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L INTRODUCTION

1. This is the ninth substantive report of the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR) 11 submitted to the General
Assembly. ~ As anticipated ~n its 1982 report, UNSCEAR had been planning to
conduct detailed studies on selected subjects, together with comprehensive
asseSBmentB of the type normally issued. This report contains reviews of t~ree

special topics in the field of biological effects of ionizing radiation that are
among thoBe currently under consideration by the Committee. genetic effects of
radiation (annex A), dose-response relationships for radiation-induced cancer
(annex B) and biological effects of pre-natal irradiation (annex Cl.

2. Th~ preparation of this report with its scienti.fic annexes took place
essentially from the thirty-first to the thirty-fifth sessions of the Committee,
although the preparation of annex B started much earlier, its publication being
d&lay~d pending the dosimetric revision on the survivors of ..lroshima and
~agae~ki. Most o~ the Bcientific work for this report was done at meetings of
groups of specialists, which considered wOlking papers prepared by the Committee
secretariat that were modifled and amended from one session to the next, according
to the Committee's reauests. The report itself waq drafted at the thirty-fifth
session. Mr. Z. Jaworowski (Poland), Mr. D. Beninson (Argentina) and
Mr. T. Kumatori (Japan) served as Chairman, Vice-Chairman and Rapporteur,
respectively, at the thirty-first session. The following members of the Committ.'e
acced in such capacities at subseauent sessions. Mr. D. Beninson (' .rgentina),
Mr. T. Kumatori (Japan) and Mr. A. Hidayatalla (Sudan) at the thir'j-second and
thirty-third sessions, and Mr. T. Kumatori (Japan), Mr. A. Kaul (Federal Republic
of Germany) ana Mr. A. Hidayatalla (Sudan) at the thirty-fourth and thirty-fifth
sessions. The names of those experts who attended the thirty-first to the
thirty-fifth sessions of the Committee as official representatives or members of
national delegations are listed in appendix I.

3. The Committee was assisted in th~ preparation of the report by a small
scientific staff and by consultants appointed by the Secretary-General. That
group, whose members are listed in appendix 11, was responsible for the preli~inary

review and evaluation of the technical inform8tion received by the Committee or
pUbl~shed in the open scientific lj~erature. In approving the leport the Committee
itself assumes full responsibility for its content, it wishes, however, to
acknowledge the help and advice given by the group.

4. Representatives of the World Health Organization (WHO), the International
Atomic Energy Agency (IAEA), the International Commission on Radiological
Protection (ICRP) and the International Com~ission on Radiatio~ Units and
Measurements (ICRU) attended the sessions of the Commlttee hel~ during the period
under review. The Committee wishes to acknowledge their contribution to the
di .cussion. Representatives of the United Nations Environmen~ Programme (UNEP), to
whiCh the secretariat of the Cc~mittee is attached, were also present at all the
sessions. The Committee would like to express its appreciation for the special
attention and the support given to its activities by that organization.

5. The reports received by the Committee from States Members of the United
Nations and members of the specialized agencieR and of IAEA, as well as from those
agencieR themselves, during the period from 11 November 1982 to 18 April 1986 are
listed in appendix Ill. Reports received before 11 November 1982 were listed in
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earlier reports of th~ Committee to the General Assembly. The information rl!ceived
officially by the Committee was supplemented by and interpr~t~d in the light of
other data available in the current scientific literatllre or, in some rare cases,
from unpuhlished communications of individual scientists.

6. In the following sectif)ns, the Committee summarizes the main conclusions of
the specialized studies on the three topics mentioned in para~rap~ 1, also in the
light of previously released substantive documents.

7. Following past practice, only the main text of the report is submitted to the
General Assembly, while the report, together with the scientific annexes mentioned
above, will be issued as a united Natior.s sales pUblication. This practice is
intended to achieve wider dissemination of the findings to the international
SCientific community, which makes use of the Committee's assessments as a source of
independent and authoritative information. The Committee wishes to draw the
attention of the General Assembly to the fact that separatio,. of the main te~t of
the report from its scientific annexes is simply for reasons of conven1enCe. It
should ~. bOrne in mind that the scientific data given in the annexes are very
important and form the basis for the main conclusions contained in this report.

Notes

11 The Committee was established by the General Assembly at its tenth
session in 1955. Its terms of referenC'<! !Ire set out in resolution 913 (X). It was
originally composed of the following M*"ilber Statesl Argentina, Australhl, Belgium,
Brazil, Canada, Czechoslovakia, Egypt, France, India, Japan, Mexico, Sweden, Union
of Soviet Soci&list Repuhlics, United Kingdom of Great Britain and Northern Ireland
and United States of America. The membership of the Committee was subsequently
enlargeG by the Assembly in its resolution 3154 C (XXVIII) to include the Federal
RepUblic of Germany, Indonesia, Peru, Poland and the Sudan.

1I For the previous substantive reports of the Committee, see Official
RecordS of the General Assembly, Thirteenth Session, Supplement No. 17 (A/3838),
~., Se~enteenth Session, Supplement No. 16 (A/52l6), ibid., Nineteenth Session,
SUpplement No. 14 (A/58l4), ~., Twenty-first Session, Supplement No. 14 (A/63l4
and Corr.l), ibid., Twenty-fourth Session, Supplement No. 13 (A/76l3 and Corr.l),
~., Twenty-seventh Session, Supplement N~.~ (A/8725 and Corr.l), ibid.,
Thirty-second Session, Supplement No. 40 (A/32/40), and ibid., Thirty-seventh
Session, Supplement No. 45 (A/37/45). These documents will be referred to in this
context as the 1958, 1962, 1964, 1966, 1969, 1972, 1977 and 1982 rep.:lrts,
respectively. The 1972 report with appendices and scientific annexes was also made
available aSI Ionizing Radiationl Levels and Effects, Volume 11 Levels (United
Nations pUblication, Sales No. E.72.IX.l7), and Volume III Effects (United Nations
pUblication, Sales No. E.72.IX.18). The 1977 raport with appendices and scientific
annexeS appeared as. Sources and Effects of Ionizing Radiation (United Nations
publication, Sales No. E.77.IX.l). The 1982 report with appendices and scientific
annex~s appeared as. Ionizing Radiation. Sources ~nd Biological Effects (United
Nations pUblication, Sales No. E.82.IX.8).
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11. GENETIC EFFECTS JF RADIATION

8. The Committee review~d recent advances in various areas relevant to the
ev~luation of genetic radiation haza~ds in man. The most important areas arel l,
identification ~f th~ prevalence of naturally occurring monogenic, chromosomal and
other disorders, the use of recombinant DNA technology fur the analysis of human
genetic material in normal individuals and in those with genetic disease, the
relationships between gene mutations, chromnsomal aberrations and cancer, the role
of movable genetic elementn in the production of spontaneous mutations and their
implications for the estimates of tr~ genetic risk, and other data directly or
indirectly bearing on the quantification of genetic hazarda and detriment in man.
Aa a result of this extensive analys~s, the Committee believes that the assessment
of radiation-induced genetic risk contained in its 1982 report remains broadly
valid.

9. The considerations that determined the choice of the major themes listed above
can be briefly summarized as followsl (a) a precise knowledge of the prevalence of
Mendelian and chromosomal disordets and those with a strong genetic predisposition
constitute~ an essential framework for perceiving the impact of such disorders in
human populations and for placing the estimates of the radiation risk into
perspective, (b) the advances in r~~ombin~nt DNA technology that have occurred
during the past few years have imparted a level of precision hitherto not possible
to the study of the human genome for unravelling the action of specific genes in
health and disease, including cancer, for analysing the mutation spectra and the
nature of sportaneous and radiation-induced mutations and for formulating new
approaches to the Management of heritable disorders, (c) the recent convergence of
ideas and techniques from viral oncology, cell genetics and molecular biology has
resulted in major breakthroughs in knowledge on the molecular genetic I~sis of
several spontaneously arising and mutagen-induced cancers, (d) the demonstration
that there are movable geneti~ ~lements (mobile DNA seauences) in a number of
species (and presumptive evidence for their occurrence in humans), and that a
size&ble proportion of spontaneous mutations (in bacteria, yeast and drosophila)
are due to these movable gen~tic seauences, is raising auestions concerning the
tixtent to which they ~~y be causing spontaneous mutations in humans and whether
there is a difference in nature between rad~,ation-induced and spontaneous
mutations, and (e) new data from human studiea on detriment associated with certain
spontaneously arising disorders of complex aetiology, as well as that from
mammalian and other studies on genetic effects of radiation, illustrate the
validity of the Committee's earlier views and conclusions.

