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| . INTRODUCTION

1. This is the ninth substantive report of the United Nations Scientific
Committee on the Effects of Atomic Radiation (UNSCEAR) 1/ submitted to the General
Assembly. 2/ As anticipated 4nits 1982 report, UNSCEAR had been planning to
conduct detailed studies on selected subjects, together With conprehensive
assessnments of the type normally issued. This report contains reviews of three
special topics in the field of bhiological effects of ionising radiation that are
anong those currently under consideration by the Committee: genetic effects of
radi ati on (annex A), dose-response relationships for radiation-induced cancer
(annex B) and biol ogical effects of pre-natal irradiation (annexcC).

2. Th= preparation of this report with its scientific annexestook 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
del ayed pending the dosinetric revision on the survivors of .iroshima and
Nagaraki. Most of thescientific workfor this report was done at neetings of
groups of specialists, which considered working papers prepared by the Committee
secretariat thatwere modi fied and amended from one session to the next, according
to the Committee's reouests. The report itself wasq drafted at thethirty-fifth
session. VK. 2. Jaworowski (Poland), Mr. D. Beninson (Argentina) and

M. T. Kumatori (Japan) served as Chairman, Vice-Chairman and Rappor teur,
respectively, at the thirty-first session. The follow ng members of the Committce
acced insuch capacities at subseauent S€ssions: M. D. Beninson ('.rgentina),

Mr. T. Kumator i (Japan) and MK A H dayatal | a (Sudan) at the thir’y-second and
thirty-third sessions) and Mc. T. Kumatori (Japan), M. A Kaul (Federal Republic
of Germany) ané Mr. A Hdayatalla (Sudan) at the thirty-fourth and thirty-fifth
sessions. The names OF those experts who attended thethirty-first to the
thirty-fifth sessions of the Conmittee as official representatives or members of
national delegations are listed in appendix I.

3. The Conmittee was assisted in the preparation of the report by a small
scientific staff and by consultants appointed by theSecretary-Cenerai. That

group, whose members are listed in appendix |l, was responsible for the prelininary
review and eval uotion of thetechnical information received bythe Conmittee OK
publ.shed in the open scientific literature. In approving thereport the Committee

itself assumes full responsibility for its content! it wishes, however, to
acknow edge the hel p and advice given by the group.

4. Representatives of the Wrld Health Organization (WHO), the International

Atom ¢ Energy Agency (I AEA) , the International Conmission on Radiol ogical
Protection (xcrRp) and the International Comm ssion on rRadiation Units and
Measurements (ICRU) attended the sessions of the Committee held during the period
under review. The Conmittee wi shes to acknow edge their contribution to the

di cusgion. Repregentatives of the United Nations Environnent Programme {(UNEP), to
which the secretariat of the Ccnnittee is attached, were also present at all the
aeesions. 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 memhers of the specialized agencies and of | AEA, as wel| as from those
agenci es thensel ves, 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



earlier reports of the Committee to the General Assenbly. The information received
officially by the Commttee was supplenmented by and interpreted in the light of
other data available inthecurrent scientific literature or, in sone rare cases,
from unpuhliahed comunications of individual. scientists.

6. In the following sections, the Comrittee summarizes the main concl usions of
the apecialized studies on the three topics nentioned | n paragrapr 1, also in the
light of previously released substantive docunents.

1. Fol lowing past practice, only the main text of the report is euhnitted to the
General Assenbly, while the report, together with the scientific annexes nentioned
above, will be issued as a United Natiora sales publication. This practice is
intended to achieve wder dissemnation of the findings to the international
scientific community, which makes use of the Committee's assessnents as a source of
i ndependent and authoritative information. The Committee wishes to draw the
attention ofthe General Assenbly to the fact that separation of the main textof
the report fran its scientific annexes is sinply for reasons of convenience. |t
should be borne in nmind that the scientific data given in the annexes are very
inportant and form the basis for the main conclusions contained in this report.

Note8

1/ The Conmittee was established by the General Aaeenbly at its tenth
session in 1955. |ts termsof referenc2 are set out in resolution 913 (X). It was
originally conposed of the following Meaber States: Argentina, Australia, Bel gi um
Brazil, Canada, Czechoslovakia, Egypt, France, India, Japan, Mexico, Sweden, Union
of Sovi et socizlist Repuhlice, United Kingdom of Geat Britain and Northern Ireland
and United States of Anmerica. The nenbership of the Conmmttee was subsequently
enlarged by the Assembly in its resolution 3154 C (XXVI11) to include the Federal
Republic of Germany, Indonesia, Peru, Poland and the Sudan.

2/ For the previous substantive reports of the Conmittee, see (fficial,
Records of the Ceneral Assenbly, Thirteenth Session, Suppl enent No. 17 (A/3838);
ibid., Seventeenth Session, Supplenent No.16 (A/5216)) ibid., Nineteenth Session,
Suppl ement No. 14 (A/5814)) ibid., Twenty-first Session, Supplenent No. 14 (A/ 6314
and Corr.l)y ibid., Twenty-fourth Session, Supplement No.13 (A/ 7613 and Corr.l)
ibid., Twenty-seventh Session, Supplenent No.25 (A/8725 and Corr.l)) ibid.,
Thirty-second Session, Supplenent No.40 (A/32/40)j and ibid., Thirty-seventh
Session, Suppl enment 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 reports,

i respectively. The 1972 report with appendices and scientific annexes was also nade
available as: lonizing Radiation: Levels and Effects, Volune |: Bevels (United
' Nations publication, Sales No.E.72.IX.17); and Volune IIs FEffects (United Nations
publication, Sales No. E 72.1X 18). The 1977 report wth appendices and scientific
annexes appeared as: Sources and Effects of lonizing Radiation (United Nations
publication, Sales No.E.77.1X.1). The 1982 report wth appendicea and scientific
annexes appeared as: lonizing Radiation: Sources .nd Biological Effects (United
Nations publication, Sales No. E 82.1X 8).




1. CGENETIC EFFECTS JF RADI ATl ON

8. The Committee revi ewed recent advances in various areas relevant to the
evualuation of genetic radiation hazaxdsin man. The most important areas are: &
identification of tke preval ence of naturally occurring monogenic, chromoaomal and
other disorders) the use of reconbinant DNA technol ogy for the analysis of hunman
genetic nmaterial innormal individuals and in those with genetic diseasey the

rel ati onahi pr between gene mutations, chromsomal aberrations and cancer) the role
of novabl e genetic el enentn in the production of spontaneous mutation8 and their
implications for theestimates of tbe genetic risky and other data directly or
indirectly bearing onthe quantification of yenetlc hazards and detrinent in man.
As a result of this extensive analys«s, the Committee beliavee that the assessment
of radiation-induced genetic risk contai ned in its 1982 report remains broadly
valid.

9. The considerations that determ ned the choice of the major themes | i sted above
can be briefly summrized as follows: (a) a precise know edge of the preval ence of
Mendel i an and chronoaonal disorders and those with a strong genetic predi sposition
constitutes an essential framework for perceiving theinpact of suchdisorders in
human popul ati ons and for placing the estimates of the radiation risk into
perspective, (b) the advances i N recombinant DNA technol ogy that have occurred
during the past few years have inparted alevel of precision hitherto notpossible
to the atudy 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 Oof sportaneous and radi ation-induced mutatlons and for formulating new
approaches to the managenment of heritable disorders, (c) the recent convergence of
ideas and techniques from viral oncology, cell genetics and nolecular biol ogy has
resul ted in major breakthroughs i n know edge on the molecular genetic basis of
several spontaneously arising and nutagen-induced cancers) (d) the denpnstration
that there are novabl e genetic elements (mobile DNA aeauencee) in a number Of
species (and presunptive evidence for their occurrence in humans), and that a
sizeable proportion of spontaneous mutations (in bacteria, yeast and drosophila)
are due to these movable genctic sequences, is raising auestions concerning the
extent to which they may be causi ng spontaneous nut ati ons in humans and whether
there is adifference In nature between radiation-induced and spontaneous
mutations) and (e) new data from human studies on detriment associated with certain
spont aneously arising disorders of complex aetiology, aswell asthatfrom

manmal i an and ot her studi es ongenetic effects of radiation, illustrate the
validity ofthe Committee's earlier views and concl uai one.

