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FOREWORD

The sometimes acremonious public discussions o 1969 and 1970 about the adequacy of exsling
ICRP, NCRP and FRC guidehnes on exposure of human populations led to an awarencss among radiobiologists of
the need for a starching reexamunabion of the preseni situaiion m the radiobiwology of low-level exposure The two
conveners of the present Conference ficst discussed the demcabulity of such a conference i Aprd, 1970, and
proposed 1t at the May, 1970, meeting of the Executive Commuitee of the Morth Amencan Late Effects Group The
commmitee members were cognizam of the senousness of the position, and voted to andorse the propasal They alsa
recommended (o the Radiation Restarch Society that a plenary symposwm on the formulatwn of exposure
guidelines be held at the May, 1971 meeting of the Scaety in Boston 1t ¢an be nowed parenthetically thae the
Scciery accepted the recommendation

Dy W K Sinclaur, Drecror of the Division of Biclogical and Medical Research, Argonne Nabonal
Laboratory, agreed (o be sponsor and host for the Conference The travel expensts of most of the paruicipanils were
paid by theu own nsitutions The Divison of Biology and Medicine, U S Atomic Energy Commission, made a
grant, admisiered by the Amencan Institute of Bological Sciences, ta support the travel of some participants from
universibes whe had no othes source of travel funds

TFhe contobutions frorm the lollowng mstitutions were based on research supported i whole or in
part by the U8 Atomic Energy Commussion Argonne Mational Laboraiory, Battelle-Northwest Laboratory,
Brookhaven Manonat Laberatory , Unaveraly of Califorma, Lawrence Radiation Laboratory, Univeruty of Califorma,
Dawnig, Unversity of Californa, San Francisco, Unoversity of Chacago, Columbia University , Mew York University
wedical Camier, Qak Radge Nabonal Laboratory, Unwveraty of Rochester, Unveraiy af Ulah, and Unversity of
Wisconsim

The plan was Lo convene a smal] round-table conference of about two dozen aclive pariicipants
and a few observers ftom interested agencies The wrunal imvitations were accepted almost unanumously, 2nd then the
need 1o achieve satsfaciory balance and represenlation led to addstons to the Lst, unil the Conference convened
with a roster of 44 parccipanis and L0 observers It was sill possble to adhere to the ongmal symmetncal plan,
which gave all participants an equal role in the discussions, but only af the price of encomforiably short ame
allowances for the presentations The good will and dialectcal skall of the speakers overcame this difficulty, and
thers was a stimulating discussion of a wrde range of topics and vewpaints

It was considered desirable o produce a concise report of the proceedings of the Conference, and
the followwng procedure was adopied Each participant brought 10 the meeting a bnel positior paper in which he
assessed the present status of the preblem of low-level effecis from the standpont of lus own discipline and research
wnierests, and proposed potenbially productive duections of research These statements were zlso the framework of
his oral partcipation One or (wo rapporieurs were appowled for each session and instructed to brng in bnef
accounis of the sesmons, with ernphasis on recordug the irend of the free discussion The posuon stalements and
capporteur accounts make up the first and second seehions af tus report

The sesson chammen were empowered to appont ad hoc comrmuitiess 1o report on specific topics
that arose dunng the discusaon: One such report was requested, and o appears at the end of the first sechion
Several conferses distribuled preponis of full-length papers, or supplementary extendad posstwon statemeants These
contrbutions are cited at the end of the ficst secoion

There was 3 meetg of the enlice group, partcrpanis and cbservers, as a comsmittes of the whole
on the fingl momng of the Conference Thas 12 reported brefly o the (hrd section of the report, which also
contans an overview and cnitwque ol the Conference as a whole, prepared at the requoest of the gonferses

For convenience i reference, the posimon papers and rapportewrs’ accounts are prnted
on hnted paper.

We acknowledge with gratitude the assistance of Mrs Dorathy Carlson and Mrs Minam Holden,
of the Arponne conference secrelanat, for efficient arcangements, M1s Margaret Fieldhouse, of Argonne’s Techocal
Publyations Duowsion, lor sdiooal assstange, Mr Edward ] Bauser, Executive Director, Jomnt Congrassonal
Committes on Atomic Energy, for copws of JCAE publicatwons and ibhographie assistance

George A Sacher

John B Storsr
May, 197]
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POSITION PAPERS
Mammalian Radiobiclogy
SYSTEMIC AND PHYSICAL FACTORS

POSITION STATEMENT ON SYSTEMIC AND PHYSICAL FACTORS
Preiro Metall snd Grrvanm Sihm
CNEN Labpracrorg de Radwpbrologia Arimale

The doae corresponding to a "low level” of yradiation 15 a relalive quantily whose delilion
requires practical considerations Radation profechion standards were at all tumes the results of empincal approaches
to vanpus problems posed by the current qualitative and quantitative knowledge of radiohwological effects Rather
paradexically, therefore, a low level of radizoon s that which 15 thowght (o nduge a low rate of effects, according 10
our knowledgs and expenencs

The available information on the effeets of small rediation doses in ammal populations, mcluding
man, 15 extremely hmed OF all posable ¢ffects, those whach have actually been found are similar i naturs to the
long-term lesions observed afier hugher exposures Thewr frequency 15 assumed o decreass wilh decreasing doses
down to very small values, pracucally undetectable over the background of spontancous cazes

Prediclions on the m¢idence of low level slfects i man are founded on the extrapolabon to low
doss {and low dose-raies) of a lew sets of data observed at relabively tigh doses (and dose-raiss) The validity of the
extrapelation procedures 15 himited by a number of assumptions concerning especially the shape of the dose effect
relatvonshup [1] Therelore the degree of conldence attached Lo these predichons cannol be properly assessed, but
seems largely a matter of apiuon, ofien reflected by 1he “conservative™ posion of the international bodwes n
recommending dese muls for human expasure [2]

It would be imposuble to bass our future aghion regarding these problems on an atbitude which 13
different from the present prapmatic hne The effects which must be considered with the greatest congern for human
protecuon are those for which a clear cul threshold has not been shown in the dose-¢ffect curves Al present they
appear to be thet imporment of fertility, some kinds of developmental leaions, the damage to the genome and the
mduclion of mabgnancies [3]

Estimates of thess elfects on human populalions may and should be refined, but the level of eifect
which 15 of actval mterest for radiation protection should be Lhe gunde-hne to further experimentation A beiter
defiution of these levels For all kinds of damage would be of great help 1o radiobiological research

It 12 concewable, i any case, that Further advancements in ths figld will come pomanly from the
careful study of exposed humans i all cases where (his 13 prachicable The epuderuclogwal siudies of such
population groups, howsver, will only provnide some key refecence poanta lor the human species at celatvely hugh
dosez

All other problems concsoung the test of assumplons and extrapolations must stll be approached
on ammal models, since no theorstical speculaton will ¢$ver solve expenmental problems such as the linsanty of
dose-respongs relabionghips at very low doses The starch for such models and a beiter defmution of the expenmental
praciice must presently be pursued The magmiude of these efforts requuires extensive collaboration
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2 International Commussion on Radidogwcal Protection, ICRP Publ 9, Rabatwon Protechion (September |7,
1965} Pergaovon Press, London, 1966

3 Internattonal Commussion on Radwicgical Protection, ICRP Publ 14, Radosensitnvity and Spacal Dustribution
of Dose Pergamon Press, London, 1966



POSETION STATEMENT ON SYSTEMIC AND PHYSICAL FACTORS
I. B. Slorer
Oak Ridge Nationg! Laboratory

My remarks are mads in the contexi of a scientific discussion in which we are concerned with the
best estimales of radiation effects. They do not necessarily apply Lo Lhe setting of radiation prolection standards
where 2 whole series of conservative consfraints must be applied.

Data from human populations for certain radiation ¢ffects (principally caneer induction) are
reasonably good in the high dos and high dose rate range. Prospects are good that the data will become even better
a3 follow-up studies are continued, Even so, there are disagreements as to which cancers can be radiation induced
and the incidence 10 be expected at these high doses. The disagreements are dus in parl to inadequate estimates of
dos Lo various tisiue sites,

There is little o1 ng prospecl of obtaining useful data on human beings exposed to low total doses
at low doss rates. To estimaie ffects af thess low doses and low rates it will be necessary to continue to extrapolate
(rom the effects observed at high doses. The principel value of empirical studies in #xpe rimental animals is to peovide
a basis for these extrapolations.

Age resulis from experimental animals such as mice relevant? The answer probably depends on the
nature of the lesion leading tor late sequelae, {1 the principal imjury is 1o the information system of the cells, then
presumably experimental studics are celevant. One would expect diffsrences in some details of cadiation zesponses,
but the gentral principles should be similar. If the prime injury 35 not to the informatien system, then animal studies
may be less celevant, but in this cass (he entice problem is enormously simplified in Lhat radialion becoms just
aaother toxic agent with the usual threshold for response and sigmoid dose-response curve,

Among the geneyal principles that have emerged from experimental studies ol somatic effects
are the following:

1. Protracled exposure is generally less sffective than a brief exposute o the same total doss,

2. Dose-response cwrves vary considerably with genctype, sex, and biological endpaint, Strict
lirearity is not ofien seen.

3. Lntgraction of radiation with other environmental vaciables can profoundly affect the shape of
the doss-response curve, .

