certain Powers to
decimate the world’s population and possibly render the earth uninhabitable,

1. Appeals to the nuclear Powers to desist from carrying out further nuclear
and thermonuclear tests, whether underground, under water or in the earth’s
atmosphere;

2. Urges the nuclear Powers to reach an agrcement without delay on the
cessation of all nuclear and thermonuclear tests;

3. Reassures the peoples of the world that the United Nations will continue to
raise its voice against nuclear and thermonuclear tests of any kind and carnestly
requests the nuclear Powers not to deploy such weapons of mass destruction.

C

The General Assembly,

Recognizing the urgent need for the cessation of nuclear and thermonuclear
weapon tests, including those carried out underground, :

Recalling that this subject has been included in the agenda of the General
Assembly every year since 1957,

Recalling in particular its resolutions 914 (X) of 16 December 1955, 1762
(XVII) of 6 November 1962, 1910 (XVIII) of 27 November 1963, 2032 (XX) of
3 December 1965, 2163 (XXI) of 5 December 1966, 2343 (XXII) of 19 December
1967, 2455 (XXIII) of 20 December 1968, 2604 (XXIV) of 16 December 1969
and 2663 (XXV) of 7 December 1970, }

Expressing serious concern that the objectives of those resolutions have not
been fulfilled,

Noting with regret that all States have not yet adhered to the Treaty Banning
Nuclear Weapon Tests in the Atmosphere, in Outer Space and Under Water,
signed in Moscow on 5 August 1963, and that some continue to test in the
atmosphere,

Taking into account the determination expressed by the parties to that Treaty
to continue negotiations to achieve the discontinuance of all test explosions of
nuclear weapons for all time,

Noting the appeal for progress on this issue, made by the Secretary-General
in the introduction to his report on the work of the Organization,

Noting with special concern that nuclear weapon tests in the atmospherc and
underground are continuing,

Having considered the special report submitted by the Conference of the
Committee on Disarmament in response to General Assembly resolution
2663 B (XXV),
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1. Stresses anew the urgency of bringing to a halt all nuclear weapon testing
in all environments by all States;

2. Urges all States that have not yet done so to adhere without further delay
to the Treaty Banning Nuclear Weapon Tests in the Atmosphere, in Outer
Space and Under Water and meanwhile to refrain from testing in the environ-
ments covered by that Treaty;

3. Calls upon all Governments that have been conducting nuclear weapon
tests, particularly those parties to the Treaty Banning Nuclear Weapon Tests
in the Atmosphere, in Outer Space and Under Water, immediately to undertake
unilateral or negotiated measures ot restraint that would suspend nuclear weapon
testing or limit or reduce the size and number of nuclear weapon tests, pending
the carly entry into torce of a comprehensive ban on all nuclear weapon tests in
all environments by all States;

4. Urges Governments to take all possible measures to devetop further, and
to use more elfectively, existing capabilities for the seismological identitication
of underground nuclear tests, in order to facilitate the monitoring of a com-
prehensive test ban;

5. Requests the Conference of the Committee on Disarmament to continue,
as a matter of high priority, its deliberations on a treaty banning underground
nuclear weapon tests, taking into account the suggestions already made in the
Conference as well as the views expressed at the current session of the General
Assembly

6. Requests particularly governments that have been carrying out nuclear
tests Lo take an active and constructive part in developing in the Conference of
the Committee on Disarmament, or in any successor body, specitic proposals
for an underground test ban treaty;

7. Lxpresses the hope that these efforts will enable all States to sign, in the
near future, a treaty banning underground nuclear weapon tests.
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Annex 19

RESOLUTION 3 (I) ADOPTED BY THE UNITED NATIONS CONFERENCE ON
THE HUMAN ENVIRONMENT, STOCKHOLM, 5 TO 16 JUNE 1972

Counsidering that there is radio-active ¢ inat;
1s radlo-active contamination of the envi ent ]
. environmen
nuclear weapons tests, t from
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i s that would otherwise
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N Cz')‘nlslgermg that the United Nations has endorsed world treatics such as the
: df‘(ll.d~ ~cs\t B'fm Treaty and the Scabed Denuclearization Treaty and regional
'rc:ji ll(fs.such as the Tlateloleo Treaty for the Denuclearization of Latin America
and has repeatedly called for the cessation of nuclear weapons {ests
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Annex 20