10. New data on the preval ence of certain specific monogenic di sorders in humans
essentially coenfirm the Conmittee’s earlier assessnments. Likewise, a re-analysis
of data beariig on the contribution of chronoeonal anonalies to spontaneous

abortions and still births suggests that at | east 40 per cent of the spontaneous
abortions that occur In the period from the fifth to the twenty-eighth week oOf
gestation and about 6 per cent of still births ace associated with chronmoeonal

anomal i es. Recent results from cytogenetic surveys of new-borns carried out using
bandi ng methods show that the f ceauenci es of spontaneously occurring r eci procal
transl ocations and inversions are higher than those det ected in studies in which
bandi ng met hods were notused.

11. The freauenciesof chromeomal anonelies in patients with nental retardation
and nultiple congenital anomalies vary from about 2.5 to 20 per cent with a mean Of



about 12 per cent. In sub-fertile males, the prevalence of such anomalies is an
order of magnitude higher than in newborne (6.0 per cent versus 0.6 per cent), hut
the fceauencies of specific anomalies show considerable variation.

12. A auhatantial anmount of information has now becone availahle onfragile sites
on human chronosones. These are chronosomal regions exhihiting fragility (as

evidenced by abnormal chronosomal configurations in netaphase preparations), which
can be nade visible under specific tissue culture conditions. The fragile site is
always at exactly the same point on the chronosones in all individuals or Kindred,
but is never seenin all cells examined. About 40 fragile sites are currently

known, including one onthe long armof the X-chronbsome. The |atter .a associated

with X-1inked mental retardation and is thea nost common genetically determ ned

causeof mental handicap, next only to trisony-21 (Down's syndrone). There are
indications that certain fragile sites on chromosomesot her than the X-chronpsone
mry predispose chronmosones to breakage. There is evidence, furthermore, that
ceveral non-random chronosonal changes involved in certain cancers rhave breakpoints
that «nincide with the fragile sites.

13. A systematic conparison of three studies of the estimated live-birth
prevaiences 0Of congenital anonalies - a prospective study in the United States
(which ainmed at complet~ ascertainnment) and two retrospective studies (one in
British Colunbia, the data from which were discussed in the Conmttee's earlier
reports, and another carried out in Hunrary) - shows that the prevalences vary from
8.5 per cent in the United States to 6.0 per cent in Hungary and to 4.3 per cent in
British Columhia. Among the reasons for the differences between those estimates
are geographical and ethnic variations and differences in ascertainnent
efficiencies. Particularly noteworthy i s the finding trat muecul oekel et al

anomal ies constitute about 50 per cent of all congenital anomalies in Hungary,
about 45 per cent in the United States and about 30 per cent in British Colunbia.
Anomal ies of t*.e integument constitute, furthernore, about 10 per cent of the total
in the United States, and at~t 1 per cent in Hungary and British Colunbia. The
Comittee has used the 1i»- .rth preval encea fromHungary (6.0 per cent) as a
hanis formaki ng detriment estimtes for spontaneously arising congenital anonalies.

14,  Prelimnary data suggest that the prevalence of other disorders with a strong
genetic predisposition, which are disorders primarily of adulthood, may he at |[east
about 60 per centin Hungary. Each of these disorders has a population preval ence
of not less than 1 per 10,000. The values for the individual conditions in Hungary
are well. within the ranges reported for other countries. These conditions are both
aetiologically and clinically heterogeneous. The estimted population prevalence

of 60 per ¢ nt is an order of magnitude higher *han the 4.7 per cent for British

Columhia. It should, however, be stressed that: (a) since many individuals have
more chan one disorder, the actual proportion of the Hungarian popul ation that
suffers is probably less than 60 per cent although still far nore than the

4.7 per cent in British Colunbia) and (b) the value of 4.7 per cent applies only to
disorders appesrirg before the age of 21, whereas the value of 60 per cent applies
to those appearing up to age *“o.

15.  During the past few years, the application of reconbinant DNA technol ogy to
the study of the human genone has revolutionized the field of human genetics. By
using a variety of enzymes specifically active on the cells’ genetic material, it
has becone possible to make direct analyses of normal and mutant genes. Sever al
findings energing from these studies have applications in the detection of carriers
of serious genetic di: orders, in pre-natal diagnosgis and in the typing of tumours



and |ynphomas. Mol ecul ar approaches are alsoi ncreasingly being used to study
mutation and DNA repair in manmalian cells.

16. Exciring advances have al so been made during the past few years in

under st andi ng the genetic baris of cancer. Among these, the followi ng deserve
mention: (a) the discovery that manmalian and other genomes contain nucl eoti de
sequences rel ated to viral oncogenes (i.e. genes responaible for the production of
tumours i N a number of avian and mammal i an speci es) and that these seauences,
termed cellular proto-oncogenes, have oncogenic potential! (h) the identification
of activated forns of proto-oncogenes in tunour cells and the di scovery that such
actirations can occur through poi nt mutations or specific chromosomal aberrations
in which the breakpoint may involve the cellular oncognne itselfy and (¢)the
probabl e participation of proto-oncogenes in the regulation of cell proliferation.

17.  The conceptual foundations for dealing with novable genetic elements, One of
the most active areas of current genetic research, were laid by McClintock over
three decades ago. From genetic studies with maize, shepostulated the existence
of what ¢ze now called novable genetic elenments. Such el enents have since been
discovered in a number of species, including bacteria, blue-green algae, yeast and
drosophila. There are several lines of evidence suggest ngthat they areal so
present in mammal lan (including human) genones, and sone ofthese have been
characteci zed at the nolecular level. In the organisns studied, thesetransposable
genetic elements have been shown to be capable of inducing chronosone breaks,
duplications and avariety of other structural alterations, aswell as gene
nutations and changes in gene expression at many genel oCi .

18. The finding that a sizeable proportion of spontaneous mutations in
experimental organisms studied in thin respect canbe caused by novabl e genetic
elements, and that therate of transposition is either notaffected or only

m ni mal | y so by exposure to mutagens, could haveinplications for the eval uation of
genetic radiation hazards. For instance, if the mmjority of spontaneous nutationa
i N humans i8 a by-product of the dynam cs of transposable genetic elements and if
the nature of these spontaneous mutations di ffers from that of nutati ons induced by
mutagens, the use of the doubling dose me.a»d in hazard evaluation may need to be
to-examned. There is, hwevec, noevider ce at present for thethesis that a
majority of spontaneous mutations inhumansis due to novable genetic el enents.

19. A number of recentstudi es on mammalian somatic cells have shed further |ight
on the nature Of the | eaione in DNA that | ead to chronoeomal aberrations and the
process of DNArepair aenociated with the formation of these aberrations.
Particularly interesting are the new data obtained by the use of restriction
endonucl eaaee. These are enzymes that recognize specific sequences in the DNA and
cl eave them, producing fragnents that are either blunt ended (both strands cleaved
at the sane position) or cohesive ended (each strand cl eaved atadifferent
position). Although the absol ute freauenciee of chromeonal aberrations werefound
to depend .. the restriction enzyme used, those producing blunt-ended DNA breaks
were much more efficient than those produci ng cohesive-ended breaks. Since these
enzymes are knowi: t0 produce only doubl e-strand ona breaks, these data provide
further direct evidence thatdcuble-strandbreaks i N the DNA are the princi pal
lesions involved in the production of chromosomal aberrations.