10. New data on the prevalence of certain specific monogenic disorders in humans
essentially c~nfirm the Committee's earlier assessments. Likewise, a re-analysi~

of data bearil.g on the contribution of chromosomal anomalies to spontaneous
abortions and still births suggeats that at least 40 per cent of the spontaneous
abortions that occur in the period from the fifth to the twenty-eighth week of
gestation and about 6 per cent of still births are associated with chromosomal
anomalies. Recent results from cytogenetic surveys of new-borns carried out ueing
banding methods show that the freauencies uf spont~neously occurring reciprocal
translocations and inversions are higher than those detected in studies in which
banding methods were not used.

11. The freauencies of chromosomal anomalies in patients with mental retardation
and multiple congenital anomalies vary from about 2.5 to 20 per cent with a mean of
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about 12 per cent.
order of magnitudp
the freauencies of

In sub-fert~le males, the prevalence of such anomalies is an
higher than in new-borns (6.0 per cent versus 0.6 per cent), hut
specific anomalies show considerable variation.

12. A substantial amount of information has now become available on fragile sites
on human chromosomes. These are chromosomal regions eXhibiting fragility (as
evidenced by abnormal chromosomal configurations in metaphase preparations), which
can be made visible under specific tissue culture conditions. The fragile site is
always at exactly the same point on the chromosomes in all individuals or kindred,
but ia never aeen in all cells examined. About 40 fragile sites are currently
known, including one on t~e long arm of the X-chromosome. The latter ~8 associated
with X-linked mental retardation and is th- most common genetically determined
cause of mental handicap, next only to trisomy-21 (Down's syndrome). There arg
i~dication8 that certain fragile sites on chromosomes other than the X-chromosome
mry predispose chromosomes to breakage. There is evidence, furthermore, that
Leveral non-random chromosomal changes involved in certain cancers h~ve breakpoints
that ('~incide with the fragile sites.

13. A systematic comparison of three studieq of the estimated live-birth
prevalencea of congenital anomalies - a prospective study in the United States
(which aimed at complet~ ~scertainment) and two retrospective studies (one in
British Columbia, the dat~ from whic~ were discussed in the COmmittee's earlier
reports, 6nd another carried out in Hunnary) - shows that the prevalences vary from
8.5 per cent in the United States to 6.0 per cent in Hun~ary ~nd to 4.3 per cent in
British Columbia. Arl~ng the reasons for the differences between those estimat~s

are geographical and ethnic var iations ar,d differences in ascertainment
efficiencies. Particularly noteworthy is the finding ttat musculoskeletal
anomalies constitute about SO per cent of all congenital anomalies in Hungary,
about 45 per cent in the United States and about 30 per cent in British COlumbia.
Anomalies of t·.~ integument c~nstitute, furthermore, about 10 per cent of the total
in the United States, nnd a~~l.t 1 per cent in Hungary and British Columbia. The
Comm"ttee has used the li'" .rth prevalences from HlIngary (6.0 per cent) as a
he~is for making detrim~nt estimates for spontaneously arising congenital anomalies.

14. Preliminary data suggest that the prevalence of other disor~ers with a strong
genetic predisposition, which are disorders prim~rily of adulthood, may be at least
about 60 per cent in Hu"~a[y. Each of these disorders has a population prevalence
oC not less than 1 per 10,000. The values for the individual conditions in Hungary
are well ~ithin the ranges reported for other countries. These conditions ~re both
aetiologically and clinicftlly heterogeneous. The estimated population prevalence
of 60 per ( nt is an order of magnitude higher ~han the 4.7 per cent for British
COlumbia. It should, however, be stressed that. (a) since many individuals have
more chan one disorder, the actual proportion of the Hungarian population that
suffers is probably less than 60 per cent although still far more than the
4.7 per cent in British Columbia, and (b) the value of 4.7 per cent applies only to
di~ord.rA appearirg before the age of 21, whereas the value of 60 per cent applies
to thOBP appparing up to age 70.

15. During the past few years, the application of recombinant DNA technology to
the study of the human genome has revolutionized the field of human genetics. By
using a variety of enzymes specifically active on the cells' genetic material, it
has become possible to make direct analyses of normal and mutant genes. Several
findings emer1ing from these stUdies have applications in the detection of carriers
of serious genetic di,ordcrs, in pre-natal ciagnosis and in the typing of tumoure
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and lymphomas. Molecular approaches are alao increasingly being used to study
mutation and DNA repair in mammalian cells.

16. Exci~ing advances have also been made during the past few yea~s in
understanding the genetic haFis of cancer. Among these, the following deserve
mention. (a) the discovery that mammalian and other genomes contain nucleotide
aeauences related to viral oncogenes (i.e. genes responsible for the production of
tumours in a number of avian and mammalian species) and that these soauences,
termed cellular proto-oncogenes, have oncogenic potential, (b) the identifir-ation
of activated forms of proto-oncogenes in tumour cells and the discovery that such
acti,ations can occur through point mutations or specific chromoBowal aberrations
in which the breakpoint may involve the cellular oncogf'lne itself, and (c) the
probable participation of proto-oncogenes in the regulation of cell proliferation.

11. The conceptual foundations for dealing with movable genetic elements, one of
the most active areas of current genetic research, were laid by McClintock ove!
three decades ago. From genetic studies with maize, she postulated the existence
of what l:e now called movable genetic elements. Such elements have lince been
discovered in a number of species, including bacteria, blue-green algae, yeast and
drosophila. There ar, several lines of evidence suggest ng that they are also
present in mammalian (i~clUdln9 human) genomes, and some of these have been
characterized at the molecular level. In the organisms studied, these transposable
genetic elemp.nts ~3ve been shown to be capable of inducing chromosome breaks,
duplications and a variety of other stru~tural alterations, as well as gene
mutations and changes in gene expression at many gene loci.

18. The finding that a sizeable proportion of spontaneous mutations in
experimental organisms studied in thia respect can be caused by movable genetic
elements, and that the tate of transposition is either not affected or only
minimally so by exposule to mutagens, could have implications for the evaluation of
genetic radiation hazards. For instance, if the majority of spontaneous mutations
in humans is a bY-P~oduct of the dynamics of transposable genetic elements and if
the nature of these spontaneous mutations differs from that of mutations induced by
mutagens, the use of the dOUbling dose ml._~~ in hazard evaluation may need to be
re-examined. There is, however, no ovidelc@ at present for the thesis that a
majority of spontaneous mutations In humans is due to movable genetic elements.

19. A number of recent studies on mammalian somatic cells have shed further light
on the nature of the le~lons in DNA that lead to chromosomal aberrations and the
process of DNA repair aSlJociated with the formation of these aberrations.
Particularly interesting are the new data obtained by the use of restriction
endonucleases. These are enzymes that recognize specific seQuences in the DNA and
cleave them, producing fragments that are either blunt ended (both strands cleaved
at the same position) or cohesive ended (each strand cleaved at a different
position). P.lthough the absolute freauencies of chromosomal aberrations were found
to depend 0" t'he restricUon enzyme used, tllose producing blunt-ended DNA breaks
were much more efficient than those producing cohesive-ended breaks. Since these
enzymes arft knowl to produce only double-strand DNA breaks, these data provide
further direct evidence that ~tiuble-strand breaks in the DNA are the principal
lesions involved in the pr~.uction of chromosomal aberrations.