Expecimental studies parliculacly ngeded include further work with variations in dose rale,
carsbally executed studics in sadiation pathology (o delermine which dizeases can be radiation induced and the
natore of the dose-response curve for each distase, and additional effort to understand the basic nature af the
radiaticn-induced injury,

RELEYANCE OF ANIMAL EXPERIMENTATION TO ESTIMATING SOMATIC
EFFECTS OF LOW-LEVEL RADIATION IN HUMAN FOPULATIONS

H. E. Walburg, Jr.
Oak Ridge National Laboraiory

Recognizing thai radigtion standards for somatic effects have been set by extrapolation of high
dose flects in humans, and accepting the probabdity that low-dose radiation effects in humans will never be directly
measered, j1 {5 essential to question how animal experiments can be properly utilized to predict such low-dose
tadiation effects in humans. Tt has been popular in the past to hypothesize that radiation induces a general
decrement in cell, tissue and organ function which keads to earlier development of the same lzthal diseases seen in
unirradiated animals, the so-called “accelerated aging phenomenon.™ This generel effect, it was thought, leads 1o the
life-shortzning effects of radiation, which may be similar in man and experimental animals, whatever the cause of
death. There is no evidence to support this hypothesis, however, and the data may better fit another hypoihesis, £.g.,
that life-shortening effects of radiation are due to induction of some specific diseases but not othess. 1 this is (rue
then the general relevance of animal model systems disappears and relevance iz found only in models of the specific
diseases which are ohserved both in man and the experimental animal under consideration. Unfortunatety, many af
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Lht radiation-induced diseases of the mouse, one of the most common animal models wsed i radiobiology, have na
human analegs, either quantitaiwely or somelimas even quahtatively, ¢ g, thyrmie lymphoma, Hardenan gland
adenocarcinora, vanan tumer Since the Lie-shortemng effects of radialion o the mouse are probably due to such
rrrelevant disesses, ife-shortenng as an end point would stepr te be equally srrelevant to human radiation biology

In view af this problem of relevance, how can ammal sxpeniments prove useful? Certanly whese
vald model: of radianen-nduced human disease exwst (e g, chrome gramulocytx leukemia) the physical and
epvirgnmeantal factors smportant to wnduction, such as doserate effects, RBE of high-LET radianons, and the
mflvence of host Factors can be eveluated Even in the absence of valid diszase models, :imperiant wnformation can be
gleaned from arimal sxpenments Data from these sxperiments can lead 1o “useful generalizations' as suggested by
2 H Mois Thus of observations on radiation induction of a certan disease in 2 wide vanely of species perml a
generalization which quantitatively fils all the data, it 18 reasonable to assume such an effect for human populations
as well Second, data on the mechamsm of radtation induction of zmmal diseases, even though they are not relevant
to human disease, may stll prowvide the key which wall clanify the mechamsm by which radation induces human
diseases

IMPLICATIINS OF DOSE RATE AND DOSE FRACTIONATION
D G Willhoal
Uriversity of North Caroling

Present Srate of Knowledge - Dose rate and dose fractionation have previously been recognized as
Factors which modily the sffectiveness of a given radiation dose, but have been considered only as potential added
safely factors, owing to a lack of precise quantitative doseresponse data Leukemua, life shortering, and genetic
mutabiens in mice have been demonsirated to be dependent an dese rate and dese fractionabion Leukema and hife
shorteming 1n man have only been demonstrated following relatively high dose rate exposures For example, the
exposures of radiologists consisted of numerous small dose fractions delivered at exposure rates in the neighborhood
of I Rimin Likewsess leukemia atsociated with felal wradiation oecurred following exposures of a few roentgens
delvered 1n 2 bnel hme inizrval Following it a degenplion of 2 model developsd in thas laboratory recantly which
bears directiy on the dose rate phenomena

Dose Rate Effeces - The dependence of cell survival on dose rate can be desenbed by a three-
component model The components are 1} single-target, single-hut, 2} multi-targel, smgle-hut, and 3) repopula-
ton due to dvinon The uwque feature of the medel s the nttoduction of a fime-dependent extrapolation fum ber
o account lor the numer of “hits” which are repaired during expasure The model was fited to experimental Hels
cell datz, bul gualitanvely 15 consistenl with other dose rale studies Conclusions based on the model are
1} mereasing dose rates between 3 and 100 Rfmun result an o progressve ingrease in the relative importance of the
multitargel mactivalion component, 2) low dose rates <3 Rimun) are due to single-target, single-hit tnactivation,
3) the relauve conlrbution of mueltitargel, single-hit inactivatron to cgll killing 15 greater at hugh doses than al Low
doses Simalar qualiatwe cezulls have besn reported for chiomosome abaormalies and genelie elfects 1o ouse
Rugiell's data indicate that the thresheld for multitargel mutalions 15 between O % and 9 Rfmun for spermatogama,
but for pocytes the dote rate dapendence axtended down to 0009 Rfoun The smgle-target, angle-hil component
may be attpbuted to that fraction of the cell population which 15 1 the Gy and M phases of the el eyele which are
characterzed by an extrapolation number of 10 The absence of division in the gocyt may account for the sax
difference 1n Lhe dose rate elfect

Dose Fractionanon - The nterpretations of most fracuionation studees have been in terms of
eompansens with single-dese resulls or relatve short overall fractionatien penods Wark in s laboratory has shown
that for equal daly exposure rates, the survival Gimes of muce exposed 30 muin/day were shorter than thase of mce
exposed continuously This difference 15 readily interpreted in terms of Lhe above dose rate mode!, that 15, low rate
irradiabion acts pnmanly by smgle target interactions and hogh rate wradiation by both singte and multiple target
nteractns

Futrre Courses of Aefrgn - The role of single and muttiple evenis i the induchion of specific
dhsease entities should be mveshigated



LATE EFFECTS OF RADMATION
J M Yuhas
Oak Rudge Nenonal Laborgtory

Radiatwon standard secling bodies assume thal a given dose of cadiaton will induce the same
meidence of late effects, whether it 15 grven chiomcally, i e senes of fractons, or as e single bref exposure While
this 15 contrary to most expenimental daca, the assumption must be mamntawmned since the data presently in hand are
msufficrent for calculanng the relative “spaning”™ factors for chromic or fractionated delivery

This isufficiency stems from two Tacts 1) there 15 no reason a prion 1o belisve that “spaning
factors”™ will be the same for ail late effects and 2) most studies have analyzed single end pomnts aganst single
methods of fracoonation or chrome acrminisisation  Fer example, 1t has keen shown that frachonation reduces the
Life-shortenung efficiency of radiauon by a facior of approxunarely 2, but chat iractionation of appropnate X ray
doses increasas their abdity to induce permanent sterdity 1n males

As one approach to this problem we are now conductbing expeniments which will analyze a series of
late effects (carcinogenesis, Life shartemng, lens cpacification, sterdization, and immunologic imparrment} following
sxposure o2 acule, chrome, and frachionated gamma rays and fissien nevtrons [n addimcn, the gamma-ray studies
involve a senes of total doses (48 10 384 R) received at a venety of dose rates (| Rfday through 1 Rfsecond) From
these larter studes we hope to be able to fermulate equations which describe the incidence of late effects as 2
funchion of both dosz and dose rate By combining these experiments with studies on the effects of age at exposure
on the abuily of singie acute exposures o induce late effects, we should be abie to determine the contributions of
recovery, age, dose size per fraction, and lalent perods required lor expression to the observed “sparng faclors” for
chrorue and fractwnated exposure patterns

We do not propose that the resnltant informauon can be wsed as a derect method of axtrapolation
to human populatwans, but rather it can establish pengral pnnciples within anmal model systems whoch can
provide a ratanal guideline for the mierpretation of probable risks in human populetons exposed Lo low (otal doses
at low dose rates

Mammalian Radiobiology

CARCINOGENESIS

CONSIDERATION OF CARCINOGENIC MECHANISMS IN THE PREDICTION OF
LOW-LEVEL RADIATION EFFECTS

A M Brus:
Argonre Mananal Laboratory

Radigtion carcinogenes:s 15 nol a sell-sufficient field A umifed theory cequores a umiied concept
of carcinogenesis overall, 2nid of 15 clear that Lhis in turn requires more input from most of the newly developing areas
of biology Nor will one approach suffice we bind 1t useful to exammne sigle molecular events that determine the
malignant nature of a cell, but it 13 hkely that any such event ar combmmanon of events ogours a great many times for
every resultmg malignant tumor Other determnmg factors that must be looked for Le tn the interzchions between a
cell and its environment, either or both of which may be altered

Several developments in cancer biology have emphamzed facters that were in more or lass
disrepute, or considered 100 specialized 1o be of much peneral importance To mention a few:

Frruses - A good deal has been learned about experimental viral carcinogenesss, bul ther relaton
to the human process s far from undarstood One human tumor 15 well understood to be associated with 3 virus
whuch now stems te have an antigenue celation with some nonmahgnant states [t 15 now knewn that RNA viruses are
capable of coding the host genome Tor homelogous DNA sy athens, and 2o far ths seems to be a pecubiantly of tumer
ViFUSES



Irnmunplogee reactions - Tumors seem clearly 1o have thewr own upmunclopie markers,
uonrmunologie tokrance scems to be increased by other carqnogens as well as radsation, and tumor-beanng patients
1end to have ncreased tolerance

Carcenogenic transformaten ov viere - This follows a long process of cultivaton following which,
after 8 period of depressed cell wabihity, changes accur i the intercellular relations and surface propertes of the
newly malignant cells

Plasne corcerogenesiz - When tissue cells are separated by chemucally nonspecific barrirs so that
they are no longer surrounded by other cells, 1hus leads 1o delayed wmor development, the same conditions of cell
separation (n terms of poronty of the barrer) appear 1o be cotical it determining whether differentiation will occur
in cultured embryo organs

1t wll be s#en that i all of the above instance:, host factors are involved at least at spme
point i the process

Among the malters Lhat nesd to be discussed fully are (1) How do we define a tumor? Doss
mrasivensss mvolve Tactors outsaide of the cell® (2) To what extent and on what level (cell and its environment)
do aging processes and carcinogeness mieract? {3) Do carcnogeme agenis act addiovely or synergistically® {4) How
can the paradox of resisiance of lacge anunals 2o local effects be explaned? (3) What are the actual rules governing
vanalons in carcer suscephbubity that are related to nsswe growih and the age of hast {6) How much of cancer 1s
actualty “'spentaneous™?