DECLARATION OF THE UNITED NATIONS CONFERENCE
ON THE HUMAN ENVIRONMENT

The United Nations Conference on the Human Environment,

Having met at Stockholm from 5 to 16 June 1972,

Having considered the need for a commaon outlook and for common principles
to inspire and guide the peoples of the world in the preservation and enhance-
ment of the human environment,

Proclaims that:

1. Man is both creature and moulder of his environment, which gives him
physical sustenance and affords him the opportunity for intellectual, morul,
social and spiritaal growth. In the long and tortuous evolution of the human
race on this planet a stage has been reached when, through the rapidacceleration
of science and technology, man has acquired the power to transform his ¢en-
vironment in countless ways on an unprecedented scale. Both aspects of man’s
environment, the natural and the man-made, are essential to his well-being and
to the enjoyment of basic human rights - even the right to life itself.

2. The protection and improvement of the human environment is a mijor
issue which attects the well-being of peoples and economic development through-
out the world: it is the urgent desire of the people of the whole world and the
duty of all governments.

3. Man has constantly to sum up experience and go on discovering. inventing,
creating and advancing. fn our time, man’s capability to transform his sur-
roundings, if used wisely, can bring o all peoples the benefits of development
and the opportunity to enhance the guality of life. Wrongly or heedlessly
applied, the same power can do incaleulable harm to human beings and the
human environment. We sce around us growing evidence of man-made harm
in many regions of the earth: dangerous levels of pollution in water. air, carth
and living beings: major and undesirable disturbances to the ecological balunce
of the biosphere; destruction and depletion of irreplaceable resources ; and gross
deficiencies harmful to the physical, mental and social health of man, in the
man-made environment. particularly in the living and working environment.

4. In the developing countries most of the environmental problems are caused
by under-deselopment. Millions continue to live far below the minimum levels
required for a decent human existence, deprived of adequate food and clothing,
shelter and education, health and sanitation. Therefore, the developing countries
must direct their efforts to development, bearing in mind their priorities and the
need to safeguard and improve the environment. For the same purpose, the
industrialized countries should make efforts to reduce the gap between them-
selves and the developing countrics. In the industrialized countries. environ-
mental problems are generally related to industrialization and technological
development.

S. The natural growth of population continuously presents problems on the
preservation of the environment, and adequate policies and measures should be
adopted, as appropriate, to face these problems. Of all things in the world,
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people are the most precious. It is the people that propel social progress, create
social wealth, develop science and technology and, through their hard work,
continuously transform the human environment. Along with social progress
and the advance of production, science and technology, the capability of man to
improve the environment increases with cach passing day.

6. A point has been recached in history when we must shape our actions
throughout the world with a more prudent care for their environmental con-
sequences. Through ignorance or indifference we can do massive and irreversible
harm to the carthly environment on which our life and well-being depend.
Conversely, through fuller knowledge and wiser action, we can achicve for
ourselves and our posterity a better life in an environment more in keeping with
human nceds and hopes. There are broad vistas for the enhancement of en-
vironmental quality and the creation of a good life. What is needed is an en-
thusiastic but calm state of mind and intense but orderly work. For the purpose
of attaining freecdom in the world of nature, man must use knowledge to build,
in collaboration with nature, a better environment. To defend and improve the
human cnvironment for present and future generations has become an impera-
tive goal for mankind —a goal to be pursued together with, and in harmony with,
the established and fundamental goals of peace and of world-wide ¢conomic
and social development.