20. New data obtained on |ynphocytes (white blood calls) of patients wth

chromosome i nstabil ity syndromes show that, except in one case, the spontaneous
rates of mutation relative to those of blood cells from normal individuals are
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higher by factors ranging from 3 to 10. The newly dovel oped T-|ynphocyte cl oning
techni que has been successfully used instudies on radiation induction of
6-thioguanine nmutants in human |ynphocytes. The data show dose-dependent increases
in nutation frequency and al so show that these frequenciac are of the same order Of
magnitude as those determined in experimants with established fibroblast cell 1lines.

21, The results of an international collaborative study on the Xrayinduction of
chromosomal aberrations in human | ynphocytes in vitro show that atlow doses (from
0.004 to 0.3 grays) there is noincrease i N aberration yi el ds up to 0.05 grays,
beyond which the increase i s linear with dose. Furthermore, according to the
authors’ analysis, the frequencies of all types of abocrations at 0.004 grays are
significantly |ower thanthe contvol val ues.

22. Data from direct cytol ogi cal analysis of spermatozoa from normal human males
have shown that the freauencies of chromosomal abnormalities in these cells vary
between i ndi viduals (0 to 28 per cent)w th a mean of about 9.0 per cent.  Both
nunerical and structural anommlies have beenfound, the frequencies of the focmer
in different individuals ranging from0.6 to 5.0 per centand those of thelatter
frem 1.5 to 15.8 per cent. The frequencies of chronosomal |y abnornal spermatozoa
in men who had undergone r adi ot herapy were higher (averaging over 23 per cent but
ranging from 6 to 67 per cent, Wth asignificant correlation between the
frequencies of abnormal sperm and testicular dose) than before radiotherapy ana
were also higher than in non-irradi ated meny again, both structural and numerical
chronosomal anomalies were present.

23. The freauenciesof spontaneously arising chronpsomal anoma?ies in Chinese
hamst er oocytes and early zygotes have been dotermi ned usingan inproved chronosone
preparation technique. The data suggestthat the incidence of aneuploidy of
maternal origin (2.1 per cent)is three times higher than that of paternal origin
and first division aeiotic errors are about three times more frequent than second
di vi si on errors.

24. Further data on the X-ray induction of non-disjunction in young and old female
mice have become available. In one set of experinments, the frequencies of eggs
having more than the hapl oi d number of chronosomes (hyperhapl oi dy) were higher in
old (1.5 per cent) than in young (0.2 per cent) non-irradiated mice. AC ter

X irradiation, the frequencies of hyperhapl oid eggs from both young and ol d mice
showed a |inear relationship withdose, butthere were no differences between the
young and ol d miceinthisregard. In another set of experiments wth youngfemale
mice and eggs, sanpled at various intervals after irradiation, significant and
greater-than-linear increases in hyperhaploidy were found, am the eggs sanpled at
shorteri ntervals after irradiation were found to be |eas sensitive than thoee
sanpl ed at other time intervals. |In a further net of experinments, it was shown
thatt he 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 evi dence on the X-ray inductionof heritabl e reciprocal

ttansl ocationmin nale nice (followi ng spermatogonial irradiation) has been
obtained. This showathat there is a dome-dependent increase in frequency up to 6
grays, theaverage rate being (3.9 # 0.3) x 10~3 per gray. The frequencies of
tcanaiocatlone after 1.5 grays are consistent with expectations based on
cytogenatic studies, whereas at hi gher exposures the frequencies appear to be lower
than expected, in line with previous findings.



26. A comparison of the cytogenetic data on the X- or gamma-ray induction of

reci procal tranm ocations in a number of non-human primate species (including the
data reviewed in tha 1982 report) show that the epermatogoni a of one marmoset
species, Callithrix jacchus, have a sensitivity similar to that of the Rhesus
monkey. However, both these species are much | ess sensitive than another marmoset,
Saguinus _Queci collis. The crat-eating monkey, Macaca £fascicularia, is i nternedi ate
hetween Rhesus monkey and Cal | ithrix jacchus, and Saguinus fuscicollis, whi ch was
studied over 10 years ago. Changes in technique may be partly responsible for
these differoncee. The recently studied crab-eating monkey, Macaca fascicularis,
isabouttwi ce as sensitive as the Rhesus monkey to acuteirradi ati on, butthe most
recercljt data suggest that the former species may be |ess sensitive to chronic gamma
irradiation.

21. Data ow the induction by X-rays of congenital anomalies in the offapring of
irradi ated mice show that the i nci dence of theae anonalies (detected by_in utero
examination) ie aignificantly higher foll owing irradiation of poet-neiotic germ
cells in maies. The frequencies of these anonaliee also tended to rise after
sper mat ogoni al expoaure.

28, Further data have become available on the radiation induction of heritable
tumours in mice. Spermatids in males and maturing oocytes in Cemalea seem to be
the most sensitive stages for the induction of geneti c changes that | ead to tumours
inthe progeny) spermatogonia are also affected. The pattern of transmssion of
these tumours is consistent with a dom nant node of inheritance and a penetrance of
about 40 par cent; they also have a low expressivity.

29. In order to estimate the radiation risks associated with the i nduction of

raci pcocnl tranel ocatione in human germ cells, nodel studies using x-irradiated
blood | ymphocytee and G brobl aste have been carried out. The | ocation of the
transl ocatlon break points, lengths of megnente involved etc., were determ ned in
banded chromosomepreparations. The information so derived was useds (a) to

i nqui re into the minimum possi bl e inbal ance that each of these tranel ocatlona will
generate, should they occur in germ cellay and (h) to conpare these estimates with
thoee avail abl e from studies reported intheliterature of cases of partial
monosomies and trisomies (i.e. | 0SS or addition, respectively, of small chromosome
segments). The main concl usi on was that about two fifths of these translocations
coul d generate viable i nbal ances in terms of abnormal proveny. Mbre data are
required bafore these Ciquree can be used within the framework of riskassessments.

30. On thebasisof |inited data then available on the incidence of unbal anced
structural rearrangements in new-borne and in apontaneous abortuses, the comittee
estimated inits 1972 report that about 6 per cent of all human conceptions with a
structurally unbal anced chronmosone conplenent could result inlive births with
congenital anomalies. This value was also used in the Committee’s 1977 and 1982
reports. Recently, the Committee’s attention was drawn to an error in thene
calculationa, whi ch when corrected gave a Value of 3.5 prr cent. However, a
further re-calculation usingthe nore extensive datacurrently available led to a
revi sed estimate of 9 per cent of imbalanced products of bal anced reciprocal

transl ocati onmsurviving to birth andresulting incongenitally mal formed children.

32. Inits 1982 report, the Committee eat’ ated that the risk for the irradiation
of males from the induction of dominant mu. tions (| eading to genetic di sease in
the first generation progeny) lies in the range of one to tw cases of affected
individuals per nillion live-borne per nilligray of aparsely ionizing,
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| ow dose-rate irradiationy the rough estimate of risk for the irradiation of

femal es under simlar conditions was zero to onecase per mllion live births.
These estimates were based on the induction of dominant skeletal and cataract
mutations i N mce. New information from radiation-induced reduction of litter size
Inmce following exposure of parental males t0 X- or gamma rays suggests the
induction of genetic changes having dom nant effects in thefirst generation and
mani festing after birth at astage earlier thanthat under scrutiny in the akel et al
and cataract studies. The rate of induction of these changes appears to be about
one nalf of that mentioned above for males. It seemsprobahl e thatin the human
speci es these lethals would act at somestage in early life.