THE CARCINOGENIC ACTION OF SMALL DOSES OF DIFFERENT IONIZING RADHATIONS
G W Barendsen,J J Broerse, andC F Hollander

Radiooiomed! insteteite and
Expenamental Geronology Ui, TNO,
Riuyswik, ZH, The Netherlands

The induction znd development of malignant tumowrs after exposure 1o ening radimbons
invaolves 3 complex sequence of events, inmated by the absorpion of encrgy from radauon in biclogical maleral,
fellowed by biophyacal, biochemical and bwological changes which Minally resuli in the chserved neoplasm Because
direct expenmentation with very low doses presents greal difficulties wath respect 1o the number of ammals required
1o obtan significant cesults, evaluation of the effechivencss of smail doses must be based on adequate knowledge of
shapes of dose-effect relahons oblained with larger doses and extrapolation, with a suctable theory, 10 low doses and
Low dose rates Measther sufficent experumental data nor a generally accepied theory are avadable, however

[n prmapke, dose-effect relatons for the producton of malignant twmowrs must depend on
competition of two Factors, namely the mduchon of changss in cells which can result m malgnant transformation
and the induction of cell ceproductive death whuch will prevent parl of the potentiadly transformed cells from
contnbuiing to wmour development For the myvestigations of the relative contnbutons af these faciors, siudies of
the LET-dependence of the doss-effect relatsonships lor lumour produciion by different types of radaions can be
of great importance

Many bilogical effects of ionzmg radiations i mamrnalan cells, ncludmg cell reproductive death
and malgnant transformaiion, are indoced more eifectively by radiations which cause hugh local energy densities,
1e, through particles of ugh LET, than by X cays or ¥ rays For damage to the reproducuve capacity of mammalian
cells, dose-cffect relations have been measured with a vanety of radialwons, e g , moncensrgetic heavy 1ons and fast
neutcons of different energies [n view of the competition mentioned, it 15 clearly of great wnteresl 1o compare
dose effect relattonships and the dependence of the relatwe hiological effectvensss (RBE) on the radiation quality
for wmparment of cell prolferation wiih equivelent daca for the carcanogenic actien of ionzing radaions

In order to investigate the carcinogensc effectiveness of lomzimg radnatons with different
distnbutions of local energy density, monocnergetic heavy wons cannot be used because of thewr hmited penetration
and changes of LET otcurnng along thew path, if organs or whole orgamsms are ucadiated 11 is necessary therefore
ta erploy radiabons, such as fast neulrons or & mesong, which produce i tismue secondary particles with a hugh
mean LET

In studies of the carcinopemic achon of wuzing radiaton, 1wa types of expenments may he
disbinguished, aimed at the elucdation of mechanisms aperating edher at the cellular level or i intact orgamams In
casés where the total body or 3 nmmber of tissues in an orgamism are ircadiated, the mierpretaton of results involves



an evaluation of the complex migractions of varous types of damage to bload vessels, connective fizsues and
nmuonrlogical and hormonal sysiems For studies of cellular aspects of aduation carcnopenesis, it 15 preferable to
wvestigaie the most sumple systems wn whech tumours can be mduged

A few reaults of studes of the carcinogenic effectiveness of fast neatrons of different energres
companson with v rays have already been obtained with ra1 skin [1] In the systern used, n transplantation
technique allowed the partial ehmunabon of che nfluence of damage produced by penetrating radwations i
subcutaneous tissues Further studies with this system will have (o be complemented with invesiigatsons of the
effectiveness of neutrons of different energes for tumour prodwcton by total body 1rradsaton
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THE RELEVANCE (F MORTALITY AND CARCINOGENESIS AS CRITERIA
FOR ASSESSMENT OF LOW-LEVEL RADIATION EFFECTIVENESS

¥ T Mewisten
Uirirersety af Chigaga Clinres

Assessment of radiation effects in biological systems 15 most accurately denved Trom dose response
relationships involving a selecled iological vanate as a funchon of some raduation parameten(s) We intend 10 review
briefly 2ach of Lhese components from the cnbcal standpownits of mformation contenl and relizinlity

Although the inilusnce of dose parameters 1n radiation mpucy 13 well known, tome of thar
quaniilabve imphcations may be ezsly overlooked The abzolute magmitude of ex posurs doses, ar in many cases, of
absorbed doses, 15 the usual pece of (nformatwn at hand, although the spauial disinbution on mcroscopis or
submgroscops scale 15 actually the cntical fagter (local energy density)

On the other hand, Fractionation and/or protracten of dose are manipulated n an atempt o
mume actual human chinical situations For example, dady low-level exposure of mice 15 used as a madel for chronie
{but essentially discontinuous) exposure of human populations at nsk In the resulting complex situation, the
concepts of wasted radiation, potential and actoal imury [1] are 10 be kept in nund for proper interpretation of
data Accordingly, investigation of single doses may prove more rewarding and be given high prianily

The zpecific nature of the dese.responge function, and particularly the shape of the curve, (5 of
lesser imporiance than stlection and understanding of the varate {bolopical phenotypie end pownt) and of the
independent varable (radualion doge} 1t 18 denrable, whenever posuible, 10 end up with & lingar regréssion, at least
within 2 given doge range Metametrc transformation of coordinates of the graph (probit, logit, log doge) are hatpful,
but one should reahize that they introduce some a prion assumptions on bawe mechanusms underlying the bolomcal
response  Ln contraditmciion wilh a widespread belwef, Imear versus nonlnear relationstup has hiltte, :f any,
relevance to the thrasheld problem A threshald o non-threshold situation can coexist with a binear, cunnhnear ot
spmoid curve | 2]

Az no one knows at what poant the “low™ dose range starls, back-extrapolation 1= nvanably
attempted The mphealion ¢ that the funchon 15 assumed to be monotorue and conunwous beyond the range of
expenmenial dala Fucthermore, a no-response dose level 15 by no means an actual Lthreshold level as the frequency
of an itemized response 1z contingent on wampke sze At the lurut, the entire world populaton would ssem Lo be the
only acceptable sample uze for testng a sufficiently mfrequent event as a possible radiation regponse

A final word about the most popuiar vanates, 1 € , aging and cancer s aging a nological imbating
process per se of an epiphenamencon resulting from destinet nosological entiies? In many msiances, aging graphacally
amount: to a shift of the lethalily (unction along the lne seale, with no agruficant alteration of the realm of
diseases in contral versus rradiated anumals

A similar stuation seams to prévad in radyabion “induced” () cancer Recent sludies [3] suggest
that inbred strans of mice may, with improved emaronmental iving conditions and enhanced survival, exiubil up to
T0% of “spontaneaus’ turmor incidence It nmght be that with further extended longewity the 100% landmark would
be appreached more clossly Such findngs give further support 1o the theory of vertically transmitted oncogenes [f
80, radation s a0 longer an mitiabag, bul vather a togganng agent Siudacly the fut (at least o 2 major poction) of



tumor incidence zates to a Gompertzian regression function would seem e indicats that carcinogenesis (spontanegus
or radiation triggered) is dependent upon two interacling component mechanisms, one of phenotypic sxpression,
acling at'a constant rate of force throughout lifespan, and one of repression, gradually losing strength, also at a
constant rate throughowt lifespan. Obvicusly a number of biclogical processess (virus delivation, virus incorporalion
or release, immunological compétence) ¢an be pinned on such a phenomenclogical frame.
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LARGE ANIMAL STUDIES

THE APPLICATION OF THE LOGISTIC DOSE-RESPONSE SURFACE IN EVALUATION
' OF TUMOR INCIDENCE FOLLOWING EXPOSURES TO INTERNAL EMITTERS

Marvin Goldman, L. 5. Rosenblatt, and L. K. Bustad
Ciaiversity of Caltfornie, Divis
| and
-M. H. Hetherington
Univa(siﬂf a,f California Radintion Laboraiory, Livermore

Estimation of low-level radiation effecis in human populations ¢an be facilitated by the uss of
appropriate animal models. A method is described which permits what we belitve to be a reasonable basis For
exirapolating the radiation responses in animals at intermediate to high kevels down 1o exceedingly low levels for
which avalable daia may be guite limited. The example chosen is only one of a large number which could he
applied.

The long-tecm bone-seeking radionuclide studies at Davis and Sal1 Lake City cover a range of
exposurs doses of up to 10® and include over 2000 beagles at risk for up to 17 years, the maximum lifespan for this
bresd. Although the Davis study is somewhat younger in lime, both labaratories have demonstrated that the major
affects attributed to radiation have been the induction of tumors in tissues within Lhe cange of irradiation Mux. In
addition to the tumors of bone induced by high levels of radium-226 and stronlium-90, the sustaingd bone marrow
dose from *°Sr throughout early }ifz adds a risk of inducing fatal mysloproliferative disorders in beagles at Davis. We
have szen no other deleterious radionuclide effects on survival or reproduction at any of the levels tested, correcting
the daia for radiogenic car¢inogenesis. .