7. To achieve this environmental goal will demand the acceptance of re-
sponsibility by citizens and communitics and by enterprises and institutions at
every level, all sharing equitably in common cforts. Individuals in all walks of
life as well as organizations in many ficlds, by their values and the sum of their
actions, will shape the world environment of the future. Local and national
governments will bear the greatest burden for large-scale environmental policy
and action within their jurisdictions. International co-operation is also needed
in order to raise resources to support the developing countries in carrying out
their responsibilitics in this ficld. A growing class of environmental problems,
because they are regional or global in extent or because they atlect the common
international realm, will require extensive co-operation among nations and
action by international organizations in the common interest. The Conference
calls upon Governments and peoples to exert common cltorts for the preserva-
tion and improvement of the human environment, for the benetit of all the
people and for their posterity.

It

PrRINCIPLYS

States the common conviction that:
Principle 1

Man has the fundamental right to freedom, equality and adequate conditions
of life, in an environment of a quality that permits a life of dignity and well-
being and he bears a solemn responsibility to protect and improve the environ-
ment for present and future generations. In this respect, policies promoting or
perpetuating apartheid. racial segregation, discrimination, colonial and other
forms of oppression and forcign domination stand condemned and must be
eliminated.

Principle 2

The natural resources of the earth including the air, water, land, flora and
fauna and especially representative samples of natural ccosystems must be
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safeguarded for the benefit of present and future generations through carcful
planning or management, as appropriate.

Principle 3
The capacity of the earth to produce vital renewable resources must be main-
tained and, wherever practicable, restored or improved.

Principle 4

Man has a special responsibility to safeguard and wisely manage the heritage
of wildlife and its habitats which are now gravely imperilled by 4 combination
of adverse factors. Nature conservation including wildlife must therefore receive
importance in planning for cconomic development.

Principle 5

The non-renewable resources of the earth must be employed in such a way
as to guard against the danger of their future exhaustion and to ensure that
benetits from such employment are shared by all mankind.

Principle 6

The discharge of toxic substances or of other substances and the release of
heat, in such quantities or concentrations as to exceed the capacity of the en-
vironment to render them harmless, must be halted in order to ensure that seri-
ous or irreversible damage is not inflicted upon ecosystems. The just struggle
of the peoples of all countries against pollution should be supported.

Principle 7

States shall take all possible steps to prevent pollution of the seas by sub-
stances that are liable to create hazards to human health, to harm living re-
sources and marine life, to damage amenities or to interfere with other legitimate
uses of the sea.

Principle 8

Economic and social development is essential for ensuring a favourable
living and working environment for man and for creating conditions on carth
that are necessary for the improvement of the quality of life.

Principle 9

Environmental deficiencies generated by the conditions of underdevelopment
and natural disasters pose grave problems and can best be remedied by ac-
celerated development through the transfer of substantial quantities of financial
and technological assistance as a supplement to the domestic effort of the
developing countries and such timely assistance as may be required.

Principle 10

For the developing countries, stability of prices and adequate carnings for
primary commodities and raw material are essential to environmental manage-
ment since economic factors as well as ecological processes must be taken into
account,
Principle 11

The environmental policies of all States should enhance and not adversely

affect the present or future development potential of developing countries, nor
should they hamper the attainment of better living conditions for all, and ap-
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propriate steps should be taken by States and international organizations with
a view to reaching agreement on meeting the possible national and international
economic consequences resulting from the application of environmental
measures.

Principle 12

Resources should be made available to preserve and improve the environ-
ment, taking into account the circumstances and particular requirements of
developing countries and any costs which may emanate from their incorporating
environmental safeguards into their development planning and the need for
making available to them, upon their request, additional international technical
and financial assistance for this purpose.

Principle 13

In order to achicve a more rational management of resources and thus to
improve the environment, States should adopt an integrated and co-ordinated
approach to their development planning so as to cnsurce that development is
compatible with the need to protect and improve the human environment for
the benefit of their population.

Principle 14

Rational planning constitutes an essential tool for reconciling uny conflict
between the needs of development and the need to protect and improve the
environment.