32. In its 1977 and 1982 reports, the Conmttee estimated that the risk from the
i nduction of autosomal recessive mutations (i.e. mutations in genes | ocat ed on
chromosomes ot her than the X) |eading to recessive genetic disease was neglijible,
and it made no further attenpts to quantify thisrisk. A recent study has shown
that it is possible to provide a quantitative estimate for this class of

dinorders.  These calculat ior 3, based ona conbination of data from observations on
human popul ations andfran experinments on mice, show that a one-time exposure to &
dose on the order of 1 mlligray of sparse.y ionizing, |owdose-rate irradiation of
the parental generationi S not associated with any risk of induced recessive
genetic disease in the first generat'on, thus confirmng the earlier conclusion of
the Committee. However, in the following 10 generations, such an exponure may
result in about one extra case per nillion live-borne bythetenth generation.

33. In 1982, therisk associated with the i nduction of structural chronosonal
aberrations (predom nantly reciprocal tranalccations) in nales and fenales was
estimated to | i e between 0.03 and 1 and between 0 and 0.3 cases per nillion,
respectively, of congenitally abnormal children per nilligray of sparsely ionizing,
| ow-dose-rate icradiat .on. Usingall the cuzrently available data on prinates, the
Conmmittee now estinmates that the expected number of congenitally abnormal children
rangesfrom0.1 to 1.5 and fromO to 0.5 following irradiation of males and

females, respectively (all rates expressed per mllion live birtha per nilligray).

34. The risk estimates dincussed so far are arrived at by using the so-call ed
direct methods and pertain to effects expected in the first generation following a
| one-time radiation exposure of the parents. |n contras:, the doubling dose nmethod
is primarily used to quantify risks under conditione of continuousradiation
exposure. Wth this method, the expected risks are relat 4 to, and expressed as a
fraction of , the spontaneous preval ence of Mendelian and chromoeomal di sorders as
wel | as those of a nore conplex aetiology. The Conmittee sees noreason for any
Iteration of its 1982 estimates for autosomal dom nant, X-1inked and chromeomnal
. disorders. These estimates are briefly recapitulated in thefollowing (all
‘estimatesper mlligray of continuous sparsely ionizing, |owdose-rate irradiation
of the parental generation and on a popul ation of one nmillion live birtha)s
(a) autosomal dom nant and x-linked di sorders - 10 cases of affected individuals at
earilibrium and 1 to 2 cases in the first generation) and (b)chronpsomal disorders
(mainly thoee arising as a consequence of unbal anced structural anonalies) -
0.4 case at equilibrium and 0.3 case in the first generation. In these
cal cul ations, the spontaneous preval ence figures assunmed are: 1.0 per cent
dominant and X-l1inked disorders, 0.25 per cent autosonmal recessive; and
0.3 per cent chromoeomal disorders. The doubling dose was, furthernore, assuned to
b 1 gray.



35. New data on congenital anomalies and other disorders of conplex aetiology
suggest that their spontaneous preval ence (especially of the latter) ia higher than
the estinmates considered in the1982 report (see paraa. 13 and 14 above). This
difference 1a mainly due to thoinclusion of data on individuals up to 70 years of
age in the recent studies, whereas an earlier one only contained data on
individuals up to 21 years of age (the estimates fromthel atter were used in the
1977 and 1982 reports). Considerable uncertainties still remain on the follow ng
probl ems: (a) whether the dou.ling dose estimate of 1 gray (this is based on mouse
data on clear-cut genetic end-points such as specific locus mutations, doni nant
visihles and reciprocal translocations) is valid for disorders of conplex
aetiologyy and (h) whether the estimate of 5 per cent nutational conponent used in
the 1977 and 1982 reports is realistic for these disorders. |n the absence of
further information, particularly information on the mechani sms of maintenance of
these disorders in tue popul ation that wo.ld thus provide a basis for predicting a
possi bl e radiation-induced increase in their prevalence, the Conmittee is not in a
position to provide risk estimates for these disorders.

36. The Committee continued to focus attention on detriment (handicap, years of
life 1out, yearsof handicapped |ife) associated with spontaneously arising genetic
and partially genetic disorders, with the hope of eventually fornulating an
adequate framework to view the increases in such detriment at the individual and
soci etal |evels as aresult of radiation exposures. Some linited information from
the followup of children with eex chromosomal anomalies and autosomal bal anced
structural rearrangements shows: (a) that no i ndividual with sex chronoaonal
anonmal i es has had any serious mental retardationy and (b) that bal anced structural
rearrangements are probably not as harnful asprevious reports (based on
cytogenetic studies of nentally retarded individuals and inmates of penitentiaries)
have impl ied.

37. The results of astudy ontheestimtion of detriment associated with

spont aneously arising congenital anonmalies in humans have been published. In thin
study, the authors uaed the |ive-hirth preval ence values derived in Hungary for
these anomalies (about 60,000 per mllion live births) to estimate detrinent in
terms of years of life lost, years of potentially inpaired life and years of
actually inpaired life. For the period and the population for which these
estimtes apply, the mean life expectancy is 70 years. Calculations show that,
withatotal preval ence of 60,000 per million live births (i.e. 60,000 individuals
per mllion affected with one or ancther type of isolated or multiple congenital
anomal i es), about 480,000 years of life are lost, 2.0 to 3.7 mllion years of life
are potentially inpaired and, of the latter, 450,000 years of life are actually
inpaired per million live births.

38. In terms of tho average number of years of life |lost (anindex of detrinent at
the individual level), the central nervous system anomali -s cause the greatest
amount of detriment (55 years), followed byanomalies of .ne respiratory and

cardi ovascul ar oystems and chronosonmal anomalies (about 25 years for eachof these)
and others. Anomalies of the ear, face and neck (including cleft lip, with or
without cleft palate), of genitai organs and of the nuecul oskel etal system havea
small or negligible effect in thisregard. However, when the rankingi s done
according to the total number of years of life lost (an index of detriment at the
population | evel ), anomalies of uhe cardiovascul ar system are associated with the
highest amount of detriment (about 190,000 y:ars per nillion live hirths), followed
by those of the central nervous system (about 120,000 years per mllion 1lve
hirths), of the alimentary system (43,000 years per nillion live bhirths) and others.



39. ne poesible crude way of expressing dstriment is in terms Of the number o
years of actually inpaired life. Expresaed in thie way, anomalies Of the

cacdi ovaacul ar system are associated with the greateet amount of detrinent

(98,000 years per nillion live bicthn), followed by thoseinvolving the genital
organs (72,000 years pecr mllion |live births), chruomosomal anomalies (56, 000 years
per nmillion live births) and ochers.

40. On the basis of the above analysis, a conparison of the detriment caueed by
congenital anomalies with thrt caused by noncgenic disorders (the latter is

di ecueecd in the 1982 report) reveals that detriment is much higher for congenital
anomal i es.
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ITI. DOSE-RESPONSE RELATIONSHIPS FOR RADIATION-INDUCED CANCER

41. The Conmittee examined the nature Of the dose-response relationships for a
variety of cellular and sub-cellular radi obiological effects invitro and_in vivo.
Under a nunber of sinplifying aeaunptione, the quantitative information derived was
ueedto fit varloue models of radiation action tocancerinduction data in
experimental animals and inhumanein an attenpt to predict the poeoibl e shape of

t he dose-induction curves for cancer at | ow doses and doee rates that, although
most interesting for practical purposes, cannot be studied directly. These
procedures enabl ed the Conmittee to suygest the most probable form that the

rel ationshipa for eevaral typesof cancer woul d take under theee conditions and the
type of biaathat might affect the eetinatea of risk coefficients at | ow dosesand
doee ratee, if one or the other nodel should apply. This exercise is seenas an
important preliminary step towards a se-evaluation of therisk estimtes for

radi ation-induced cancer, which the Conmittee is planning to rel ease Inthe near
future.