Analysis of the data utilized all of the animals at risk. In the analysis dose is related to cumulalive
incidence rates for each end point (e.g.. bone tumor or marrow cancer). The Cutier-Ederer method was used 1o
compute the cumulative survival Tates for dogs on the *#5r and 7% Ra regimens. The modification of the Xile 1able
method utilized considers mortality (o censist only of those individual: manifesting the end point under study (=g,
osteosarcoma). Individuals dying of other causes are treated as “lost 1o the Tollow-up™ but are considered to be at
rigk until they die. Individuals alive &t the time of the analysis are also cansidered to be at risk Tor the tofal time that
they are in the siudy. Computation of the cumulative survival rate {Fy) and its standard srror [y) provides the
estimate of the cumulative incidence rate, [1-F), whose standard error is also sp because of symmetry. An essential



and salient Feature of this analysis & the fact that ail of the individuals are used in the estimation of cumulative
ineidence rates.

The cumulative incidence rates for osteosarcoma were computed for the pooled ? 2 Ra data from
Dravis and Salt Lake City. Only the SLC dogs extend beyond 7 years, and represent a very small population ai risk.
The injected radioactivities for each dosage level differed essentially by factors of 3. The family of cumulative
ingidence rates computed far sach of the dose levels were generally **5™ shaped and were not ssparated by equal
inlervals on the age ssale. [n addition, the relationship between decreasing dose and maximum cumulative incidence
rale was nonlinear. The shape of these curves und their separation with regard 1o time suggest 1o us that the logistic
(or growth) curve might provide the most appropriate representation of the data. Furthermore, analysis of
cumulative incidence cates using the logistic curve suggested 10 us that the data could be related to age and log dose
by & logistic response surlace from which at least lour different estimalions might be attempted.

1. Fitting the logistic equation to individual dose level cumulative incidence rates provides an
estimation of the maximum sumulative incidence, (M), a measure of the reserves of the individuals subjected Lo that
particelar doge level {1/B), which may be znalogow: te the potential for repar; and the rate constent (i), which
degreases the reserves per unit of dime. .

2. At any given age, provided that data exist, the cumvlative incidence rates of the several dose
levels are themselves related by a logistic, and may be extrapalated to estimate cumulative incidence at very low doss
levels,

3. The estimated maximum cumulative incidence rates are also related by the logistic, end may be
extrapolated to estimate M for very low dose [evels,

4. The agss at which given cumulative incidence {e.g., | or 109} eccurs also follow a logistic and,
again, extrapelations may be mads to very low doss levels.

The logistic equation may assume many mathematical forms. lts most common form,
E=M/1+ BeM was utilized here. [n graduating the cumulative mcidence cates, (E), t is taken as age. In graduating
the maximuwn cumulative incidence rates (M), t is taken as In dose and M is set equal to . No attempt is mede here
1o desgribe other logstic relationships such as dEfdt = aE + BE®. The significance of the mathematical constants in
these squations relative to the biological parameters which they, in effect, atternpt to estimate is a difficult and
complex problem. Hensy Eyring and Betsy Stover at Salt Lake City have suggested a similar logistic approach
utilizing the principles of chemical kinetics 1o evaluate radiation dose-sffect relationships.

Although the examples cited above were réstricted to the effects of bone-secking radionuclides on
the specific cells at rigk with the only end points considered being the induction of tumors, this model has wider
applicability. We would like to suggest that the model can be utilized for any all-or-none response, provided that the
cells at risk remain at rigk for the Lifespan of the wndividual. The response surface produced by this model as applied
to adiation eifects svaluation utilizes the intezrelaticnship of dose, time, and incidence. For the sysiem ender study,
a practical threshold is provided by the finite limitation {e.g., lifespan} associated with the temporal axis, We look
forward to possibie application of this approach 10 evaluating the dose response of biologic systems other than
tumoss af bone. In addition, we are currently evaluating variations of this madel which consider changes in dose rate
and local dose distribution in lissues at cisk throughout the individual's lifespan,

DOSE-RESMOMSE RELATIONSHIPS IN THE INDUCTION OF BONE SARCOMAS BY RAIMONUCLIDES
C.W.Mays
Lhiversity of Utah

The ncidence of bone sarcomas va. dose has been examined in 11 dilferent studies. None of the
H-emitter experiments supports a linear dase-response relationship: at low § doses a sigmoid relationship or a
“‘practical threshold™ relationship s more probable.

For skeletal irradiation by & emitters, the response is more varied: some a studies support a linear
relationship, whereas others support the sipmeid or “practical threshold” concepts. where al low doges few, if any
hone sarcimas are induced.

[n the following table, the observed numbers of cases with bone sarcomas at low doms are
compared with the numbers predicied by {a) the threshold modzl {natural incidence orly) and {b) the linear model
in which a radiationdnduced incidence (assumed proportional 1o dose) was added to the natural incidence,



“P"' valuzs shown in the last column are the probability charif the linear ﬁudel were correct, the observed cases (or
fewer) could have ocoucred by chance. The damled data, to which the linear relationships were fitted, are available
from C. W, Mays [1-3] .

TABLE |. Obzerved and Pradicted Cases at Lowear Doses

Cberved Threghold Linegr
Casen Predicibon Pradiction P
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ANIMAL STUDIES TO ESTIMATE LOW-LEVEL RADIATION EFFECTS IN HUMAN POPULATIONS
'$. M. Michaclson
University af Rochester

Concemn about proliferation of mar-made sources of clectromagnetic radiation and “‘environ-
oental pollicticn™ has provoked resxaminadion of present Radiation Frotection Guides. In an vpsurgs of semantical
arguments furnidamental concepts, scigntific facts and philesophic principles are obscured in an atempt 1o find ready
answers in zn areg which is not black and white but many shades of grey.

What are the scientific facts, how can they or should they be made cumpm'uk with political,
sockological and economic factors? How does one reconcile the benefit vs. risk concept with the voluntary risks
which sociely can and iy willing to accept for an improved “quality of life"?

The information presently avaitable, although incomplets, does provide a basis for setting public
. safety standards for radiation. The present standards are conservative and have nol been shown to result in any
injurigus effects. In the meantime, we must develop concepts and criteria and pucsue well-canceived, propetly
performed, adequaiely controlled siudies in animals and man 10 answer some of the unresglved problems.

. We should differentiate between biologic effect per se, which 5 nopinjurious and quickly and
fully recoverable, and injury which is slowly recoverable or irreparable. We should attempt to resolve the questions
of threshold, curvilinear or linear responss to low-dose radiation exposurs.

In considering the use of “large animal™ studies (o estimate low-level effecu in man, several
approaches are snggested.

1. A concerted effort should be made 10 [AVIAW i & systematm manner the accumuiated reported



and unreported data obitained in past studies oo large animals. By using newer analytic techniques, sxamining the
infarmaticn in a comparative manner in relation to animals and man according to common physiclogic parameters
and correlating information pertinent to the low-levet effecie problem, it is very possible that many of ths answers
we are now seeking may already be available.

2. Planning of additional studies to fill in gaps in the existing information,

3. Correlation of data from “large animal” investigations with relrospective and prospec.
tive studige in man.

It should be recognized that no single animal species can représtnt the ideal model and no
experimental procedure is universally suited to all forseeable uses. In selection of the éxperimental animal, the
specific attribules of various species should be evaluated.

Study of several species using 3 Systems Physiology approach based on various levels of biological
oiganization can provide the most reliable extrapolation factors for man. From a spacirum of spacies such a3 the
mouse of ral, dog, and pig or sheep, basic information on the comparative reaction of biologic systems can be
scquirad (o tlucidate mechaniems of action. A common parameter such as metabolic rate could be utilized 1o
provide an index of extrapolation between species.

f

ESTIMATION OF LOW-LEVEL RADIATION EFFECTS OF INHALED PLUTONIUM
AND URANIUM MINE AIR CONTAMINANTS [N HUMAN POPULATIONS

I F.Park
Batrelle-Northwest Laboratory

The present stals of knowledge and confidence in the assesament of the low-level effects ol inhaled
plutorivm and uraniem ming air conlaminants demonstrates conteasting siluations. Inhaled plutonium has caused
pulmanary neoplasia and lymph node, liver, skeleton, and hematologicz]l pathology in experimental animals al high
dase levels, while studies at lower doses are not sompleted and biological effects have not been reported in exposed
human populations. Epidemiclogic studies have shown an increased incidence of pulmonary neoplasia in uranivm
miners; however experimental animal studies have thus far not developed animal models causing the observed human
effect.

Low-level inhalation studies with “solubie™ and “inzoluble™ plutonium in long-lived experimental
anjmals are required to determing the critical tissues and dose-effect relationships. Studies in short-lived species will
provide needed data, and comparison of the two or mere species could aid in developing a much needed more
mizaningful method of expresting the radiation dose-effect relationship 5o results of the animal studies could be more
adequately exirapolated to man. The role of the chemical and physical form of the inhaled material on the observed
effsct must be evaluated in experimental animals. Methods are required to accuratsly determing the in vivo hady
burden and distribution of inhaled plutonium in both animals and man. Epidemiclogic studies of pfutonium workers
should include special exposure, clinical and post-mortem evaluation of humans with known bedy burdsns. These |
known-¢xposure cases, it properly studied, should provide the most reliable information for estimating low level
effects. Consideration shouid be given to experimental studies in humans using plutonium isotopes such as ** "Pu o
evaluate inhaled plutenium metabolism in humans.