Principle 15

Planning must be applied to human settlements and urbanization with a view
to avoiding adverse effects on the environment and obtaining maximum social,
economic and environmental benefits for all. In this respect projects which are
designed for colonialist and racist domination must be abandoned.
Principle 16

Demographic policies, which are without prejudice to basic human rights and
which are deemed appropriate by governiments concerned, should be applicd in
those regions where the rate of population growth or excessive population
concentrations are likely to have adverse cflects on the environment or develop-
ment, or where low population density may prevent improvement of the human
environment and impede development,

Principle 17

Appropriate national institutions must be entrusted with the task of plan-
ning, managing or controlling the environmental resources of States with the
view to enhancing environmental quality.
Principle 18

Science and technology, as part of their contribution to economic and social
development, must be applied to the identification, avoidance and control of
environmental risks and the solution of environmental problems and for the
common good of mankind.
Principle 19

Education in environmental matters, for the younger generation as well as
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broaden the basis for an enlightened opinion and responsible conduct by in-
dividuals, enterprises and communities in protecting and improving the environ-
ment in its full human dimension. It is also essential that mass media of com-
munications avoid contributing to the deterioration of the environment, but, on
the contrary, disseminate information of an cducational nature, on the need
to protect and improve the environment in order to enable man to develop
in every respect.

Principle 20

Scientific research and development in the context of environmental problems,
both national and multinational, must be promoted in all countries, especially
the developing countries. In this connection, the free flow of up-to-date scien-
tific information and transfer of expericnce must be supported and assisted,
to facilitate the solution of environmental problems; environmental technologies
should be made available to developing countries on terms which would
encourage their wide dissemination without constituting an economic burden
on the developing countrices.

Principle 21

States have, in accordance with the Charter of the United Nations and the
principles of international faw, the sovereign right to exploit their own resources
pursuant to their own environmental policies, and the responsibility to ensure
that activities within their jurisdiction or control do not cause damage to the
environment of other States or of arcas bevond the limits of national jurisdiction.
Principle 22

States shall co-operate to develop further the international law regarding
liability and compensation for the victims of pollution and other environmentil
damage caused by activities within the jurisdiction or control of such States to
arcas beyond their jurisdiction.

Principle 23

Without prejudice to such eriteria as may be agreed upon by the international
community, or to standards which will have 1o be determined nationaily, it
will be essential in all cases to consider the systems of values prevailing in cach
country. and the extent of the applicability of standards which are valid for the
most advanced countries but which may be inappropriate and of unwarranted
social cost tor the developing countries.

Principle 24

International matters concerning the protection and improvement of the
environment should be handled in a co-operative spirit by all countries, big or
snall, on an cqual footing, Co-operation through multilateral or bilateral
arrangements or other appropriate means is essential to clfectively control,
pravent, reduce and eliminate adverse environmental effects resulting from
activities conJducted in all spheres, in such a way that duc account is taken of the
sovercignty and interests of all States.
Principle 23

States shall ensure that international organizations play a co-ordinated,

eflicient and dynamic role for the protection and improvement of the en-
vironment.,
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Principle 26

Man and his environment must be spared the effects of nuclear weapons and
all other means of mass destruction. States must strive to reach prompt agree-
ment, in the relevant international organs, on the climination and complete
destruction of such weapons.
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Annex 21

UxtirD NATIONS GENERAL ASSEMBLY Risorunion 2934 A-C (XXVI)
OF 29 NoviMBER 1972 oN THE “URGENT NLED FOR
SUSPENSION O NUCHEAR AND THERMONUCLFAR TESTS™

A

The General Asscmbly,

Recognizing the urgent need for the cessation of nuclear and thermonuclear
WEUPON Lests,

Recalling its resolution 2602 E (XXIV) of 16 December 1969, by which 1t
declared the decade of the 1970s as a Disarmament Decade, and its resolution
2734 (XXY) of 16 December 1970, which contains the Declaration on the
Strengthening of International Sccurity,

Recalling also its resolutions 914 (X) of 16 December 1955, 1762 (XVI) of
O November 1962, 1910 (XVID of 27 November 1963, 2032 (XX) of 3 Decem-
ber 1965, 2163 (XX ol 5§ December 1966, 2343 (XXID of 19 December 1967,
2455 (NXITEHD of 20 December 1968, 2604 (XXTV) of 16 December 1969, 2663
(XXV) of 7 December 1970 and 2828 (XXVI) of 16 December 1971.