20. New data obtained on lymphocytes (White blood calls) of patients with
chromosome instability syndromes show that, except in one case, the spontaneous
rates CIf mutation r~lative to those of blood cells from normal individuals are
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higher by factors ranging from 3 to 10. The newly developed T-lymphocyt~ cloning
technique has been successfully used in studies on radiation induction of
6-thioguanine mutants in human lymphocytes. The data show dose-dependent increases
in mutation frequency and also show that these frequenciec are of the same or1er of
magnitude as those determined in experiments with established fibroblast cell lines.

21. The results of an international collabOrative study on the X-ray inductton of
chromoaomal aberrations in human lymphocytes in vitro show that at low doses (from
0.004 to 0.3 grays) there is no increase in aberration yields up to 0.05 gr&y~,

beyond which the increase is linear with dose. Furthermore, according to t~e

authors' analysis, the frequencies of all types of aborrations at 0.004 grays are
significantly lower than the contLol VAlues.

22. Data from direct cytological analysis of spermatozoa from normal human males
have shown that the frequencies of chromosomal abnormalities in these calls vary
between individuals (0 to 28 per cent) with a mean of about 9.0 per cent. Both
numerical and structural anomalies have been found, the fr.equencie. of th, focmer
in different in~ividuals ranging from 0.6 to 5.0 per cent arid those of the latter
frnm 1.5 to 15.8 per cent. The frequencies of chromosomally abnormal spermatoz~a

in men who had undergone radiotherapy were higher (averaging over 2~ per cent but
ranging from 6 to 67 per cent, with a significant correlation between the
frequencies of abnormal sperm and testicular dose) than before radiotherapy ana
were also higher than in non-irradiated men, again, both structural and nu~erical

chromosomal anomalies wer. pres~nt.

23. The frequencies of spontaneously arising chromosomal anoma]ies in Chinese
hamster oocytes and early zygotes hav~ been dot~rmined using an improved chromosome
preparation technique. The data suggest that ~he incidence of aneuploidy of
maternal origin (2.1 per cent) is three times higher than that of paternal ori~in

and first division ffieiotic errors are about three times more frequent than second
division ereors.

24. Furthee data on the X-ray induction of non-disjunction in young and old female
mice have become available. In one set of e~periments, the frequencies of eggs
having more than the haploid number of chromosomes (hyperhaploidy) were higher in
old (1.5 pee cent) than in young (0.2 per cent) non-irradiated mice. After
X irradiation, the frequencies of hyperhaploid eggs from both young and old mice
showed a linear relationship with dose, but there were no differences between the
young and old mice in this regard. In another set of experiment8 with young female
mice and eggs, 8ampled at various intervals aft~r irradiation, significant and
greater-than-linear increases in hyperhaploidy were found, .s the eggs sampled at
shorter intervals after irradiation were found to be less sensitiv8 than those
sampled at other time intel~a\s. In a further set of experiments, it was shown
that the use of gonadotropin to induce ovulation had no effect on the sensitivity
of the oocytes to the radiation induction of either numerical or structural
anomalies.

25. Further genetic evidence on the X-ray inducti,ln of heritable reciprocal
translocations in male mice (following spermatogonial irradiation) has been
obtained. This shows that there is a dose-dependent increase in frequency up to 6
grays, the average rate being (3.9 + 0.3) x 10-3 per gray. The frequencies of
tran.locations after 1.5 grays are consistent with expectations based on
cytogenetic studies, whereas at higher exposures the frequencies appear to be lower
than expected, in line with previous findings.
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26. A c~parison of the cytogenetic data on the X- or gamma-ray induction of
reciprocal translocations in a number of. non-human primate species (including the
data reviewed in the 1982 report) show that the spermatogonia of one marmoset
species, Callithrix jacchus, have a .ensitivity slmilar to that of th~ Rh••us
monkey. However, both these specie. are much les8 sensitive than another marmoset,
Sa~uinu8 fU8cicollis. The cr~~-eating monkey, Macaca fasciculari., is intermediate
between Rhesus monkey and Callithrix jacchus, and Saguinus tuscicolli8, which WAS
studied over 10 years ago. Changes in technique may be partly re.ponsible for
these differonces. The recently studied crab'-eating monkey, Macaca fa.cicularis,
18 about twice as sensitive as the Rhesus monkey to acute irradiation, but the most
recent data suggest that the former species may be l.ss sensitive to chronic gamma
irradiation.

27. Data O~ th~ induction by X-rays of congenital anomalies in the off3pring of
irradiated m:i.ct'l Ghow that the incidence of these anomalies (detected by in utero
examinationl~' lugnificantly hi.;"her following irradiation of post-meiotic germ
cells in ma1\1o". Ttl. frequencies of these anomalies also tended to rise after
~permatogonial expo3ure.

28. Further data have become available on the radiation induction of heritable
tumours in mice. Spermatids in males and maturing oocytes in female. seem to be
the most sensitive sl:ages for the induction of genetic changes that lead to tumour.
in the progeny) spermatogonia are also affected. The pattern of transmi.sion or
these tumours is consistent With a dominant mode of inheritance and a penetrance of
about 40 per cent, they also have a low expressivity.

29. In order to e.timate the radiation risks associated with the induction of
reciproc~l translocations in human germ cells, model studies using X-irradiated
blood lymphocytes and fibroblasts have been carried out. The location of the
translocation break points, lengths of segments involved etc., were determined in
banded chromosome preparations. The information 80 derived was used' <a) to
inquire into the minimum posdble imbalance tllat each of these translocations will
generate, should they occur in germ cells, and (b) to compare these estimates with
those available from studies reported in the literature of cases of partial
monosomies and trisomi.s (i.e. loss Dr addition, re.pectively, ot small chromosome
segments). The main conclusion was that about two fifths of these translocations
could generate viahle imbalances in terms of abnormal pro:,eny. More dat,t .!lr.
reQuired before these fiqures can be used within the framework of risk as.essments.

30. ~I the basis of limited data then available on the inc4dence of un~alanced

structural rearrangements in new-borns and in spontaneous ab~rtuses, the committee
estimated in its 1972 report that about 6 per cent of all hum~n conceptions with a
structurally unbalanced chromosome complement could result in live births with
congenital anomalies. This value was also used in the Committee'. 1977 and 1982
reports. Recently, the COmmittee's attention was drawn to an error in these
calculations, which when corrected gave a value of 3.5 ~r cent. However, a
further re-calculation using the more extensive data currently availl~le led to a
revised estimate of 9 per cent of imbalanced products of balanced reciprocal
translo~ations l1urvivin~ to birth alld resulting in congenitally malformed children.

31. In its 1982 report. the COmmittee est'ated that the ri.Bk for the irradiation
of males from the induction of dominant mu- .tions (leading to genetic disease in
the first generation progeny) lies in the range of one to two cases at affected
individuals per million live-barns per milligray 01 sparsely ionizing,
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low-dose-rate irradiation, the rough eatimate of risk for the irradiation of
females under similar conditions was zero to one case per million live births.
These estimates were based on the induction of dominan~ skeletal and cataract
mutations in mice. New information from radiation-induced reduction of litter size
in mice following exposure of parental males to X- oc gamma rays suggests the
induction of genetic changes having dominant effects in the first generation and
manifesting after birth at a stage earlier than that under scrutiny in the skeletal
and cataract studies. The rate of induction of these changes ~ppears to be about
one nalf of that mentioned above for males. It seems probable that in the human
species these lethals would act at some stage in early lite.