42. In order to estimate theri sk coef ficent, i.e. the frequency of

radi ation-induced cancer or the relative increase of tumour frequency per unit dose
cver the natural incidence at|ow doeee and doee rates, two types Of information
are requireds first, enpirical data on t = incidence of various forms of

mal i gnancy at relavively hi gh doaee where observationa have actually been male)
and, secondly, a know edge of the form of therelationanipe |inking the incidence
of cancers with the radiation dose. Such data would allow predictione to be nmde
of the cancer i nci dence at doses, and perhaps also at dose ratee, very much lower
than thoee at whi ch direct observations are available in hunane.

43. Wen the incidence of a given tumour in exposed ani mal or human popul ations is
followed as afunction of increasing dose, several findings are apparent. At
relatively | ow domses (about 0.1 gray of apareely ionizing radiation), only seldom
(and then mostly in controlled animal expariments) can a statistically significant
i ncrease of cancer or | eukaem a be shown. At higher doses (from a few to several
grays, Wi th conasiderable differences between different tumours), the i nci dence of
such nmalignancies may be ahown statistically to exceed the |evel obeervedin
non-exposed control popul ations, the excess increasing as sone function of the
doee . At atil) hrgher doeee (many grays) the incidence gradual |y starts to fall
of f, owing to cell killing. Dose-reeponeo relationships ofthis type, paasing
through a maxi mum at some intermediatz dose, are often found in experinental

ani mal e.

44. The usual interpretation o€ such a shape postul ate8 the concurrent presence of
two ditferent phenonena: (a) a dote-related increase of the proportion of nornal
cells thatare transformed into malignant onesyand (b) a dose-related decteaee of
the probability thatsuchcells may survive the radiation expoeure. Both of these
phenonena are normally operating in the region of doses where data are available,
but to a different degree for va:tiousdoses and di fferent types of carcer. wWith
thia interpretation, sone of the cells that woul d ot herwi ee show transformation are
killed, so that the fraction actually seenastraneformed is reduced at high
doses, \WWhat happens at the | ow doaes, where direct information is lacking, may
only be inferred from a conbination of enpirical data and theoretical aeeunptiona,
linked together into some nodels of radiation action.

45. The nodels referred to are sinplified semi~quantitative representations of
conpl ex biological phenonena. Present know edge of ihe nechanisms of
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cacci nogenesi s, includingradiation carcinogenesis, iS not adequate to design
conprehensi ve nodel s accounting for all physical and biological factors known to
influence the induction of cancer. To avoid some of theconplications involved,
the Conmi ttee suggests that the range of doses over which extrapolations may
meani ngful |y be perfornmed should be linited to low and internediate doses, below
about 2 grays of sparsely ionizing radiation. Under these conditions, it seems
likely that no serious distortions would result from non-stochastic radi ation
effects, which are observed when doses exceed fairly highthreshol ds,
chacacteriatic for each tissue and each effect.

46. The formul ation and anal ysis of models of radiation carcinogenesis msat cely
on a few basic assumptions, as fol | ows:

(a) The observed dose-response relationships for clinically visible tumours
in vivo approxi mately reflect therelationship between dose and cancer initiation
at thecellular level, despite host reactions and the effect of |atency, which may
modify this relationship to sone degree. This assunption is based on the overall
simlarity of the dose-response curves for cancer induction with those of various
other cel lular effects of radiation. The Committee postulates this concept sinply
as a worki ng hypothesis)

(b) Cancer initiation is believed to be a uni-cellular process occurring at
random in single cells, This is also a workinghypothesis that has not yet
definitely been proved. However, evidence to the contrary, ie. that cancer
initiation takesplace in several cells, is lese convincing, al t hough some |inited
evi dence supports theidea. The uni-cellular theory of cancer induction is
compatible with the notion that sone, atill ill-defined, influences resulting from
irradiation of neighbouring cells or other organs may nodify the probability that
aninitiated cell will develop into anovert malignancy. Firm biol ogical evidence
in favour of thislast notionis very fraamentarys

(c) The absence of J dose threshold forinduction in characteristic of many,
if mot all, tumours. For some ani mal tumours (e.g. tunours of theovary or thymc
lymphoma Of the mouse), threshold-type dose-response relationships are observed.
In other cases (e.g. tumours of the skin) , cancer is only induced withgreat

difficulty, i.e. after high doses of radiation. In still others (i.e. epidermoid
| ung cancer in humans), the data are unclear, owingperhaps to a short follow up of
the patients. In spite of these exceptbone, however, the absence of a threshold

dose is assunmed bythe Conmittee as aworking hypothesis for the moment;

(d) The susceptibility of anirradiated animal or human popul ation to tumour
induction is assumed to follow a bell-shaped distribution. A though genetic
predispositions to the developnent of some forms of malignancy are well docunented,
efforts to show that such phenomena apnly aiso to radiation-induced human cancer
have not been successful so far. Therefore, pending further studies, +*he same
distribution of susceptibilities to the induction of cancer in irradiated and
non-irradiated populations is also provisionally uccepted as a working proposition.

47. On the above assumptions, it is possible to infer likely shapes for the
dose-response rel ati onshi ps of radiation-indaced cancer. Suchinferences rely on
the analysis of various other radiation effects observed at the cellular |evel.
These effects involve the cells’ genetic material, which is al SO thought to be the
primary target for cancer initiation. The production of mutations and chconopsonal
aberrations insomaticand germinal dells and the oncogenic transformation in vitro
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of manmmalian cell lines are exanples of such effects. [|f cancerinduction in vivo
i nvol ves mechanisms simlar to or related to those underlying the effects listed
above, it is expected thatall these phenomena will respond similarly withrespect
to changes in dose, dose rate and fractionation. As suchsimlarities have
actuilly been observed, it may be possible to extrapol ate the shape of
dose-response relationships between the ef f ects nmentioned above and the phenonenon
of cancer induction.

40. Three basic non-threshold models of radiation action as a function of dose
have been revi ened with respect to such cellular effects nnd to cancer initiation:
the linear, thelinearauadratic and the pure quadratic nodels. Notwithstanding
some exceptions, these may provide ageneral envelope for the dose-response curves
of avariety of radiation-induced end-points at thecellular level, aswell as for
tumour i nduction in experimental animls and human popul ations.

49.  The vast mpjority of dose-response curvesfor induction of point nutations and
chromosomal aberrations by sparsely ionising X-rays and gamma rays can be described
by a linear-quadratic nodel. For the same end-points; whencell killing s
accountedfor, a linear nodel usually applies to densely ionizing radi ations such
as alpha particles or neutrons. As a rule, for a nunber of chronosomal structural
abnormalities, cucvilinearity (upward concavity) is observed for sparsely ionizing

radiation. For thesame effects and a wi de range of doses, linearity prevails for
densely ionizing particles. Linearity of the dose-response for somatic nutations
and terninal chronmoeomal deletions has been found in some cell lines, even for

sparsely ionizing radiation, although thisis rare.