Since wranivm miners ars exposed to a combination of potentially carcincgenic egents, animal
experiments are required to identify the primary cticlogical agents or combination of agents end evaluate the
dose-effect response. An adequate method of expressing the dose-effect relationship must be developed for
utilization of the animal dala to gvaluate human exposures. Human studies should be expanded not only in number
of epidemiologic chservations but alse emphasizing more agourate dosimetry and exiensive study of the exposed
populations.

The lungs of a large segment of the human popubation are routinely exposed to harmful matecjals
including tobacco smoke and other pollutants; therefore the combined effect of law-level radiation and other agents
must be evalualed in human and arvimal studies to properly estimate the effects of low-leve] radiation on human
populations.

" When low-level effects are observed, calculated or estimated, some consideration must be given 10
the ““significance” of the ¢ffect.
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Mammalian Radiobiology

TISSUES AND CELLS IN VIVO

LATE RADIATION EFFECTS: COMMENTS ON IN VIVO SYSTEMS
E. 1. Ainyworth
Argonne Nartonal Labaratory

One appreach to the challenge of the estimation of low-levgl radiation eiffects in humanas is by
interspecies comparisons of life shortening, and of radiation ef¥ects in selected physiclogical systems. Such studies
may peemit generalizztions from a broad phenomenclogical base which could bear more dicselly on estimation of
human hazard than would studies with mice oz rats alone. M is clear that marked species differences exist with regard
to potential for repair-recovary after acute sublethal exposure or during continuous low-level sxposure. Moreaver,
phenomena have bean eéncountarad, such as, in shezp, a compleéte inhibition of recovery during continucns exposure
immediately following 2 sublethal acule exposure, which are not deseribed For laboratory rodents. The extent 1o
which species differances basad on measurements of short-term end points also apply ta lale effects 13 unclear but
deserves attention. Pechaps one of the most important Andings from the intarspecies studies is the great difficully
encountersd in arriving at broad generalizations. This cauticnary facel adds an importani perspective to our
consideration of extrapalation to man.

Dne complication of interspecies studies involving large animals concerns the difficalty of in vive
measurements of cell and tissus injury. This is but one of many reasons that the lahoratary mouse may b used to
advantage, snce a combined approach invelving both epidemiclogical and physiclogical description of the
populations’ responges to low-level irradiation is feasible and rewarding. One in vivo system suitable for esimation of
damage to the hematopoietic system involves measurement of changes in the marrow population of colony-forming
eells {CFC) together with estimations of the abiity of transplanted marcow to produce erythrocytes and
granulogytes. In this way, insight may be gained inta the compensatory responges, at the tissue and cell lewel, which
gre made by irradiated mice. By experimentally inducing proliferation within the hematopoistic system, it may be
possible ta detect late radiation effects on regulatory systems. Studies of compensatory or tegulatory capability ase
of importance, mnce in the context of low-level radiation effects, stem cell death per s, in some critical systems, is
importani only to the extent that Lthe stem oell population is not reconstituted, Prebminary results show femur CFC
cantent is ggnificantly decreased among aged survivors T 1o 0W) days after exposure t¢ neutrgn or X radiation.
Studies of cell population changes in marrow alter fractionated exposure are in progress.

It will be of particular inteérest to investigale compensatory potential and regulatory yystems in
mise exposed at low radiation levels when no significant life shortening is detected. Have repair or recuperative
process indeed been complete, or wil test procedures measwring compensatory responses Teveal injury to
homeostatic mechanisms? Were such elfects delected, our views on hazards of low-level exposure might be modified,
especially when considering the compensatory responsss required of human populations sxposed te many other
envirenmental hazards. Consideration of the combined effects of low-level irradistion and other environmental
contaminants may therefore be in order.

RELATIVE IMPORTANCE AMONG VARIOUS LOW-LEVEL EFFECTS IN MAN
J. L. Baternan
Brockhavrer National Laboratory
A rigomus investigation of a single lowlevel cause and effect, as is penerally recognized, will
involve ejther or both 1) extrapolation downward to the doses of interest from the nearest (higher dose) data in
mn, and 2) parablel experimental animal studies of the eifect of concern at the doses of interest. The former

techmique swifers the disadvaniage that the extrapolations invelved are ofien long and tenuows, while the latter
technique is handicapped by the difficulty of utilizing samples of sufficient size (for statistical validity) with
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organjsms close 10 man on the phylogenetic scale. With either type of approach, a clear determination must be made
of 1 the biological nature of the effect under considsration, 2) the degres of effect, and its causes, in the contool
population, 3) the degree of effect in the test population, and 4) the physical nature and magnituds of the
perturbing infloence. Finally, statistical analytical procedures must be able 10 determine accurately the likelihood
that the observed effect is not due to chance.

{The swudies, 10 be described, of radiation-induced lens opacification in the mouse fulfill several,
but not all, of the above criteria.}

A comprehensive approach 1o the problem, however, sltuuld not he conflined to the scope
embraced by the factors above. In fact, the precision of determination of a given effect caused by a given influence
{e g, induction of myelogenous legkemia by gamma rays) may become relatively less imponiant if either £) the same
effact can be more readily produced by another influence or 2) a different effect produced by a different influence
{ez., induction of .bronchogenic carcinoma by the atmospheric pellutant 3.4-benzpyrene) is of greater clinical
significance and incidence.

FProlection of the human population from deleterious influences will be more raprd and effective if
the relative imporiance of these influences {whether physical, chemical or radiant) is determined, and corresponding
priority assigned for investigation of the hazard and development of protective messures,

IN VIV MAMMALL&.N RADIOBIOLOGY AND SPECIFIC SYSTEMS
E. B. Darden, Ir.
Oak Ridpe Nationa! Laboraiory

Several staternents in the Conference present views on the relevance of animal studies in general
for the estimation of the effects of low levels of ionizing cadiation on the human population. As H. H. Rossi has
commenied recentdy, permissible doses have usually been reduced aboul a decade below the ievel of observable
effects. Direci examiratbon. of the consequences, if any, of these small amounis of radiation has been nearly
impossible, even in animals. My comments ace direcled toward the imporiance of sisdying in the intact marmmal
effects of radiation on specific radiosensitive systems or on the induclion of specific lesions. 1t zeems 10 me thai
selected in vivo systems can serve one or both of (wo important purposes: provide a response capahle of being
evaloated quantitatively at small enough dosez to reduce subsiantially ithe uncerlainty of extrapolaiing below
detectable levels of effect, and provide a model for the stody of mechanioms, hopefully with some geaneral
applicability to low-level effects.

We are studying faciors affecting dose response and KBE in two relatively sensitive systems in the
mouse, {1} the zygoie (a joint project with the Federal Aviation Administration) and {2y the lens. In the first,
embryo mortality as determined at 16 days’ gesiation is used as a measure of the sffact of radiation given eatdy in the
preimplantation stage. A statistically observable effect iz obtained at doses below 5 rads of fission neutrons. Relative
survival iz approximately exponential with Dy of 16 rads or an LDy, of 14 rads. The RBE with respeci 1o X rays
from 5 to 20rads is about 4 for single doses delivered within a few minuies. Some of the surviving offzpring of
irradiated mochers are being kept for observation of any late effects. The practical consequences of the study may be
related to the eflects of radiation in the human female at an analogous time after conception when pregnancy may
not be suspected,

The graded response of the mouse lens to radiation provides a highly reproduocible 2ssay (and a
nondestructive one) over a wide span of doges with a degres of precision wnnzual in mammalian radiobiology. In
curcent stodits we are examining dose sffect in derms af latency and of opacification level for fssion neutrons and
X rays. The respanse can be followed over more than a five-hundred-fold neutron dose tange down to less than
0.5 rzd. [n sddition to sopplying basic information about factors influencing radiation cataractogenesis, the system
shows promising resulls in providing sxperimental comparison to theoretical models such as the 1.2 hit theory
proposed recently by Ross. - '



SOME ASPECTS OF ANIMAL AND CELL FOPULATION EXPERIMENTS
R.J. ™. Fry
Argonine Netiona! Labaratory