32. In its 1977 and 1982 reports, the Committee estimat~d that the risk from the
induction of autosomal recessive mutations (i.e. mutations in genes located on
chromosomes other than the X) leading to rece8sive genetic disease was negli~ible,

and it lnade no further attempts to quantify this risk. A recent study has shown
that it is possible to provide a quantitative estimate for this class of
disorders. These calculatiol3, baded on a combination of data from observations on
human populations and from experiments on mice, show that a one-time expoSUle to a
dose on the order of 1 milligray of sparse~y ionizing, low-dose-rate irradiation of
the parental generation is not assoc'lated with any risk of induced recessive
genetic disease in the first generat',on, thus confirming the earlier conclusion of
the Committee. However, in the following 10 generations, such an expoDure may
result in about one extra case per million live-borns by the tenth 'leneration.

33. In 1982, the risk associated with the induction of structural chromosomal
aberratt.ons (predominantly reciprocal translocations) in males and females was
estimated to lie between 0.03 and) and between 0 and 0.3 cases per million,
respectively, of congenitally abnormal children per milligray of sparsely ionizing,
low-dose-rete irradiat~on. Using all the cu~rently available data on plimates, the
Committee now estimates that the expected number of congenitally abnormal children
ranges from 0.1 to 1.5 and from 0 to 0.5 foll.:>winq irradiation of males IJnd
felnales, respectively (all rates expressed per million live births per mllligray).

34. The risk estimates discussed sn far are arrived at by using the so-called
direct methods and pertain to effects expected in the first generation following a
one-time radiation exposure of the parents. In contra~', the doubling dose method
is primarily used to quantify risks under conditions ot continuous radiation
exposure. With this method, the expected risks are relat d to, and expressed as d

fractioh of, the spontaneous prevalence of MendQlian and chromosomal disorders as
well as those of a more complex aetiology. The Committee sees no reason tor any
alteration of its 1982 estimates for autosomal dominbnt, X-linked and chromosomal
disorders. These estimates are briefly recapitulated in the following (all
esti~ate8 per milligray of continuous sparsely ionizing, low-dose-rate irradiation
of the parental generation and on a population of one million live births).
(a) autosomal dominant and X-linked disocders - 10 cases of affected individuals at
8Q'~ilibrium and 1 to 2 cases in the first generation, and (b) chromosomal disorders
(mainly those aris1.ng as a consequence of unbalanced structural anomalies) -
0.4 case at equilibrium and 0.3 caBe in the firBt generation. In theBe
calculations, the Bpontaneous prevalence figures aBsumed are. 1.0 per cent
dominant and X-linked disorders, 0.25 per ~ent autoBomal recesBive, and
0.3 per cent chromosomal disorders. The doubling dose was, furthermore, assumed to
br, 1 gray.
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35. New data on congenital anomalies and other disorders of complex aetiology
suggest that their spontaneous prevalence (especially of the latter) is high~r than
the estimates considered in the 1982 report (see par~8. 13 and 14 above). This
difference is mainly due to the inclusion of data on individuals up to 70 years of
age in the recent studies, whereas an earlier one only cont~ined data on
individu~ls up to 21 years of age (the estimates from the latter were used in the
1977 and 1982 reports). Considerable uncertainties still remain on the following
problemsl (a) whether the dOL .•ling dose estimate of 1 gray (this is based on mouse
data on clear-cut genetic end-points such as specific locus mutations, dominant
visibles and reciprocal translocation8) is valid for disorders of complex
aetiology, and (b) whether the estimate of 5 per cent mut&tional component used in
the 1977 and 1982 reports is reali8tic for these disorders. In the absence of
further information, particularly information on the mechanisms of maintenance of
these disorders in tile population that wo.. ld thus provide a basis for predicting a
possible radiation-induced increaee in their prevalence, the Committee is not in a
position to provide risk estimates for these disorders.

36. The Committee continued to for.us attention on detriment (handicap, years of
life l~"t, years of handicapped life) associated with spontaneously arising genetic
and partially genetic disorders, with the hope of eventually formulating an
adeauate framework to view the increases in Auch detriment at the individual and
societal levels ss a result of radiation exposures. Some limited information from
the follow-up of children with Fex chromosomal ~nomalies and autosomal balanc~

structural rearrangements shows I (a) that no individual with sex chromosomal
anomalies has had any serious mental retardation, and (b) that balanced structural
rearrangements are probably not as harmful aa previoUS reports (based on
cytogenetic studies of mentally retarded individuals and inmates of penitentiaries)
have implied.

37. The results of a study on the estimation of detriment associated witb
spontaneously arising congenital anomalies in hu~ans have been pUblished. In this
study, the authors used the live-birth prevalence values derived in Hungary for
these anomalies (about 60,000 per million live birthS) to estimate detriment in
terms of years of life lost, years of potentially impair~d life and years of
actually impaired life. For the period and the population for which these
estimates apply, the mean life expectancy is 70 years. Calculations show that,
with a total pre~alence of 60,000 per million live births (i.e. 60,000 individuals
per million affected with one or ancther type of isolated or multiple congenital
anomalies), about 480,000 years of life are lost, 2.0 to 3.7 million years of life
are potentially impaired and, of the latter, 450,000 years of life are actually
impaired per million live births.

38. In terms of the average number of years of life lost (an injex of detriment at
the individual level), the central nervous system anomaliq cause the greatest
amount of detriment (55 years), tollowed by anomalies of ~he respiratory and
cardiovascular nystems and chromosomal anomalies (about 25 years for each of these)
and others. Anomalies of the ear, fa~e and neck (including cleft lip, with o~

without cleft palate), of genltal organs and of the musculoskeletal system have a
small or negl igible effect in this regard. However, when the rank i.1g is done
according to the total number of years of life lost (an index of detriment at the
population level), anomalies of Lhe cardiovascular system are associated with the
highest amount of detriment (about 180,000 y,ars per milli0n live births), followed
by those of the central nervous system (ahout 120,000 years per m:llion l~~e

births), of the alimentary system (43,000 years per million live births) afid otherR.

-9-



39. One possible crud. way of exprea.ing d~triment i. in terms of the number 01

years of actually impair.d lif.. Expr ••••d in this waV, anomalies of the
cardiova.cular sy.tem are a••ociated with the gr.ate.t amount of detriment
(98,000 years per million liv. birth.), follow.d by tho.e involving the genital
organs (7~,000 years per million live birth.), chromosomal anomalies (56,000 years
per million live births) and o~h.r••

40. On the basis of the above analysi., a comparison of the detriment caused by
congenital anomalies with th&t caused by monogenic disorders (the latter i.
discussed in the 198~ report) reveals that detriment is much higher for congenital
anomalies.
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Ill. DOSE-RESPONSE RELATIONSHIPS FOR RADIATION-INDUCED CANCER

41. The Committee examineG the nature of the dose-response relationships for a
vac iety of cellular and sub"cellular radiobiological effects in vitro and in vivo.
Under a number of simplifying assumptions, the quantitative information derived w.s
used to fit various model. of radiation action to cancer induction data in
experimental animals and in humans in an attempt to predict the posoible shape of
the dose-induction curves f~r cancer at low doses and dose rates that, although
most interesting for practical purposes, cannot be studied directly. These
procedures enabled the committee to suygest the most probable form that the
relationships for several types of cancer would ta~e under these conditiol~s and the
type of bias that might affect the estimdtes of risk coefficients ai: low doses and
dose rates, if one or the other model should apply. ThlS exercise is seen as an
important preliminary step towards a re-evaluation of th~ risk estimates for
radiation-induced cancer, which the COmmittee is planninq to release in thA near
future.

42. In order to estimate the risk coefficent, i.e. the frequency of
radiation-induced cancer or the relative increase of tum~ur frequency per unit dose
ever the natural incidence at low doses and dose rates, two types of information
~re required. first, empirical data on t ~ inciden~e of various forms of
malign~ncy at rela~ively high doses where observatioo8 have actually been maJ*,
and, secondly, a knowledge of the form of the relationships linking the incidence
of cancers with the radiation dose. Such data would allow predictions to be made
of the cancer incidence at doses, and perhaps also at dose rates, very much lower
than those at ~hich direct Observations are available in humans.