50.  Approxi mat e estimates of proportionality constants linking the chronosonal
effects with the dose or its square may be obtai ned experimentally; they allow the
frequency Of sucheffects to be predicted at | ow doses and dose ratesfrom
observations at higher doses. For cancer induction, however,only fragnmentary
information supports the notion that sinmilar auantitativerel ationships with the
dose mght apply. The Conmittee hasestimated that, if the risk of tumour
induction at 1 or 2 grays of sparsely ionising radiation (athighdose rate) were
extrapolated linearly down to zero dose, this procedure would overestinate the risk
by a factor of up to five in typical situations.

51. Over the past few years, much i nfornmati on on radiation-induced oncogenic
transformation of mammalian cells has become available. The cancerous nature of
the transforned cells is shown by the fact that after transformation in vitro they
are able to form nmalignant tunmours apon transplantation beckinto ani mal's under
appropriate conditions. Transformation in vitro is therefore regarded as a model,
alheit a sinplified one, of radiation carcinogenesis at the cellular level. Cells
exposed in vitro to sparsely ionising radiation 24 hours after seeding are
transformed according to conpl ex kinetics that cannot be fitted to nodels used for
other cellular effects such as cell killing. Moreover, fractionation of the dose
(below 1.5 grays total) has in someinstances appeared toenhancetransformation,
which i S contrary to what woul d be predicted by alinear-quadratic modely in other
instances, however, it has clearly not enhanced transformation.

52.  Further research is needed to reconcile such conflicting observations on the
nature of the response after fractionation at |ow doses. Several experinents
indicate that anomalousresults canarise fromatypical conditions of cellular
growth soonafter establishment of theculture. In fact, irradiation of
non-dividing cells or cells under exponential growth conditions (whichare thought
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to benore representative of an asynchronously dividing cell population {- vivo)
produces results that are conpatible with those obtained for other cellular
effects) thus, for exanple, high-dose-rate gamma irradiation results in a greatr
frequency of transformation than |ow dose-rate exposure.

53. There are indications that, when cells are irradiated with neutrons, | ow dose
rates or dose fractionation may increasethe rate of transformation, even at |ow
doses. However, whereas sone observations on tumour induction in experimental
animals clearly support these findinge, othersdo not. |nother experinents,
enhaaced transformation by neutron fractionation or protracti on was seen only at
internediate and high doses. In view of the paucity of suchdata and of the
uncertainties i nvol ved, further research is needed before enhancenent of cancer

i nduction by neutron fractionation and protraction (relative to single or

hi gh- dose-rate exposure) can be accepted for the purposes Of risk assessment. Such
a possibility should, however, be kept in nmind, even though the theoretical basis
to explain these phenonena is uncertain at present.

54, Recent experinental findings on radiation-induced tumours in experimental
animals have not substantially changed the main conclusions reached in annex | of
the 1977 report. Mst data support the notion that dose-response relationships for
X-rays and gamma rays tend to be curvilincar and concave upward at | ow doses.

Under these conditions, tumourinduction is dose-rate dependent in that a reduction
of the dose rate, or fractionation, reduces the tumour yield. Alinear

extrapol ati on of the risk from high doses delivered at high rates to zero dose
woul d thus,as a rule, overestimate the real riskat |ow doses and dose rates.
However, in one experimental mammary tumour system (matched by epi deni ol ogi cal data
on human breast cancer), irradiation with X-rays and gamma rays produced a |inear

| dose response with little fractionation and dose-rate dependence.

55.  For densely ionising neutron irradiation, tumourinduction in animals follows
in genersl a very nearly linearcurve at thel ower end of the dose scale and 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
cucve tends to become concave downward, markedly so in sone cases. Under these
conditions, a linear extrapolation of the riskdown frominternediate o high doses
and dose rates woul d involve a variable degree of wunderestimation.

56. The Committee reviewed existing data on dose-response relationships for

radi ation-induced tumours in man. Thi S whole matter must be treated with caution
because, at present, observations are very fragnentary, those for neutronstotally
absent, and definitive datafor atomc bomb survivors at Hiroshima and Nagasaki are
still not available. Forexanple, dose-response data for sparsely ionizing

radi ati on have not been reported for lung and bone tumours, While data for densely
ionising radiation have not been reported for thyroid and nmammary cancer. For
sparsely ionizingradiation, the data available in some cases (lung, thyroid and
breast cancer) are consistent with linear or linear-quadratic nodels. For breast
cancer, linearity may, however, predonminate, as the incidence is little affected by
dose fractionation. The linearity of theresponse for lung cancer after exposure
to alpha particles from radon daughters does not contradict the above statenent,
because the dose- squared conponent with al pha particles is mniml. Some doubts
still renain, however, as to osteoearcona induced by bone-seeking al pha- or
beta-emtting radionuclidee. Thus, in spite of the fragnentary 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 radi ation, |inear extrapol ation downward8 from about

2 grays woul d not overestimate the ri sk of breast and poassibly thyroid cancer,

woul d slightly overestimate the riskof |eukaem a and woul d definitely overestimate
the risk of bone sarcoma. A lack of direct evidence doe8 not permit any assessment
to bemade of the nagnitude of the overestimate for |ung cancer.

58. For densely ionising radiation, the risk of |ung cancer fromaccumul ated
exposurest 0 radon decay products at |ow dose rates from dose |evel 8 roughly
corresponding t0 20 t0 50 sieverts woul d neither be overestimated nor
underestimated bylinear extrapolation to very | ow doses. However, extrapolation
f r om observations hmade at higher cunul ati ve exposures might result in a significant
underestimation owing to observed flattening (saturation) of the dose-response
curve in this region. |t should be stressed that the absol ute risk coefficient8
derived for male miners, of whom a high proportion are smokers, ahould not be
applied to the general public without due corrections for wvarious factor8
(intensity of smoking, | ung ventilation rate, presence of other contaninating

pol l utants etc.) that are thought to increase the risk in miners.

59. The incidence of boneaarcoma after al pha-particle internal irradiation by

| ong-1ived bone-seeking radionuclides i S distorted by the existence of a pronounced
I nverse relationship between ancumulated dose and | atent period, resulting in an
apparent threshold at | ow doses. |f thisis a correct expl anation for the upward
concavity of the dose-response relationship, a linear extrapolation from a nean
skel etal dose of a few tens of graye down to themilligray region woul d grossly
overestimate the risk.

60. No data are available at preeent on the induction ofbreast cancerand

| eukaem a in humans by densely ionising radiation8 and therefore no direct

i nferences can be nade about risk extrapolation t0 the low-dose donmain. On the
basis of general know edge, if the risk at internmediate dose8 could be derived from
data on sparsely ionizing radiation (suitably corrected for the greater

effec 'iveness Of t he densely ionizing particles), a |inear extrapolation down to

| ow doses might either underestimate or correctly estimate the real risk in these
cases,

61. For radiation-induced cancers of other organs, only data on experinental
animal 8 are available. For sparsely ionizing radiations, upward concave
curvilinear dose-response relationships w th pronounced dose-rate and fractionation
effects are usually found. |If simlar curves apply to cancer8 In humans, a |inear
extrapol ation of risk coefficient8 (obtained at the Intermediate dose regi on after
acute i rradiation) to thelow dose and | ow dose rates would very likely

overestimate the r eal risk, possi bly by afactor of up to five. For densely
lonizing radiation, should relevant values becone available, a linear extrapolation
from high to internediate dose8 would probably underestinmate the risk.