Noting with regrer that all States have not yet adhered to the Treaty Banning
Nuclear Weapon Tests in the Atmosphere, in Outer Space and Under Water,
signed in Moscow on S August 1963,

Fxpressing sorious concern that testing of nuclear weapons in the atmosphere
has continued in some parts of the world, including the Pacific arca, in disregard
of the spirit of that Treaty and of world opinion,

Noting in this connection the statements made by the governments of various
L eapressing strong opposition to those

tora by
WhHih

1. Stresses anew the urgency of bringing to a halt all atmospheric testing of
nuclear weapons in the Pacitic or anywhere clse in the world;

2. Urges all States that have not vet done so to adhere without further delay
to the Treaty Banning Nuclear Weapon Tests in the Atmosphere, in Quter Space
and Under Water and, meanwhile, to retrain from testing in the environments
Q:c_.r;_7.,.:::,_._.,...,:.,.“

I

Noting that no less than nine yvears have clapsed since the Treaty Banning
Nuclear Weapon Tests in the Atmosphere, in Outer Space and Under Water
came into foree,

Taking into account the determination expressed by the parties to that Treaty
to continue negotiations to conclude a treaty resulting in the permanent banning
of all nuclear weapon test explosions,

1. Declares that a treaty banning all nuclear weapon tests is an important
clement in the consolidation of the progress towards disarmament and arms
control made thus far and that it would greatly facilitate future progress in these
ficlds;
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2: Calls upon all nuclear-weapon States to suspend nuclear weapon tests in all
environments;

3. Calls upon the Conference of the Committce on Disarmament to give
urgent cqnsideralion to the question of a treaty banning all nuclear weapon
tests, taking into account the views alrcady cxpressed in the Conference, the
opinions stated at the current session of the General Assembly and, above all
the pressing need for the early conclusion of such a treaty. ,

B

The General Assembly,

Conscious of the dangers to mankind presented by a continuation of the

nuclear arms race,
. Believing that a cessation of all nuclear and thermonuclear weapon tests
including those carried out underground, would contribute to a dccclcralidﬁ
of the nuclear arms race, to the promotion of further arms control and dis-
armament measures, and to a reduction in world tension,

Bel{eving Surther that a cessation of all nuclear weapon testing would inhibit
the wider dissemination of nuclear weapons,

Noting with regret that not all States have yet adhered to the Treaty Banning
I\_luclcar Weapon Tests in the Atmosphere, in Outer Space and Under Water
signed in Moscow on 5 August 1963, ’

Noting with regret that despite the determination expressed by parties to that
Treaty to achieve the discontinuance of all test explosions of nuclear weapons
for all time, parties to the Treaty continue to test nuclear weapons underground
and no §peciﬁc proposals for an underground test ban agreement are undc;
negotiation,

Recql[ing that the General Assembly has repeatedly expressed its concern
rega‘rdmg the continuation of nuclear and thermonuclear weapon testing, in
particular in its resolutions 914 (X) of 16 Dccember 1955, 1762 (XVII) (;t‘ 0
November 1962, 1910 (XVIII) of 27 November 1963, 2032 (XX) of 3 December
1965, 2163 (XXI) of 5 December 1966, 2343 (XXII) of 19 December 1967
2455 (XXIII) of 20 December 1968, 2604 (XXIV) of 16 December 1969 2605
{(XXV) of 7 December 1970 and 2828 (XXVI) of 15 Dccemiber 19714 '

Having considered the report submitted on 26 September 1972 b): the Con-
ference of the Committee on Disarmament, and in particular the sections
thereof concerned with achieving a comprehensive test ban,

Noting with satisfaction the completion of a first set of bilateral agreements
on the limitation of strategic arms and expressing the hope that the progress
so far aphieved will lead to further agreed limitation on nuclear arms and be
conducive to the negotiation of a ban on underground nuclear weapon testing,

1: Stresses again the urgency of halting all nuclear weapon testing in all
environments by all Statcs;