43. When the incidence of a given tumour in exposed animal or human populations is
followed as a function of increasing dose, several finJings are apparent. At
relatively low doses (about 0.1 gray of sparsely ioniz~ng radiation), only seldom
(and then mostly in controlled animal expui.ments) ca.1 a statistically significant
increase of cancer or leukaemia be shown. At higher doses (from a few to several
grays, with considerable differences hatween different tumours), the incidenc~ of
such malignancies may be shown statistically to exce~ the level observed in
non-exposed control populations, the excess increasing as some function of the
dose. At still htgher doses (many grays) the incidance gradually st~rts to fall
off, owing to cell killing. Dose-response r~lationships of this type, passing
through a maximum at some intermediata dose, are oftan found in experimental
animals.

44. The usual interpretation v~ s~ch a shape postulates the concurrent presence of
two different phenomenal (a) a do~e-related increase of the proportion of normal
cells that are transformed into malignant ones, and (b) a dose-related decrease of
the probability that such cells may survive the radiation exposure. Both of these
phenomena are normally operating ~n the region of doses Where data ate available,
but to a different degree for valious dORes and different types of career. With
this interpretation, some of the cells thlit would otherwise show transform~tion are
killed, so that the fraction actually seen as transformed is r~duced at high
doses. What ha~pens at the low doses, where direct information is lacking, may
only be inferred from a combination of empirical data and theoretical assumptions,
linked together into some models of radiation action.

45. The models referred to ate simplified semi-quantita~ive representations of
complex biological phenomena. Present knowledge of ~he mechanisms of
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carcinogenesis, including radiation carci~ogenesis, is not adequate to design
comprehensive models accounting for all physical and biological factors known to
influence the induction of cancer. To a'foid Home of the complications involved,
the Committee suggests that the range of doses over w~ich extrapolations may
meaningfully b.· performed should be limited to low and intermediate doses, below
about 2 grays of sparsely ionizing radiation. Under these conditions, it seems
likely that no serious distortions would reflult from non-stochastic radiation
effects, which are observed when doses e~ceed fairly high thresholds,
characteristic for each tissue and each effect.

46. The [ormulation and analysis of m(~p.ls of radiation carcinogenesis must rely
on a few basic assumptions, as followsl

(a) The observed dose-response relationships for clinically visible tumours
in vivo approximately reflect the relatlonship between dose and cancer initiation
at the cellular level, despite host reactions and the effect of latency, which may
modify this relationship to some degree. This assumption is based on the overall
similarity of the dose-response curves for cancer induction with those of various
other cellular effects of radiation. Toe Committee postulates this concept simply
as a working hypothesis,

(b) Cancer initiation is believed to be a uni-cellular process occurring at
random in single cells. This is also a working hypothesi~ that has n~t yet
definitely been proved. However, evidence la the contrary, i.e. that cancer
initiation takes place in several cells, is lese convincing, although some limited
evidence supports the idea. The uni-cellular theory of cancer induction is
compatihle with the notion that some, dt~ll ill-defined, influences resulting from
irradiation of neighbouring celln or other or~ans may modify the probability that
an initiated cell will develop into an overt malignancy. Fir~ biological evidence
in favour of this last notion is very fragmentary,

(c) The absence of a dose threshold for induction io characteris~ic of man:',
if not all, tumours. For some animal tumours (e.g. tumours of the ovary or thymic
lymphoma of the mouse). threshold-type dose-response relationships are observed.
In other cases (e.g. tumours of the skin), cancer is only induced with great
difficulty, i.e. after high doses of radiation. In still others (i.e. epidermoid
lung cancer in humans), the data are uncle~!, owing perhaps to a short follow-up of
the patients. In spite of these excepttons, however, the absence of a threshold
dose is assumed by the Committee as a wor~ing hypothesis for the moment,

(d) The susceptibility of an irradiated animal or human population to tumour
induction is assumed to follow a bell-shaped distribution. Althou~h genetic
predispo3itions to the development of some forms of malignancy are well documented,
efforts to show that such phenomena apoly also to radiation-induced human cancer
have not been successful so far. TheLefore, pending further studies, t~e same
distribution of susceptibilities to the inrluction of cancer in irradiated and
non-irradiated populations is also provisionally ~ccepted BS a work~ng proposition.

47. On the ahove assumptions, it is possible to infer likely shapes for the
dose-response relationships of rddiation-indJccd cancer. Such inferences rely on
the analysis of various other radiation effects observed at the cellular level.
These effects involve the cells' genetic material, which is also thought to be the
primary target for cancer initiatio~. The production of mutations ~nd chromosomal
aherrationA in somatic and germinal cells and thp. oncogenic transformation in vitro
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of mammalian cell lines are examples of such effects. If cancer induction in viv~

involves mechanisms similar to or related to those undeclying the effects listed
above, it ie expected that all these phenomena will respond similarly with respect
to changes in dose, dose rate and fractionation. As such similarities have
actu~lly been observed, it may be possible to extrapolate the shape of
dose-response relationship~ between the effects mentioned above and the phenomenon
of cancer induction.

48. Three basic non-threshold models of radiation action as a function of dose
have been reviewed with respect to such cellular effects ~nd to cancer initiation.
the linear, the linear-auadratic and the pure quadratic models. Notwithstanding
some exceptions, these may provide a general envelope for the dose-response curves
of a variety of radiation-induced end-points at the cellular level, as well as for
tumour induction in experimental animals and human populations.

49. The vast majority of dose-response curves for induction of point mutations and
Chromosomal aberrations by sp~rsely ionizing X-rays and gamma rays can b~ descrihed
by a linear-auadratic model. For the same end-points; when cell killing IS

accounted for, a linear model usually applies to densely ionizing radiations such
as alpha particles or neutrons. As a rUle, fOl a number of Chromosomal sttuctural
abnormalities, curvilinearity (upward concavity) is observed for sparsely i,>nizing
radiation. For the same effects and a wide range of doses, linearity prevails for
densely ionizing particles. Linearity of the dose-response for somatic mutations
and terminal chromosomal deletions has been found in some cell lines, even for
sparsely ionizing radiation, although this is rare.

50. Approximate estimates of proportionality constants linkinq the chromosomal
effects with the dose or its sauare may be obtained experimentally, they allow the
freauency of such effects to be predicted at low doses and dose rates from
observations at higher doses. For cancer induction, however, only fragmentary
information supports the notion that similar auantitative relationships with the
dose might apply. The Committee has estimated that, if the risk of tumour
induction at 1 or 2 grays of sparsely ionizing radiation (at high dose rate) were
extrapolated linearly down to zero dose, this procedure would overestimate the risk
by a factor of up to five in typical situations.

SI. Over the past few years, much information on radiation-induced oncogenic
transformation of mammalian cells has become available. The cancerous nature of
the transformed cells is shown by the fact that after transformation in vitro they
are ahlp. to form malignant tumours Jpon transplantation back into animals under
appropriate conditions. Transformation in vitro is therefore regarded as a model,
alheit a simplified one, of radiation carcinoqenesis at the cellulaL level. Cells
exposed in vitro to sparsely ionizing radiation 24 hours after seeding are
transformed according to complex kinetics that cannot be fitted to models used for
other cellular effects such as cell killing. Moreover, fractionation of the dose
(below 1.5 grays total) has in some instances appeared to enhance transformation,
whi~h is contrary to what would be predicted by a linear-quadratic model, in other
tnstances, however, it has clearly not enhanced transformation.

52. Further research is needed to reconcile such conflicting observations on the
nature of the response after fractlonatinn at low doses. Several experiments
indicate that anomalous results can arise from atypical conditions of cellular
growth soon after establishment of the culture. In fact, irradiation of
non-dividing cells or cells under exponential growth cc,nditions (which are thought
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to be more representative of an asynchronously dividing cell population i' vivo)
produces results that are compatible with those obtained for other cellular
effectsJ thus, for example, high-dose-rate gamma irradiation results in a greal r
freauency of tr~nsformation than low-dose-rate exposure.