62.  upon close inspection of the data, some regularities seem to emerge that nmay
indirectly help in assessing the character of dose-response relationships in
humans. A simlarity was noted in the shape of the rel ationshi ps between humans
and experimental animals for tumurs of several organs for which reasonably good
information exists: manmary and thyroia cancers (spsrsely ionizing radiations) and
lung and bone cancers (densely ionizing radiations). 3houl d this pattern be
confirmed, know edge derived from epideniological studies in human8 at internediate
or high doses and from the shape O the dose-reeponee relationships in several

ani mal species woul d makeit possible to assess the biasintroduced by |inear
extrapolation of the risk coefficients to |ow doses.
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1IV. BIOLOG CAL EFFECTS OF PRE-NATAL | RRADI ATI ON

63. The committee reviewed the followings modern know edge of devel opnental
Jevents, particularly in the brain of mammalian embryos and fetusesj recent data
§on effect8 induced hy irradiation of animals in uteroy and findings concerning
Jchildren ixposed to radiation in the mothers’ womb duri ng the atomic bomhings at
3 Hicoshima and Nagasaki. These findings and a |arge body of older data were use tO
der ive quantitative eastimates of risk for a nunber of radiation effects in utero,
8uch as the induction of death, nalformations, severe mental retardation and
cancer. For the smalldoses and dose rates of radiation 1ik2ly to be encountered
in practice, the riskis judged to be small in conparison with the natural
incidence of congenital anomalies innon-irradiated individuals.

64. The consequences Of pee-natal radiation exposure have attracted much attention
since the last review of this subject by the Committee in 1977. New information
from experinmental animals irradiated in utero, recent findings of human enbryol ogy
(particularly in thecentral nervous system)and a review of dosimetric and

clinical data on children exposed before birth during the atomic explosions at
Hiroshima and Nagasaki cal |l ed for a new study of this subject. There was also a
need for a i ad re-assessnent of effecte such as the induction of malignancies
following ir. .diation in utero, which had not been covered in depth in the 1977
report.

65. The Committee had already identified and described t : main consequences ot
pee-nat al exposure in mammals and had roughly cl assified them as followss
(a) lethal effect8 induced by re atively small doses before or inmediately after
inplantation of the enbryo into the uterine wall or induced after increasingly
higher doses during all Stages of intra-uterine devel opnent, to he expressed either
before or after birth, (b) nal formations characteristic of the period of ngjor
cgancgenrris when the main body structures are fornmed and especially of the nost
stive phase Of ceiy multipiication in the relevant structuresy (c) growh
disturbznces without malfocamations induced at all stages of devel opment, but
patrticularly Anthe latter part of pregnancy; and (d) miscellaneous effects on
vacious body structures and functions. The Conmmittee had concluded, on the baais
of considerable experinental evidence available at that time, that killing of
cells, mainly through the tnduction of chromosomal aberrations, was the common
mechanimn underlying allthese effects) any differences were particularly related
*'to the time during devel opment whenthe radiation insult was applied.

66. |t should be reaslized that congenital anomalies arise in all animl species
even in the absence of anyradiation beyond that received from natural sources.
Human nmal formati on8 may be claassified according to their cause into: those that
can be traced back to the nutation of single genes (representing about 6 per cent
of a11 malformations scored at birth)j those originating from the incorrect
interplay of numerous geneti c factors (about 50 per cent)) those due t0 thae
presence of chromoeomal anomalies (& ‘Out5 per cent)y and those caused by some
known environnental teratologic agents (about 6 per cent). Were is no apparent
cause fOr aboutonethird of all malformations. The incidence of congenital

® nonalie8 depend8 to a large extent on the time at which they are scored. |f a
1avel Of about 6 per centincidence of nalforned babias at birth (birth preval ence)
ia taken as an averr e value for the human speci s, a higher val ue applies to
embryos and fetuses before b rth, because the malfarmed new horns are only the
carciars of the celative’y nilder forns, which are conpatible withlife. Some
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mal f or mati ons disapywear after birth, although nore becone evident that are not
scored at birth. --us, the global incidence of malformations roughly doubles if
grown-up children, <ather than newborn babies, are examned. The global incidence
figures are, however, highly dependent on a large variety of factors and so are the
figures pertaining to the various classes of malformations. Any assessment of the
radiation’s effectiveness in inducing damage in utero must he viewed against this
natural |evel of inborn defects and its variable expression.

67. The Conmittee reviewed muchinformation derived €com human specimens and

exper imentas innon-human pr imates, establishing to an increasing degree of detail
and precision the devel opnental events that are important “or their radiobiological
consequences. Morphol ogical enmbryology is gradually providing an accurate
description ofthe stages in enbryonic humangrowth, in good agreement with the
results of non-invasive clinical measurements. The newest findings are
increasingly mointing to the cerebral cortex as an extrenely sensitive structure in
human devel opnent, particularly (butnot exclusively) in early pee-natal life, from
the eighth to the Ekfteenth week afre. fertilization. At the same time, the

m croscopi ¢ study of the brain cortex is providing a very detailed picture of the
cellular events leading to the formation of this structure as devel opnment

proceeds.  Such mar phol ogl cal analyses are integrated by biochenical studies, which
help to provide an overall description of thestructure and function of the

devel opi ng brain.

68. These studies showthe formation of the cerebral cortex as a carefully
programmed and uniaue sequence of events in which cell division, mgration and
maturation are taking pl ace concomitantly. Numerical, spatial and tenporal

rel ationshi ps between various types of cells nust be naintained with a high degree
of precision in order for thebrain e~ctex to he correctly assenbled and its
function normally devel oped. Disruption of this programme of cellular and tissue
phenomena by radiation, coupled withthe limted capacity for repair of neurons,
ths functional brain cells, maycauseirreversible damge. Whether radiation
inpinges on the reproductive capacity of the primtive brain cells, interferes wth
the orderly nmigration to their ultimate position in the cortex or inhibits
establishment Of the appropriate cellular connection, thenetresult of the

radi ation insultis manifested in a losw» of cerebral, particularly nental,

function. Thi s is the picture, albeit very schematic, emc -ging from the avail abl e
data. However, the norphological and functional complexity of the developing brain
cortex defies anysimple interpretation of radiation effects, on the basis of the
criteria applying to other self-renew ng tissues of the body.

69. Pee-natal devel opnent of manmmal s inuteco may be roughly divided into three
periods; the pee-inplantation, extending fromfertilization to settling of the
enbryo into the uterine walljy the ngjor organogenesis, characterlxed by the
formation of the main body structures) and the fetal period, during which growth 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 Wel | as in the
total duration of intra-uterine life. Also, at any gi ven stage of devel opnent, the
state of differentiation or maturation of any one structure, withrespect 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 pee-inpl antati on phase, owi ng presumably to the difficulties of obtaining
information during this stage. In animals , however, manynew data have been
produced by analyses in vitro and in vivo. These data have mainly confirnmed the
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special sensitivity of the pre-inplantation enbryo to killing and a decreasiug
sensitivity with increasing devel opmental conplexity with anple oscillations of
the responses asafunction of tine, partlculacly during the earliust phases of
enbryoni ¢ deveiopment. |n the rodent, doses on the order of one tenth of a gray or
less have been reported t0 increase nortality significantly for irradiation during
pre-inplantation.

71. For irradiation during the phase of nmjor organogenesis, new data on
experimental animals haveadded details to the previously known picture but nave
not substantially altered its nmain features. At this stage, mal formtive effects
emerge as the nost prominent coneequences of irradiation, sometines acconpanied by
growth disturbances orvarious structures or of the whole body. The presence of
mexi mum sensitivity periods at the time of the nain differentiation of the various
structures results in a marked time dependence for the appearance oy various tyres
of mal formati on. Some malformations, particularly thoae of the skel eton, have been
very well studied as a function of dose, generally confirming a curvilinear trendj
other s, especially those of the central nervous system have been carefully
analysed in terms Of cellular events and reactions leading to theie fornation.