2. Urges all States that have not yet done so to adhere without further delay
to the Treaty Banning Nuclear Weapon Tests in the Atmosphere, in Outer Space
and Under Water, and meanwhile to refrain from testing in environments
covered by that Treaty; ‘

3.' Calls upon all governments conducting underground nuclear weapon tests
particularly those parties to the Treaty Banning Nuclear Weapon Tests in thé
Atmosphere, in Outer Space and Under Water, immediately to undertake uni-
]atera}l or negotiated measures that would suspend or reduce such testing,
pen-dmg the early entry into force of a ban on all nuclecar weapon tests in all
environments;
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4. Urges governments that have been carrying out nuclear weapon tests to
take an active and constructive part in presenting and developing in the
Conference of the Committee on Disarmament, or in any other appropriate
body. spevitic proposals for a comprehensive test ban;

5. Requests the Conference of the Committee on Disarmament to give first
priority to its deliberations on a treaty banning underground nuclear weapon
fests. taking full account of views of experts and of technical developments
bearing on the verification of such a treaty, and further requests the Conlerence
to submit a special report to the General Assembly at its twenty-cighth session
on the results of its deliberations on this matter;

6. Urges governments to take all appropriate measures further to develop
existing capabilities for detection and identitication of underground nuclear
tests through seismological and other technical means, and to increase inter-
national co-operation in the claboration of relevant techniques and evaduation
of seismographic data, in order to facilitate an underground nuclear weapon
test ban;

7. Cally upon governments to seek as a matter of urgency a halt to all nuclear
weapon testing, and to endeavour to achieve at the earliest possible date a
comprehensive test ban and to obtain universal adherence to such a ban.

¢

The General Assembly,

Reaffirming its deep apprehension concerning the harmful consequences of
nuclear weapon tests for the aceeleration of the arms race and for the health of
present and future generations of mankind,

Deploring that the General Assembly has not yet succeeded in its aim of
achieving a comprehensive test ban, despite 21 successive resolutions on the
subject,

Deploring further that the determination expressed by the original parties
to the Treaty Banning Nuclear Weapon Tests in the Atmosphere, in Quter
Space and Under Water, signed in Moscow on S August 1963, to pursue negotia-
tions to achieve the discontinuance of all test explosions of nuclear weapons
for all time has not so fur produced the desired results,

Recalling its resolutions 1762 A (XVID) of 6 November 1962 and 2828 A
(XXVD) of 16 December 1971, whereby all nuclear weapon tests, without ex-
ception, were condemned,

1. Reiterates once again with the utmost vigow its condemnation of all nuclear
weapon tests;

2. Reaffirms its convictionthat, whatever may be the differences on the question
of verification, there is no valid reason for delaying the conclusion of a com-
prehensive test ban of the nature contemplated in the preamble to the Treaty
Banning Nuclear Weapon Tests in the Atmosphere, in Outer Space and Under
Water;

3. Urges once more the governments of nuclear-weapon States to bring to &
halt all nuclear weapon tests at the carliest possible date, and in any case not
later than 5 August 1973, cither through a permanent agreement or through
unilateral or agreed moratoria;

4. Requests the Secretary-General to transmit the present resolution to the
nuclear-weapon States and to inform the General Assembly atits twenty-cighth
session of any measures they have taken to implement it
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Annex 22

MAP SHOWING GEOGRAPHICAL COVERAGE OF MONITORING PROGRAMME
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MaIN FISSION PRODUCTS PRESENT IN FALL-OUT OVER AUSTRALIA FOLLOWING
FFRENCH NUCLEAR TESTS IN POLYNESIA

Those predominating, and to which specitic attention is given in the fall-out monitoring,
arc indicated *. :

* % *  *

antimony 125
antimony 126
antimony 127
barium 137m
barium 140
caestum 136
cacsium 137
cerium 141

*

*

cerium 144
curopium 158
curopium 136
todine 131
iodine 132
lanthanum 140
molybdenum 99
niobium 95