53. There are indications that, when cells ar~ irradiated with neutrons, low dose
rates or dose fractionation may increase the rate of transformation, even at low
doses. However, whereas some observations on tumour induction in experimental
animale clearly sup~rt these findinqs, others do not. In other exp~riments,

enha.\ced transformation by neutron fractionation or protraction 1oI,IS seen only at
intermediate and high doses. In view of the paucity of such data and of the
uncertaint~es involved, further research is needed before enhancement of cancer
induction by neutron fractionation and protraction (relative to single or
high-dose-rate exposure) can be accepted for the purposes of risk assessment. ~uch

a possibility should, however, he kept in mind, even though the theoretical basis
to explain these phenomena is uncertain at present.

54. Recent experimental findings on radiation-induced tumours in experimenta~

animals have not substantially changed the main conclusions reached in annex I of
the 1977 report. Most data support the notion that dose-response relationships for
X-ray& and gamma rays tend to be curvilinllar and concave upward at low doses.
Under these conditions, tumour induction is dose-rate de~ndent in that a reduction
of the dose rate, or fractionation, reduces the tumour yield. A linear
extrapolation of the risk from high doseR delivered at high rates to zero dose
would thus, as a rule, overestimate the real risk at low doses and dose rates.
However, in one experimental mammary tumour system (matched by epidemiological data
on human breast cancer), irradiation with X-rays and gamma rays produced a linear
dOSe response with little fractionation and dose-rate dependence.

55. For densely ionizing neutron irradiation, turnour induction in animals follows
in gener~1 a very nearly linear curve at the lower end of the ~ose sC31e anJ shows
little dependence on dose rate. In some cases, however, enhancement upon
fractionation (and possibly protraction) has been noted. Above about 0.1 gray, the
CUlve tends to become concave downward, markedly so in some cases. Under these
conditions, a linear extrapolation of the risk down from intermediate or high doses
and dose rates would involve a variabJe degree of underestimation.

56. The Committee reviewed existing data on dose-response relationships for
radiation-induced tumours in man. This whole matter must be treated with caution
because, at present, observations are very fragmentary, those for neutrons totally
abRent, and definitive data for atomic bomb survivors at Hiroshima and Nagasaki are
still not available. For example, dose-response data for sparsely ionizing
radiation h~ve not been reported for lung and bone tumours, while data for densely
ionizing radiation have not been reported for thyroid and mammary cancer. For
sparsely ionizing radiation, the data available in some cases (lung, thyroid and
breast cancer) are consistent with linear or linear-quadratic models. For breast
cancer, linearity may, however, predominate, as the incidence is little affected by
dORe fractioradtion. The linearity of the response for lung cancer after exposure
to alpha particles from radon daughters does not contradict the above statement,
because the dose-squared component with alpha particles is minimal. Some doubts
atjll remain, however, as to osteosarcoma induced by bone-seeking alpha- or
beta-emitting radionuclides. Thus, in spite of the fragmentary ~haracter of the
data from humans, a general picture is emerging from which several tentative
conclusions can be derived.
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57. For sparsely ionizing radiation, linear extrapolation downward. from .bout
2 grays would not overestimate the ri.k of brea.t and pos.ibly thyroid cancer,
would slightly overeetimate the risk of leukaemia and would definitely overe.tiaate
the riek of bone sarcoma. A lack of direct evidence does not permit any •••e....nt
to be made of the magnitude of the overestimate for lung cancer.

58. For densely ionizing radiation, the ri.k of lung cancer from accumulated
exposuree to radon decay products at low dose rate. from do•• l.vels roughly
corresponding to 20 to 50 eieverts would neith.r be ov.restimated nor
underestimated by linear extrapolation to v.ry low do.... Howev.r, .xtrapol.tion
from observations made at higher cumulat.ive exposur.s might re.ult in a .ignific.nt
underestimation owing to ob.erved flatt.ning (saturation) of the do••-re.pon.e
curve ~n this region. It should be stressed chat the absolute risk coefficient.
derived for male miners, of whom a high proportion are smoker., should not l~

applied to the general pUblic without due corrections for various factor.
(intensity of smoking, lung ventilation rate, presence of other contaminating
pollutants etc.) that are thought to increase the ri.k in min.r ••

59. The incidence of bonp aarcoma after alpha-particle internal irradiation by
long-lived bone-seeking radionuclides ie distorted by the .xistence of a pronounced
inverse relationship between ~~cumulated do.e and latent period, r••ulting in an
apparent threshold at low doses. If this is a correct explanation for the upward
concavity of the dose-response relationship, a linear extrapolation from a mean
skeletal dose of a few tens of grays down to the milligray region would gro••ly
overestimate the risk.

60. No data are available at present on the induction of brea.t c.nc.r and
leukaemia in humans by densely ionizing radiations and therefore no direct
inferences can be made about risk extrapolation to the low-do.e domain. On the
basis of general knowledge, if the risk at inter~ediate doee. could be d.rived from
data ~n sparsely ionizing radiation (euitably corrected for the gr.at.r
effe~ "iveness of the densely ionizing particles), a linear extrapolation down to
low ooses might either underestimate o~ correctly .stimate the real ri.k in the.e
cas.s.

61. For radiation-induced cancers of other organs, only data on experimental
animals are available. For sparsely ionizing radiation., upward concave
curvilinear dose-response relationships with pronounc.d dos.-rate and fractionation
eff.cts are usually four.J. If similar curves apply to cancers in human., d linear
extrapolation of risk coefficients (obtained at the int.rmediate dose region after
acute irradiation) to the low dose and low do.e rate. would very likely
overestimate the real risk, possibly by a factor of up to five. For den.ely
ionizing radiation, should relevant values become available, a lin.ar extrapolation
from high to intermediate doses would probably underestimate the ri.k.

62. Upon close inspection of the data, yome regularities seem to em.rge that may
indirectly help in assess1ng the character of dose-response relationships in
humans. A similarity was noted in the shape of the relationship. betw••n human.
and experimental animals for tumours of several organs for which reasonably good
information existsl mammary and thyroi6 cancers (sp~rsely ionizing radiation.) and
lung and bone cancers (densely ionizing radiations). 3hould this patt.rn be
confirmed, knowledge derived from epidemiological studies in humans at intermediate
or high doses and from the shape of the dose-response relationships in sever.l
animal species would make it possible to assese the bias introduced by linear
extrapolation of the risk coefficients to low doses.
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IV. BIOLOGICAL EFFECTS OF PRE-NATAL IRRADIATION

63. The Committee reviewed the followingl modern knowledge of developmental
events, particularly in the brain of mammalian embryos and fetuses, recent data
on effects induced by irradiation of animals in utero, and findings concerning
chUdrenlxposed to radiation in the mothers' womb during the atomic bomhings at
Hiroshima and Nagasaki. Thest· findings and a large body of older data were use. to
deriv~ quantitative e~timates vf risk for a number of radiation effacts in utero,
such as the induction of death, malformations, severe mental tetardation and
cancer. For the small doses and dose rates of radiation lik~ly to be encountered
in practice, lhe risk is judged to be small in ~ompari80n with the natural
incidence of congenital anomalies in non-irradiated individuals.

64. The conseauences of pre-natal r~diation ~xposure have attracted much attention
since the last review of this subje~t by the Committee in 1917. New information
from experimental animals irradiated ~~, recent findings of human embryology
(par~icularly in the central nervous system) and a review of dosimetric and
clinical data on children exposed bef0re birth during the atomic explosions at
Hiroshima and Nagasaki called for a new study of this subject. There was also a
need for a .i ~ re-assessment of ~ffecte such as the induction of malignancies
following i[ .diation in utero, which had not been covered in depth in the 1977
report.