72. Contrary to what is observed in experimental ani mals, radiation-induced

mal f or mati ona of body structures ot her than the central nervous system are unconmon
in humans. The Committee has di scussed the reasons for such a difference. Beyond
any expl anation, however, the discrepanci es between difterent Speci es must be taken
as a warning againstindiscrimnate attenpts to project findings across species
without due consideration O the enbryol ogi cal characteristics of each species)
short of this, any extrapolations, particularly the quantitative ones, woul d be
unwar r ant ed.

73. Radiation-induced damage to the central nervous system in humani is first
observed at the conventionally assumed end of organogenesis (eight weeks
post-fertilization) and extends well into the fetal period (up to 25 weeks). A
re-examination of the dosimetric and clinical findings inindividuals irradiated
in utero at the time of the atomicexplosion8 in Japan has al |l owed an inportant
step forward to be made in the analysis of effects and the establishment of arisk
estimate in man. At the same time, nor phol ogi cal and bi ochenical studies on hunan
sanpl es have established a clear-cut correlation between the time of maximum
sensitivity of the brain structure@ and the time of nDst intense di vi si on and
migratior Of the neuronsin the brain cortex, thus extending to man a concept found
to be valid for experinmental animals.

74. A study of aboutl, 600 children exposed in utero at H roshina and Nagasaki to
various doses and at various developnental stages has confirmed that about 30 of
them have shown clinically severe mental retardation, an incidence €ar higher than
would ncrmally be expected. When the occurrence of this condition was studied as a
function of devel opnmental stage at the time of the bombing, It was found that
wental retardation was not observed before 8 weeks fromconception, was a' a

maxi mum between 8 and 15 weeks when neuronal proliferation in the cortex is nost
active, and then was somewhat | ower between 16 and 25 weeks when the supporting
tissues in the brain devel op and connections between neuronal cel |l s are
established. The inciderce of nental retardation as a function of decwe is reported
to be apparently linear without threshold at El to 15 weeks, with a risk coefficient
of 0.4 per gray. The Incidence isaboutfour times |ower at 16 to 25 weeks. There
is an indication that, in addition to these extreme mental handicaps, other 1ess
prom nent functional brain deficits might be presentin children irradiated
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in uteco, and it is expected that this cohort will eventually yield more useful
intormation. WWhile sane aspects of thesefindings maynot yet be explained on
avai | ahl e radiobiol ogi cal know edge, there is no doubt as to their overall
interest, particularly with respect to the quantification of the attendant riek.

75. A variety of effects have been documented in the experinmental animal f:.lowing
irradiation during the fetal stages, including effects on the haenopoietic system,
the liver and the kidney, all occurring , however, after fairly high radiation
dores., The effects on the devel opi ng gonads have been particularly well

docunented, hoth norphologically and functionally. There appearsto be at present
little correspondence betweenthe cellular and functional damage as a function of
dose, butdoses of a few tenths of a gray as a minimum are necessary to produce
fertility changesin various aninsl Species.

76. Data on effects in utero foll owi ng the uptake of radioactive substances by the
mother and their passage to the devel oping fetus are very fragmentary, particularly
in view of the many variabl es that may i nfl uence the dose eventually delivered to
the conceptus. Among the nbat inportant variahlee the follow ng should be
mentioned: the physical and chenical characteristics of the radionuclides; the
route and schedule Of adminiastrationy and the kinetics of transfer and metabolism
in the mother, through the pl acenta and into the fetus. nly for sone nuclides of
practical inportance (tcitium plutonium and iodine) is the amount of information
slightly more extensive, butthere is clearly a need to enlarge thedata basein a
systematic way to other nuclidee and to investigate an adeauate range of
concentrations and tissue doses.

77. Anumber of physical and chenical factors have been reported that appear to
nodi fy the response of the devel opi ng nmanmal S, but here again the information is
insufficient for broad generarizations. Among the physical factors, both the type
a energy of theradiation, with values of the relative biological

eftectivenese (RBE) on the order of five for neutrons at internedi ate doses, have
been exam ned in so.e detail. Fractionation and protraction of the dose have also
been investigated for bothsparsely and densely ionizingradi ations and have
consistently produced a reduced effect in conmparison withsingly administered
doses. The picture energing from these data is sketchy, however, and |eaves
conspi cuous gaps in ourknow edge. Anong the chem cal factors, oxygen and a
variety of radio-protective and radio-sensitizin: drugs have been proved (at | east
aualitatively) to have nodifying effects indeveluping tissues simlar to those
seen in adult tissues. There have also been some scattered results from combined
treatments of radiation with ot her agents, al t hough much more systematic work  ould
be reaquired to substantiate some cl ai s, particularly those of eynergisticelly
active treatments.

78. The Committee has reviewed in some depth the data avail abl e on the induction
of tumours in animals irradiated pee-natally in an attempt to conpare their
eueceptihility with that of aninals irradiated after birth. such comparisons are
rendered particularly difficult, however, owing to variations in species, strain
and sex, thelack of extended time-~ and dose-ireroonse analyses, and the interplay
of various biological end-pointa. In the Conmittee’s opinion, theavailable

evi dence fails to substantiate the existence Of a higher susceptibility to

radi ation-induced carcinogenesie of animalsin uteco and points, on the contrary,
to a lower susceptibility. Differences in tumour types arising tn animals

irradi ated before or after birth are probably the nost consistent finding in the
wor k analysed, a finding thatis not unexpected in view of the different

devel opnental stages of the animals at irradiation.
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79. In humans, evidence on tumour i nduction by pre-natal irradiation cones
essentially fromtwo maj or sources: firatly, children that survived in uteco
irradiation at Hi roshi ma and Nagasaki and that have continued t0 show no evi dence
of excess cancer inthe atudiea conducted so fary secondly, two large retrospective
studies of children exposed_in uterofor 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 postnatallife to alevel roughly 50 per cent above
the natural incidence for the | ow (but not very well knowr) doses involved.
Correction of the data for a number of social and nedical factors that might have
distorted the association between irradiation a4 incidence of tumours in those
children was insufficient to cancel the corrals on entirely. The Committee ha8
reviewed and discussed several inconsistencies between the experinental and the
human findings, as well as between the epi demiol ogi cal findinge thenselves.

80. Beyond the existence of the association itself, which appears to be
sufficiently well established, the nost significant issue in this res,&ct concerns
the causality of the pre-natal radiation treatmentin increasing the pont-natal
incidence of leukaemia anud cancer. The Committee believes that the i nmportant
consideration in these matters is the existence of the association. Denying the
causal relationahips on the basis of the overall inconaiatency of the experinental
and epi deni ol ogi cal findings woul d mean emphaeizing scientific consi derations over
the practical need of allowing for any possible risk, The Committee has therefore
decided to accept provisionally the causal nature of the association for practical
purposes, While ® nphasixing that this is sinply onaccount of prudence and noton
any firmy established scientific rounds,

81. Atthe end of its review, the Committee attenpted to derive auantitative risk
estimates for a nunber of radiation-induced effects in utero (mortality, induction
of malformations, nental retardation, tumours and | eukaem a) and to attribute the
¢isk to the periods of pregnancy over which it applies. Under a number of

qual i fying assunmptions, it is possible to conclude that for thesmall dosee |ikely
go be encountered i N practice the overall risk is relatively small (no nore than
0.002 forthe live-born at0.01 gray) in relation to the natural i nci dence of
walformations i n non-irradiated individuals, which is on the order of 0.06 in the
human species.
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