The devetopment of late effects obviously involves complex mechanisms which allow for many
interactions of the variows regulating systems [1]. In the realm of animal experiments and their rols in providing
information selevant 1o human populations, useful generalizations ¢an be sought from data obtained geliberately on
a sufficient number of different species. The species differences in sensitivity [o Late effects, such as tumors and lens
opacification, have both defied explanation and been a reasen for varied animal studies, The differences in sensitivity
between tissues jn the same animal are equally obscure. Comparisons, interspecis or interanimal, sre made on an
organ Basis and not refated to the number of cells in the respective tissue. The vse of estimates of numbers cells at
rik for neoplastic wransfozmation for comparisons betwsen organs, within and between species, may be singulardy
naive, but perhaps it would focus on the possible reasons foy the differences. There is reasom (o believe that (or
cither tumor induction or lens opacification ensitivily is negatively correlated to the number of cells at risk when
large and small animals are compared. Mole {2], however, has suggested that the whole endosteum of different
species s equally radicstnsitive for sarcoma induction. The statement is productive, largely because it is
prowocalive-gspecially as be points cut that one cannel distingoish beiween the hypothesis that there are the same
number of potential cancer cells in the various species or the hypothess thal the cells, while greater in number in
larger animals, are lass sensitive. The estimate of the oumber of cells at rigk for a tissue would probably be only of
use for comparison, of sy, a tranformation index of eslls in vivo and in vitro, or pechaps the changes with age in
number and sensitivity. It is clear that {or meaningful comparisons such “iocat” factors as repair, the efficiency of
removal of abnormal cells, which varms with (urnover rate, and posteposure prolifecative activity would all have 10
be determined and incorporated. The comparizon of local and whole-body drradiation would be necessary 1o
esieblish the comparative importance of the interactions. For example, the immurological aspects of suppression of
umor expression may show variation between species and with ages in unirradiaced and irradiated animals. [n the
lens, no tumors occur, but the opacilies are thought 10 be 1he prodect of aberrant cells. In this system. interactions
with the immune system have not got the same importance. Therefore, studies of the relationships of cell killing,
chromosomal zbnotmalicies and the resoliant incidence of opacities on an inlerspecies basis should provide resulis
unjnffuenced by ceilular responses ¢lsewhere in the body. Lastly, comparative sivdies on somatic mutation appear (o
be necessary. All that this has said is that much hard-won phenomenological information is needed, and will net be
collected in a day.
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'GENETICS

GENETIC EFFECTS OF LOW-LEVEL RADIATION IN HUMAN POPULATIONS.
STUDIES WITH DROSOPHILA MELANQGASTER -

Saymour Abrahamm;i
University af Wiscorsn

The minciple of linearity of radiztion dose-mutation relationshipe has heen the view long put forth
by genaticists in estimating panetic risk from low doses of irradiation. This & 2 conservative view anly if muiation
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rate 15 proportuonal to dose o Jf there were (o be a threshold found at very Jow dosts On the other hand, i there
were an exlremely sensdive and substannally sized populaiion of unportant germ <ells (¢ g . gorwal) which were both
fughiy mutable and kidled by low doses or wradabion, then in fact the concept of Lineardy might underesivmate the
hazards of low doses when exlcapolanons from miermediate or hogh doses are carned out For this reason it becomes
important to abtan cntical low-dose miormatwon on the apduction of mulztions m enbeal stages of gatm cells in
Drosophula and mammals Work in our laboratery at present indicates that pogomal cells 40 not posstss a detectably
sensibive popuiabion of cells that would lead to a departure upwards from the expected lineanty al low doses In
fact, a test of aver 77,00 X-chromosomes fals to show a signficant wicrease i the induction of sex-linked lethal
mutatwons for doses of 20, 104, and 500 B as compared to the control On the other hand, the work of Oftedal does
suppest that Drosophila spermatopoma possess 4 sensifwve fraction of germ cells 1 am uncertaim al present whether
this population would contnbute a substantial mutation component that would sipmificantly alter the sshmated
mudaiwon rates for human populations at low doses {1e . 170 millirads per year) f an equivalently sensitive
population exizted Tor human cells

Other stwdies 1n our laboratory on the induction of translocations in smarere oocyrer at doses of O,
10, 50, 150, 250, and 500 B. demonstrale the following important points

I Ten roentgens spmificanily mcreages (by more than doubling) the rearrangement frequency

2 Rearmangemenis are anduced inoa Linear manner up tooa dose of 50 R and in 2 quadratie fashion
above 50 B Thus extends and corroborates ithe work tn mature sparm of Drogophda, bone marmow cells of man, and
spermategoma of Lhe mouse

3 Luneariy al low doses supgests that factors such as dose rate and dose fracuonation wiil be
unmiporianl m the rmoabon of earrangtment process, ance the anduction event zewlie from 2 snghe cnizatwn
track

A PROPOSAL TO ESTABRLISH ¥ITAL STATISTICAL MONITORING SAMPLES IN SELECTED
GEQ-ECONOMIC REGHONS OF THE CONTINENTAL UNITED STATES TO DETECT POTENTIAL
DETRIMENTAL EFFECTS OF LOW-LEVEL ENVIRONMENTAL HAZARDS

Douglas Grahn
Argonne Natonal Lahoratory

In racent years, slandard vatal statizhical data have been exploted 1o demonsteate alleged radiation
effects (at mactions of natural backpground levels) i terms of ncreases or time-trend changes in felal and infant
mortality rates, and adult mortality patterns Under most circumslances, pross unadjusied mortality rates are
relatively nsenative to munor perturbations m the nermal array of enviconmental, culiural, and biological Factors
that mfluence mortality Although some causes of death may be responsme, most analyses pul Farward today are
grossly deficient in ther simple recogmition of the impact of many eommon socioeconamie and racial variables on
mortaity Becausz wital statsstical data are cheap and plentdul, though nol without some troublesome inaceurasies,
the question becomes, what can be done to make such stalistics a mors valuable and s nsitwve contimuous montorng
system of the bislogieal effectz of enviconmental agents?

To stact, all factors known to influence mortality need to be clearty defined, so the unimtiated will
gwve more thought 1o Lhe interprelation of vanations The ntonsic vanance, or random component, needs to be
quaniitated The relabve sensitvity of different and ponts to changes n the myor mdependent vanables alzo
requires some elaboration  All of this, however, merely precedes whal should be done--1he estabhshment of selected
representabive master samples or sampling regrons Lhat can be used for longitudinal study of the vital stauistical
parameters that may be sigmificant indicators of imury produced by pecsistent low levels of environmental stress

The selecied samples should represent the maer geo-econonuc regions of the continental
Umited States, for example, Mew England, the industnal Midatlantic, the racially and economically heterogenecus
Southeast, the cash-gram crop Mudwestern remon, and olhers Regonazl patterns of mortality and significant
socioeconore voriables should be dentified A general enwironmentzl montoring program should be s#t up to
evaluate changes al least m the following water supply, mr-borne contamunanis, therapeutic drug usage,
occupationzl patierns, mugrahen, racial components, meome, education, and medical support programs Age and
cause-gpecific morlalily m mfani: and adults can then be bazelined for longitudinal, mier-regonal, or olher
compansons As no true “gontrol” population 13 avatable, each sample region becomes s own control i ime If a
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question should arise about the possible detrimental effect of a nucléar power station, for example, the necessary
data will b2 instantly available. _

More sophisticated maonitoring systems have also been recommended recenily by Neel [1.2]. A
sel of regional master samples, as recommended here, could provide the material to fulfiil Ne2l's suggested
requirements lor the detection of cytogenetic and biochemicel genelic changes. Meel considers that only a few
selected vital statistical events can be dependably monitored for changes in mutational pressuce. This may be the
cast, but present-day envirormental problems have both somalic and genstic damage polential. As cecently noted by
the Assistant Surgeon General of the U 5., exposed individuals are serigusly thraatened by the synergistic action of
two or more factors, and cause-specific death rates may, therefore, detect somatic injury very efficiently. The fact
that crude measures of infant morctality are now being used to measure alleged radiation effects makes it imperative
io establish the basic moctality paiterns and conteel factors, as it is certain these statistics will continue to be used
both wisely and unwisely. Lastly, it would be ideal 10 coordinate genetic and somatic measures of injury in the
population, if any sensible estimate of the hiological effects of long-term multigeneration, law-level environmental
5tress is to be made. -
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CYTOGENETICS
A B Reiskin
The University of Corinecticur

A review of the cytogenstic literalure indicales that most radiobiological phenemena apply to
structural changes in chromosomes as well as 1o inlacl cells. The degree of damage o1 number of aberrations varies as
a function of the total dose, radiation quality, time and method of sampling, condilions al the time of sxposure,
dose rate (depending on quality), cell age and other factors. The oxygen effect endfor protection by inect gases may
be an important sxception.

Cytagenctic £nd points, however, ofizn only ceflect the initiation of some metabolic, ongogenic,
genetic, or other process and in themselves may be of litde direct consequence. Dulbecco has pointed out that
radiztion-induced breaks in DNA may be the insertion sites for tumor viruses, and there seems to be developing
evidence thai viral antigens semetimes appedr in tissues after irradiation. 1t is already clear that radiation enhances
transformation by viruss, but the mechanics ars poadly wndecstood. 1L has also been recently demonstrated thal
stable cell lines with chromesome-specilic biochemical lesions can develop as a consequence of iradialion. Again,
the qualitative and quantitative relaticnships between radiation-induced chromesome changgs and these phenomena
are unclear. The problem is Further compounded by the fact thar in the areas of preatest concern, namely, low
dose partial hody exposure, the required samples are ‘large and difficult ta obtain.

The nature of the preblem indicates a need for two lines of attack. Assuming a model in which
cadiatioo-induced chiomosome changes lead to cell death, or to alterations in normal function, the fist step is
satisfying a requirement for a precise definition of the lime, dose, and quality functions of aberration production.
Precision, particularly in the case of small, low-frequency events, is beyond the scope of manual evaluation and will
require automaced analyrical techniques. The aulomation of karyolype analysis is advancing rapidly, bul it will he
neceszary 1o define the parameters celevanl to radiation effects since (they may differ from those cequired For olher
purposes. Second, assumptions linking struclural changes in chromosomes Lo lumor induction, metabolic dissase or
other sequelae can and should be experimentally tested.
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STATEMENT ON CYTOGENETIC EFFECTS OF LOW-LEVEL RADIATION
Sheldon Walft
© Univergity of Coliforniz Medical Center

Over 1he years, many effects of radiation have been studied rather #xiensively, but among the
most extensively stndiwd has been the induction of chromosome abercations. [t is generally believed that when cells
are killed by low doses of radiation, the sensitive target is the cell nucleus, ia., thal it i3 damage to the genetic
material of the gell thar results in cell death. '

Arguments have been constructed showing that, of the variows types of ouclear damage, only
chremosome aberrations can quantitatively accoont for the changes in cell survival. There are other arguments
indicating” that almost all mutational evenis, be they icue poinl mutations or chromosoms aberrations, ars .
detrimental or deleterious. Consequently, almost 2l geneticisls zgrae that radiation-induced mutations are harmful,
and that any increased amount of radiation which will incrsase the number of mutations, will alse be harmful. In
spite of this, and in spite of the fact thal over the years very much work has been performed in this areg, we atill
have the problem that we do not knew exactly how much genetic damage will be caused by very low doses of
radiation, nor can we tell exacily how harmiul this damage will be.