65. The Committee had dlread7 identified and described t ~ main consequences ot
pr&-natal exposure in mammals and had roughly classified them as follows I

(a) lethal effects induced ~y r~ atively small doses before or immediately after

i
' implanta'CiC'n of the embryo into the uter ine wall or induced afler increasingly

higher doses dur ing all stage.s of intra-uter Ine development, to be expr"ssed either
before or afte~ birth, (b) malformations characteristic of the period of majur
'r9anGgen~~is when the main body structures are formed and especially of the most
~tive phase of ce~~ multipiication in the relevant structures, (c) growth

disturb~nces without malfor~~tions induced at all stages of development, but
particularly in the latter part of pregnancy, and (d) miscellaneous effects on
various body structures and functions. The Committee had concluded, on the basis
of considerable experimental evidence available at that time, that killing of
cel~s, maInly through the induction of chrom030mal aberrations, was the common
mechani.lft underlying all these effects, any differences were particularly related

, to the time during development when the radia~ion insult was applied.

66. It should be re5lized that congenital anomalies arise in all animal species
even in the absence of any radiation beyond that received from natural sources.
Human malformations may ~~ classified according to their cause intol those that
can be traced back to the ~utation of single genes (representing about 6 per cent
of all malformations scored at birth), tho~e originating from the incorrect
interplay of numerous genetic factors (about 50 percent), those (ltle to th'!l
pre.ence of chromosomal anomalies (~-out 5 per cent), and those caused by 80me
known environmental teratologic agencs (.lbout 6 per cent). "'''ere i8 no apparent
cau.e for about one third of all malformations. The incidence of congenital
anomalies depends to a large extent on che titRe at which they are scored. If a
level of about 6 per cent incidence of malformed babi3s at birth (birth prevalence)
iA taken a. an av.r,~e value for the human species, a higher v8lue applies to
.~bryo. anJ fetu.e. before b,rth, because the malf~rmed new-borns are only the
carri!r. of the rulative'y milder forms, which are compatible with life. Some
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malformations diBIlPI ..~ar after hirt.~. although more hecome evident that are not
scored at birth. -. us, the global incidence of m~lformations roughly doubles if
grown-up children, ':l!Ither than new-l,Drn babies, are eXi'lmined. The global incidence
figures are, hO"'lwf~r, highly dependent on a large variety of factors and so are the
figures pcrtainlnq to the varioull classes of malformations. A.ny assessment of the
radiation's effectiveness in inducing damage in utero must be \'iewed against this
nl\tural level 01: inborn defects and its variable expression,

67. The Committee reviewed much information derived from human specimenR and
experiments in non,,·human pdml!lles, establishing to an increasing degree oC detail
and precision the developmental events that are important ~or their radiobiological
conseauences. Mor.phological embryology is gradually providing an accur.ate
df'scription of thf~ otages in embryonic human growth, in good agreement w1th the
results of non-invaaive clinical measurements. The newest findings are
increasingly pointing to the cerebral cortex as an extrem1!ly sensitive structure in
human development, particularly (but not exclusively) in early pre-natal life, from
the eighth to the fifteenth week ~fl&L fertili~ation. At the same time, the
microscopic study of the brain cortex is providing a very detailed picture of the
cellular events ll~ading to the formation of this structure as development
proceeds. Such mt)rphological analyses are integrated by biochemical studies, which
help to provide ~n overall description of the structure and function of the
develop"ng brain.

68. These studies show the formation of the cerebral corte~ as a carefully
programmed and uniQue sequence of e"ents in which cell division, migration and
.naturation are taking place concomitantly. Numerical, spatial and temporal
relacionships between various type3 of cells must be maintained with a high degree
of precision in order for the brain c~rtex to be correctly assembled and its
function normally developed. Disruption of this programme of cellulae and tissue
phenomeni'l by radiation, coupled with the limited capacity for repair of n~urons,

th~ functional brain cells, may cause irreversible damage. Whether radiation
impinges on thE! reproductive capacity of the primitive brain cells, interferes with
the orderly migration to their Ultimate position in the cortex or inhibits
estahlishment of the appropriate cellular connection, the net result of the
radiation insult ill manifested in a los~ of cerebral, particularly mental,
(unction. This i.8 the picture, alb'3it very schematic, emrging from \:he available
data. However, the morphological anrl functional complexity of the developing brain
cortex defies any simple interpretation of radiation effects, on th~ basis of the
criteria applying to other self-renewing tissues of the body.

69. Pre-natal development of mammala in utero may be roughly divided into three
periods, the pre-implantation, extending from fertilization to settling of the
embryo into the ~terine wall, the major organogenesis, characterized by the
fc.rmation of the main body structures, and the fetal period, during which gro,,,th of
the structures already formed tak~s place. There is a very large variability in
the relative duration of these periods between animal species, as well as in the
total duration of intra-uterine life. Also, at any given st~ge of development, the
state of differentiation or maturation of anyone structure, with respect to all
the others, varies considerably in different species.

70. There have been no new findings in humans on the effects of radiation during
the pre-implantation phase, owing presumably to the difficulties of obtaining
information during this stage. In animals, however, many new data have been
produced by analyses in vitro and in vivo. These data have mainly confirmed the
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special sensitivity of the pra-implantation embryo to killing and a decr.eaaillg
sensitivity with increasing developmental compleXity, with ample oecillations of
the responses as a function of time, particularly during the earli~st phaseA of
embryonic deveiopment. In the rodent, doses on the order of one tenth of a gray or
less have been reported to incraase mQrtality significantly for irradiation during
pre-implantation.

71. Por irradiation during the phase of major organogenesis, new data on
experimental animals have added details to the previously known pintur~ but ~ave

not substantially altered its main features. At this stage, malformatlve effects
emerge as the most prominent consequences of irradiation, sometimes accompanied by
growth disturbances of various structures or of the whole body. The presence of
maximum sensitivity periods at the time of the main differentiatio~ of the various
structures results in a marked time depen~ence for the appearance Ol various t~es

of malformation. so~ malformations, particularly those of the skeleton, have been
very well studied as a function of dose, generally confirming a curvilinear trend,
others, especially those of the central nervous system, have been carefully
analysed in terms of cellular events and reactions leading to thefr formation.

72. COntrary to what is observed in experimental animals, radiation-induced
malformations of body structures other than the central nervnus system are uncommon
in humans. The Committee has discussed the reason. for such a difference. Beyond
any explanation, however, the discrepancies between diflerent species must be taken
as a warning against indiscriminate attempts to proj~ct t1ndings across species
without due consideration of the embryoloqical character.istics of each species,

, s~ort of this, any extrapolations, particularly the quantitative ones, would be
un.,arranted.

73. Radiation-induced damage to the c~ntral nervous system in humani' Js first
observed at the conventionally assumed end of organogenesis (eight weeKS
post-fertilization) and extend. well into t~e fetal period (up to 25 weeks). A
re-examination of the dosimetric and clinical findings in individuals irradiated
in utero at the time of the atomic explosions in Japan has allowed an important
;t8pfOtward to be made in the analysis of effects and the establishment of a risk
estimate in man. At the same time, morphological and biochemical studies on human
samples have established a clear-Gut correlation between the time of maximum
sensitivity of the brain structures and the time of most intense division and
migratiol of the neurons in the brain cortex, thus extending to man a concept found
to be valid for experimental animals.

74. A ~tudy of about 1,600 children exposed in utero at Hiroshima and Nagasaki to
various doses and at various developmental stages has confirmed that about 30 of
them have shown clinically severe mental retardation, an incidence ~ar higher than
would nGrmally be expected. When the occurrence of this conditicn was ~tudi~ as a
function of dftvelopmental stage at the time of the bombing, it was found that
Mental retardation was not observed before 8 weeks from conception, was a: a
maximum between 8 and 15 weeks when neuronal proliferation in the cortex lS most
active, and then was somewhat lower between 16 and 25 weeks when the supporting
tissues in the brain develop and connections between neuronal cells are
established. The incider.ce of mental retardation as a function of dC4@ ia reported
to be apparently linear without ~hreshold at 8 to 15 weeks, with a r.is~ coefficient
of 0.4 per gray. The incidence is about four times lower at 16 to 25 wee~s. There
is an indication that, in addition to these extrem~ mental handicape, other leas
prominent functional brain d~ficits might be pre.ent in children irradiated
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in uteco, and it is expected that this cohort will eventually yield more useful
inlormation. While some aspects of these findings may not yet ~ explained on
available radiobiological knowledge, there is no doubt as to their overall
interest, particUlarly with respect to thp quantification of the attendant risk.