*

*

ncodymium 147
prascodymium 143
praseodymium 144
promethium 147
promethium 149
rhodium 103m
rhodium 106
ruthenium 103

ruthenium 106
silver 111

* strontium 89
* strontium 90

technetium Y9m
tellurium 125m
tellurium 127m
tellurium 127

*

*

tellurium 129m
tellurium 129
telurium 132
tin 119m

tin 125
vitrium Y0
yttrium 91
zirconium 93
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Annex 24

INTEGRATED CONCENTRATIONS OF [ODINE-131 IN MiLK SUPPLIES FOLLOWING
FRENCH NUCLEAR TESTS IN POLYNESIA, 1966 TO 1972

Picocuric-days per litre

Centre

Adclaide

Brisbane

Hobart and Launceston
Malanda

Melbourne

Perth

Rockhampton

Sydney

1966 1967 1968 1970 1971 1972

6300 820 2120 1870 1460 90
4600 940 2250 1320 1360 60

1500 380 790 860 350 0
11000 10360 4540 5790 5390 170
2400 410 830 1000 500 V]

7200 1410 1970 3000 2990 S0
4700 1140 2780 1850 1320 70
2800 580 890 920 830 0

RERIN
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Annex 25

STRONTIUM-90 AND CAESIUM-137 FALLOUT DEPOSITION IN AUSTRALIA FROM
NUCLEAR TESTS IN THE ATMOSPHERE BY USSR AND USA UP TO 1962 AND BY

FRANCE AND CHINA FROM 1966

Centre

Strontium-90 Cuesium-137
millicuries pel sqmu ¢ kilometre  millicuries per square kilometre

1966 1967 1968 1969 197() 1971 1966 1967 1968 1969 1970 1971

Adelaide

Ahu. Spri-x"{g._s-—
B\.rry - -
Bu\bdm.
D.uwm
IL\dxan -
Hobart

M cadows

Mdbournu

l’u(h

Porl Ilcdldnd

Sam fol d

SydnLy

Tow nsv I”L

Walmbul

Wol\dlup

1.26 0.49 0.48 0.61 0.56 0.87 1.29 0.62 0.53 0.84 0.75 1.23

l)(ﬂ () 10 04’6 ()"7 0.20 0.37 116 0"9 041 043 03! 0.40

1‘3() 0.72 0.53 1‘60 l.3() 186 217 1.29 0.63 2.10 1.44 23’

LOS 0.6 0.42 0.79 0.79 1.24 147 1.12 055 1.16 1.51 1.63

0.91 0.31 041 046 0'4() 036 129 048 055 085 0.52 0.64

0.73 038 047 0.68 0.65 0.88 0.98 0.54 0.52 0.78 092 1.04

0.94 0.4] 0.28 ().53 0.57 0.69 086 0-5’ 0.31 0.63 0.85 096

126 0.41 0.67 0.71 079 1.39 1.42 0.76 0.75 0.77 0.87 1.69

106 038 0.37 0‘45 .096 0.77 122 0.44 0.39 095 1.05 0.76

l|8 0()4 ()50 057 074 0.90 I35 0.90 0.58 0.64 1.06 1.14

()48 022 ()I" ()06 Oll 00‘) 041 0.18 0.10 0.24 0.12 0.i2

098 0.61 0.54 082 113 1.06 1.46 1.06 0.54 1.10 1.26 1.34

1'50 0.82 033 1.01 Ob() 093 1.63 1.36 0.23 139 103 121

071 040 027 0”0 Oll 041 >087 043 0.32 031 0.39 0.49

103 0.45 075 ll’ 097 112 1.40 0.73 071 1.26 1.22 1.22

l) 85 052 ()44 0.40 0. 56 087 1.25 0.90 049 0.66 0.89 1.13

Population--
weighted mean
for Australia

1.18 0.58 0.48 096 0.93 1.12 1.52 095 0.50 1.24 1.12 1.38

Component due
to French
nuclear tests

0.24 0.06 0.19 0.67 0.70 0.90 0.30 0.10 0.20 0.87 0.84 1.10
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Annex 26
DEPICTION OF STRONTIUM-90 AND CAESIUM-137 FALL-OUT IN AUSTRALIA
FALLOUT DEPOSIT

millicuries per square kilometre
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