The rcasons for this are manifold. For instance, dicentrics comprise one of the major types of
chromosome aberrations studied cytologically. In human ceils, these aberrations have to be observad in metaphase
preparations that have 46 chromosomes. The chromosemes have to be connted and studied individually in order to
pick put such dicentrics, and consequently the preparations have to be of very high quality. Al this time, this has
become somewhat casier, but in the past it was rather difficalt. Earlier, people looked at only some 50 human czlls
per point. It was much easier to deal with plant cells that had much larger chromesomes, and then to make
extrapolations to the human case. Now that mammalian cytology has impreved, this iz no longer as sericus a
problem as it was, but at Jow levels of radiations, where the aberration yields are low, it is siill very aducus to
obtain statistically significant resulis,

This can be readily sten when one considers the shape of the dose curves for the induction of
dicentic chromosome abermiions that require 1wo breaks. With sparsely ionizing radiations, thess aberrations
increase approximately as the square of the dose. Therefore, at very low doses, these are very few abermtions. Thus,
even with good preparations, it is very difficuli to obtain encugh of these aberratjons after Jow doses to determineg
‘the difference from controls with any statistical precision. To fix our ideas on this, we can note that with a dose of
5 rads we might expect only 0.00032 diceotnics pey cell, which js very difficalt to distinguish from the spontanecus
yield,

Al teast three different studies carried out on aberrations in radiation workers have suffered from
such difficulty. Although, in general, such studies can show how low level doses of radiation are able 1o induce
aberrations in humans, il takes very large numbers of cells to dersroning whether the level is higher than in the
controls. Furtheomore, thert is a great deal of variability from person to person irradiated.

All of this is further complicated by the fact that dicentric aberrations, which are among the most
common, are sobject to an intensity &ffect, with fewer diceatrics being formed at low inlensities of irradiation then
after acute doses. Since most low-level experiments are carried out at low intensities, this tends to reduce Lhe
aumber of dicentrics even more, and thus mzke it even more difficall 10 obtain statistlcal differences. [n addition, it
is difficult to obtain a ¢control value becawse the individuals who comprise the control population frequently have
been exposed to dental X rays, medical X rayy, calfeine, chemical and snvironmental pollutants, or vireses that can
beeak chromosomes.

But gven if we did know exactly what the yield of chromosome aberrations was, especially after
low doses and low dose rates, geneticists still conldn’t tell you how bad this is The reason is that most chromosomal
abarrations of the Wpe that are scorable in cytogenstic préparations are not passed on ta suceeeding génsrations. As
& matiey of fact, they are not even passed theough very many cell divisions in somatic cells. These aberrations have
been called unstable abemations and are actively selected against. That is, they lead 16 cell death &ither because a
fragrnen? with 2 large nuember of genes i not inciuded in the dauvghter cells or beczuse the zberrations fomm bridges
that prevent cell division.

Consequently, it is seen that the problem i twofold. First, it is extremely difficult t obiain the
data necessary io establish statistically significant differences between conteod popuiations and those exposed o low
levels of radiation, and secondly, it is difficult to make a precise estimate of the degree of damage asscciated with
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such aberrations thai are actively selscted against and replaced with normal celis. The developmental changes that
occul because of such selection are lirgely, if not complately, unknown.

Genetics and Cellular Radiobiology

CELLULAR RADIATION BIGLOGY

CELL CULTURE STUDIES RELATIVE TO MUTATION AND TRANSFORMATION

M. M. Elkind
Brookkaven National Labaratory

Assessment of present state of knowledyre

Memmalian cells grown in culture are currentdy being used (o study mutation preduction. Cefl
transicrmation is also being studied in the contexts of cell-to-cell controls of peoliferation, the role of chemicals and
viruses, and the use of the translormation end point in connection with mechanisms of carcinogenseis. In reference
to transformation studies, some results have been puoblished demonstrating an enhanced elfect of jonizing
radiation [1—3] zlihough this is not always obsarved [4].

Concerning cell transformation, & comprehengive picture it not available as yet, nor is the rale of
radiation cleat. Futher, studiss of repair of radistion induced cell transformation {er mutation production for that
matter} are few and 23 yet nol very enlightening. As might be expected with the limited data available, even less is
knawn aboul whether or not drugs andfor virese: can acl synergistically with radiation. Finally, little iz known
aboul 3 pogtible dependence of mulation and carcinogenssis on radiation guality.

Evghegtion of furtire eourses of action

Three kinds of related departures are worth pursuing with mammalian cells in vitco.

First, there is need for the development andfor improvement of end points with which to assay
mutation and carcinogenesis more rapidly than can be done in animal aystems.

Second, with current andfor improved end points, dose dependencies need measurement, and the
role of radiation quality needs assessment.

Third, as one important approach for the study of mechanisms, for the guidance of animal studies
and for the estimation of incidences at low dose and low dose rate, a search for repair processes and their velation ko
repair rtlative to gther #nd points should be purswed. This should be dene as a function of LET to help develop a
comprebengive understanding of the forward and back reactipns. This third departure relates to the “threghold
question.” lts celevancs 1o this conference is evident.
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CELLULAR RAMOBIOLOGY AND LOW-LEVEL RADIATION EFFECTS ON HUMANS
W. K. Sinclair
Argonme Narional Laboratory

Studies on angle mammalian cells in vitro {1, 2] have been very muccesdful in quantitating
radiztion responses such as lethality, division delay, and various biochemical changes. Most of the data parizining to
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the shape and parameters of mammahan cell survival curves, and the manner i wiuch they are medified by radhation
features (dose rate, LET, fractionation, stc}, physiological parameters {oxXygen, temperature, position un cell cycle),
or mhibitors, sensitizers, proteciive agents, st¢ have hesn obluned by studies i cellular systems in wtro [3]
Cormresponding, but usually lzss precise, expenmenis i vivp have rendared n vitre data useful and applicable, withun
himats, to some m vivo cell compartments {much moce 15, however, needed herg) Cellular models may then be
developed {4] whach, in certamn wnstances, can predict or explan responses in whole anymal systems For example,
experiments on the effects of X mys and fast neutrons from the JANUS rzactor on mammalian cells i witro indicate
that it is fikedy that recovery ocurs m muce sxposed 10 fast neulrons, but to a considerably lesser degree than after
X or pamma 1avs

With respect to low-level radiation eflects in humans, two aspects of cellular studies 1n vitro are of
particular significance

First, the effect of low doses of radiation has been quarntitaied in some cellular gystems, and these
data may have gome prediciive value for whole organisma The multitarget, single hut model commonly employed 10
fil mammahan cell survival curves [3] predices Lhat at very low doses {1e, at the ongin) the survival curve should
have zero slope Expenmental studies ndicate $hat this 1s probably not the case Several workers have found in
asynchronous cells that sucvival data are belter Titted by a two-part model in which a low iminal slope {(with n=1} 14
followed by a later simeper slope [5=8] Duffersnces in B, amount (o a facior of 2 or 3 To avoad 1he complcabions
of muced responses wn asynchronous populetions, Morten and | exammned synchronezed Chanese hamster cells in late
5 in the region above 50% survival [9] We found that the slope near the orgn was not 2¢re, but corresponded (o a
Iyy ~ 3530 rads imoally, compared {0 2 final slope with Dy ~ 190-200 rads

Thus, (1) even at the lowest dose some effect was observed, and presumably this coolnues 1o very
low doses, and (2} gnonng other nterpretations of the model, the response of these cells has two parts, a small but
positive initial dependence on dose, followed at hagher doses by a greater dose dependence The respoise 1t evidently
naf uriform over the whole dose range

Extension of these expanments mto the very low dose regon requires, for statisbcal reasons, a
“megaplate’ expanment Nevertheless, same further extension would be desirabis

Second, the response of most corrent concern at low doses 15 the medence of lumors Little 15
known about the cellular baus of carcinogenesis For example, the transformaton of a nomal cell o a mahgnant
one by radialion must be a3 sublethal event, but what thyg event nvolves has been helle investipated This is partly
becavse the wdentificabion of malignant changes i cultured cells sull requires [urther development, ncludung
confirmation of the capacuy of transformed cells to idoce tumors in ammals The method has so far hesn more
useful for the study of chenucal carcinogens than for radation [10] However, development of this end peint
culture would be an important step 1n the furcher mvestigation of cellular carcinogenesis and of low level radiation
effects