75. A varitlty of effects have been documented in the experimental aniul f .Hawing
irradiation during the fetal stages, including effects on the haemopoietic syste.,
the liver and tile kidney, all occurring, however, after fairly high radiation
dOAes. The effects on the developing gonads have been pArticularly well
documented, hoth morphologically and functionally. There appears to be at present
little correspondence between the cellular and functional damage as a function of
dose, but doses of a few tenths of a gray as a minimum are necessary to produce
fertility changes in va~iou8 anin.l 8pecies.

76. Data on effects in utero following the uptake of radioactive substances by the
mother and their pa8sage to the developing fetus are very fragmentary, particularly
in view of the ~ny variables that may influence the dose eventually delivered to
the conceptu8. Among the moot important variables the following should be
mentionedl the physical and chemical characteristics of the radionuclides, the
route and schedule of administration, and the kinetics of transfer and metabolism
in the mother, through the placenta and into the fetus. Only for some nuclides of
practical importance (tritium, plutonium and iodine) is the amount of information
slightly more extensive, but there is clearly a need to enlarge the data ba.e in a
systematic way to other nuclides and to investigate an adequate range of
concent~~tions and tissue doses.

77. A number of physical and chemical factors have been reported that appear to
modify the response of the developing mammals, but hern again the information is
insufficient for broad generalizations. Among the physical factors, both the type
& . energy of the radiation, with values of the relative biological
eftectiveness (RBE) on the order of five for neutrons at intermediate doses, have
been examined in so ..• detail. Fractionation and protraction of the dose have also
been investigated for both sparsely and densoly ionizing radiations and have
consistently produced a reduced effect in comparison with singly administered
doses. The pictl1re emerging from these data is sketChy, hawever, and leav.s
conspic~ous gaps in our knowledge. Among the chemical factors, oxygen and a
variety of radio-protective and radio-sensitizin r ' drugs have been proved (at least
aualitatively) to have modifying effecta in develuping tissues similar to those
8een in adult tisaues. There have also been some scattered results from combined
tre&tments of radiAtion with other agents, although much more systematic work \ould
be reau1rP.d to sub8tantiat~ some claims, particularly those of synergietically
active treatments.

78. The Committee has reviewed in some depth the data available on the 1ndllctior.
of tumours in animals irradiatl!d pre-natally in an attempt to compare their
susceptibility witb that of animals irradiated after birth. Such comparisons are
rendered particularly difficult, however, owing to variations in species, strain
and sex, the lack of extended time- and dose-~er~nse analyse., and the interplay
of various biological end-points. In the Committee's opinion, the &vailable
evidence fails to substantiate the existence of a higher susceptibility to
radiation-induced carcinogenesis of animals in utero and point., on the contrary,
to a lowor susceptibility. Differences in tumour types arising tn animals
irradiated hefore or after birth are probably the most consiatent finding in the
work analysed, a finding that is not unexpected in view of the different
developmental atages of the animals at irradiation.
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79. In humans, evidence on tumour induction by pre-natal irradiation comes
essent~ally from two major sources I firstly, children that survived in utero
irradiation at Hiroshima and Nagasaki and that have continued to show no evidence
of exceas cancer in the studie~ conducted so far, secondly, two large retrospective
studies of children exposed in utero for medical reasons. The latter group of
children has consistently shown an excess of tumour and leukaemia cases over the
first 10 to 15 years of their post-natal lif. to a level roughly 50 per cent above
the natural incidence for the low (but not very well know~) doses involved.
COrrection of the data for a number of social ~nd medical fftctors that might have
distorted the association between irradiation d' 1 incidence of tumours i~ those
children was insufficient to cancel the correla on entirely. Thft Committee has
reviewed and discussed several inconsist~ncies between the experimental and the
human findings, as well as between the epidemiological findings th&mselves.

80. Beyond the existence of the association itself, whiCh appears to be
sufficiently well established, the most significant issue in this res~bct concerns
the causaltty of the pre-natal radiation treatment in increasing the poflt-natal
incidence of leukaemia a'ld cancer. The Committee believes that the important
considerat ion in these matters is the existence of the association. Denying the
causal relationships on the basis of the o~erall inconsistency of the experimental
and epidemiological findings would mean emphasizing scientific considerations over
the practical need of allowing for any possible risk. The Committee has the.refore
decided to accept provisionally the causal nature of the association for practical
purposes, while emphasizing that this is simply on account of prudence and not on
any firmly established scientific 'founds.

81. At the end of ita review, the eo,mittee attempted to derive Quantitative risk
estimates for a number of radiation-induced effects in utero (mortality, induction
of malformations, mental retardation, tumours and leukaemia) and to attribute the
risk to the periods of pr~gnancy OVBr which it applies. Under a number of
~ualifying assumptions, it is possible to conclude that for the sm~\l dOBe~ likely
~o be encountered in practice the overall risk is relatively 8mall (no more than
0.002 for the live-born at 0.01 gray) in relation to the natural incidence of
,alformations 1n non-irradiated individuals, which is on the order of 0.06 in the
human species.
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APPENDIX III

List of reports received by the Committee

1. Listed below are reports receiv~ by the Committee from Governments between
11 Nove.ber 1982 and 14 April 1986.

2. Reports received by the Committee before 11 November 1982 were listed in
earlier reports of the Committee to the ~neral Assembly.

DocUllent No.

A/N:.. 82/G/L.
1673

1674

1675

1676

1677

1678

1679

1680

1681

Country

Czechoslovakia

Union of Soviet
Socialist Republics

Germany, Federal
Republic of

United Kingdom of
Great Britain and
NOrthern Ireland

United Kingdom of
Gr••t Britain and
NOrthern Ireland
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Union of Soviet
Socialist Republics

Union of Soviet
Socialist Republics

Union of Soviet
Socialist Republics

Title

The values of strontium-90 concentration
in veetebrae,
11 November 1982

Ingestion of global strontium-90 and
ca.sium-137 with the food ration of the
population of the So~iet Union 1976-1979,
11 November 1982

Environmental radioactivity and radiation
1eve1~ - annual report 1979,
11 November 1982

Radioactive fallout in air and rain.
results to the end of 19~1,

11 November 1982

Environmental radioact1~ity surveillance
programme. results for the UK for 1981,
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25th report of the Federal commission on
radioactivity for the year 1981,
IS November 1982

combined effects of radionuc1ides and
external irradiation on the organism of
rats,
23 November 1982

Stu~teB on the radiation health in the
Rusaian Soviet SOCialist Republic (RSFSR)
following the 9uatospheric fallout of
s~rontium-90 and caesium-137 1963-1978,
23 NOvember 1982

Calculations of microdosimetry
charactftristics for heavy charged particles
with energy levels of 2-10 MeV/nucleon,
23 November 1982
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1682
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1690
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Country
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Union of Soviet
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Environmental radioactivity and radiation
levels - annual report 1980,
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Combined effects of radiation and chemical
factors,
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Surv~~ilance de la radioactivite en 1981,
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Radioactivity measured ~t Mol 1980,
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Environmental Measurements Laboratory:
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Environmental Measurements Laboratory:
Worldwide deposition of strontium-90
through 1981,
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Radioactive fallout in air and rain:
results to the end of 1982,
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Lu~g cancer in exposed human populations and
dose-effect relationship - July 1983,
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Environmental radioactivity surveillance
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OCcupational exposure to ionizing Ladiation
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through 1963,
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results to the end of 1984,
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