Thus, | wenuly ihe important problems for the future i the cellular area as (L) further
development of methods of Leandating data from m vitro &x peranenls 10w vivo situations, {2) Turcher low dose and
low dose rate mvesigations in culture, (3) the developmenl of appropnate assay methods for transformed cells in
culture, and (4) the myvestigation of the cellular bams of radiabon carcinogenesis using these aggay methods
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IN VITRO STUDIES OF GENETIC AND CARCINOGENIC EFFECTS OF RADIATION
G.F. Whitmore |
Oretavio Cancer fnstitute

The growing awarsness of the potential genetic and carcinogenic hazards arising from radistion and
2 host of other environmental pollulants réquires the development of methods lar screening for the effects of such
agents. While in some instances it may be necessary to carry vut fuch studies in small mammals, considerations of
o5t and eonvenienes suggest the ase of mammalian cells in vitro. Partly as a result of the growing awarensss of this
need, and partly for variows other reasons, a number of groups have begun the sludy of various aspects of
mammalizr c¢ll genelics in vitre. To date most of these studies have been concerned with isclating and describing
the properties of both drug-resistant and suxctrophic mutants, and techniques have been described for the isolation
of mutants of both elasses. In addition, there have been several reports of attempis to use these systems in initial
atternpts to determine the mutagenic efficiency of both uliraviolet and ionizing radiation, and also of a group of
known mutagenic agents. From the studies already reporied it is obvious that the system suffzrs (rom 2 number of
difficulties. With most cell lines in cultuze theez is stil) considerzble question as to the geretic composition, including
frequency of monosomic regions, ete. Also, there is cansiderable uncettainty concerning overall ganetic ctability
during growth in vitro. In addition to these unceriainties, there are technical problems in that the mutation
frequency observed depends upon factors such as the initial celi population size in the teet dish, the time allowed
between mulagenesis and expression, angd the level of the selecting drug used in the selection procedure. It is
doubtful, howsver, if even this array of potential difficulties can explain the apparent discrepancies between the
values reparted for the mutagenic efficiencies of X rays in two mammalian test systems, oae laoking at drug
tesislance and the other at the induction of a glycine deficiency. Obviously a great deal of work remains to be done
ot the development of the system. Nevertheless the beginnings of 2 useful sysiem appear 10 be at hand.

In addition to the specire of radiation-indvced mutations introduced into large populations
exposed lo low levels of radialion, there is also the spectre of radiation-induced malignancy. Hers again, thers are
possibilities that certain aspects of this can be investigated with in vilro systems. The development of in vitro assays
for wiral transformation open up the posaibility of using the sarne assay systems for studying radistion-induced
trangformation. In this connection, one aspecl which would apptar to deserve a great deal more attention is the
possible inleragtion between virusts and radiation in the production of malignancy. Most DNA tumar viruses would
appear to require ingorporation inte the cell’s genetic apparalus before they can bring about transformation.
Evidence is accumulating that this incorporation can be fostered by the presence of nicks in the BNA introduced by
chemical agents, including a varisty of known carcinogens. Since it is known that radiation can also produce such
nicks, thers would appear to be a possibility of a synergistic effect here also, an effect that might also be investigated
in ¥itro,

Bazed an the above raasonring, there would seem o be 2 greal deal of msrt at the présent time in
the further development of in vitro systems for testing both for mutagenic and for ancogenic 2ffeets of low levels of
radiation.

Human Epidemiology

FOLLOW-UP OF EXPOSED POPULATIONS _

HUMAN EPIDEMIOLOGY
R.E. Albert
New York {niversity Medical Center

There is 2 strong suggestion of an approximately linsar nonthreshold doss-sffect relationship for
leukemia in Japansse atom bomb survivors o3 well as Xmradiated spondylitics. Although the “thresheld” form of
dose-eflect curve 15 observed in most experimental studies relating carcinogen dose to wumer incidence, any doubt

1]
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that there 13 such a thing as a hnear nonthreshold tumor response 12 dispelisd by the data celating lung cancer in
humans to the daly consumption of ogarsties The practuical amphications of a nonthreshold dose-response
relationshup are repallent because st nevitably produoces the dibmma of attempting to equate the cost in human hifz
agamst the amenpies of hfs produced by technology

Although st may be wishful thinking, thers 1 ons contideration Lhat mght lead (o a practicad
amelioration of the problem, namely, if the apparenl nonthreshold dose-response relahonship were really the
compaste résponst of a senec of subpopulation: of graded susceptibibily IF s0, the dentificaton and special
protection of such hugh nsk populations might sigmficantly reduce the cost an lives associated wath any given level of
carcinogén #xposurs That such high-rsk subgroups exost 1 clearly allustraisd by the wellknown gensheally
determaned dwsease, xéroderma pigmentosa, which involves a defective mechamsm for repaur of DNA injury caused
by ultraviolet radiation, together with a remarkably hugh susceptibility to skan cancer nduced by sunhght

These considerations lead to the assue of how the degree of susceptibibily 6 a partwular carcinogen
for a given Form of cancer relates to Lhe sponlanecus madence of that cancer Cne gains the impresmon from
expersmental data thal 2 nonthreshold type of lumor sesponse to a carainogen ocours where there )s a relatvely high
apontaneoss incdence of the particular ¢ancer under stady If an approximately constant redation doss wers
required 1o double the spontanecus wneience of any type of cancer, it 15 clear that the spontanecus madence of 3
cancer would have a strong effect on the shape of the response cunve and the existence of an apparent dose
threiold

THE EFFECTS OF RADIATION OM THE FETUS
M L Goem
Laversity of Chitcago Clirucs

[n 1968 o the Journal of Reproductive Medicine | took the Tollowmg posinon in the summary of a
review article on the effects of radiation on the fetus

1 High doses of wnizing radianion above 50 rads will resull in gross congenatal malformations
These malformanons will vary with the stage of gestanon at which exposure to X ray occurs

2 The developing central narvgus system 5 very sensitive to wmzing radaten, and doses above
15 rads will result im frank abnormalibes

3 Exposures of 15 to Irads may result v an increased frequency of tumors, either be-
nign o1 malignant

4 Below doses of ) rad there seems to be little evidznce that the fetus i3 imured

5 Badwacuvs zotopes admunistered to the mother can cross the placental barrer and result in
mmqury g the fetus

& Dizgnostic X ray exposures of the maternal pelvis should be avouded, especially durng the frrst
tnmester of pregnancy

7 Duagnostuc chest X rays and X rays of the skull and extremutis have not been snplicated in
radiation imucy to the fetus

This position can be modified two years later by addilional data supphed by L Jacobsen who has
evaluated the somatie effects of radiation on the felus and has exiended the observations of the Rusgells in a
monograph entiled “Low-Dose X-Radiation and Teralogenesis* The other area winch has changed somewhat m
the past two years 15 that of carcinogenesis Three inleresting papers have been presenied One & by Robert W Gibson
and co-workers pomntng out the increase an leukenuz i chddeen exposed o mulbiple nd factocs, one of which
mcludes i utero mdintion of the chuld Alce Stewart has added some add:itronal mlormation 1o the concepl thal
radiaton may indusk cances On the other hand, recent work by Jablon and Kato analyzing almost 1300 chiddren
exposed prenatally (o the atomic hombs has not demonstrated an excess mortality from l=ukemia and other cancers
These most recent data in the prospective siudy of Jahlon raise some quesions concerming the previgus retro-
speciive studies by Gibson, Stewart, and MacMahon

The position one mugh! lake now with relation to fetal wradiation and carcinogeness 15 that the
nisk ix less and that the frequency of tumors nduced by prenatal radhation s less than previously expected Brent has
added additienal data corcerning the lack of effects on the central nervous system as measured by changes in
nervous function A numbsar of others have contrbuted (o the growing body of data about whichi isolopes cross the
placental barriey and enter the fetus This work has been reviewed by Sikov
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LOW.LEVEL RADIATION EFFECTS IN HUMAN FOPULATIONS
L. H. Hempelmann

Strong Memorial Hospival

Assessment of present stare of knowledge and confidence

Almest alb of the predictions of he elfzcis of lowdevel exposure ta ionizing radiation in man are
based on extrapolation of data from human populations exposed to relativety high doses (usvally aver 100 R}
delivered at a high dose rate (over 50 Rfminute or more), ofien to a Jimited poction of the bedy. The only
populations at present available for direct study of low dose ¢lTecls are {1} human fetuses exposed to a few rads of
X rays at high dose rates, (2} hyperthyroid patients treated with ' *'1 with a resultant total-body dosage of several
tens of rads ad a relatively slow dose rate (plus a large thycoid dose), (3) a few huindred Marshall 1slarders exposad to
rather uncerain doses of external énd internal zadiation at a relatively high dose rale from radivactive fallout, and
(4} a large population of Japanest at some distance from the hypocenter of the nuclezr sxplosions, wilh resultani
exposure to small doses of uncertain magoilude delivered at a high dose rale,

Since the resulls of all of these studies are at best uneertain in one aspecl or another, we musl uss
the available data on persons exposed to relatively high doses al high dose rates 1o assess the risks of low level
txposures. In keeping with the wsual policy of maximizing estimated risks, we make the most conservative
assumptions in ¢xtrapolating the values to low dose levels, namely , we assume that the lingar dose sesponse observed
at the high dose levels and high dose rates also holds at low levels of doses and dese rane. In other words, we assume
that no recovery occurs at low doses and dose rates, a pessimistic assumption in view of the demonstrable recovery
of cellular damage in animal and tissue culure experiments. As Far as the confidence in the extrapolated risk values
is concerned, we are certain that these estimaies arg al the upper limit of the possible sffects if one extrapolaies
from the rapidly ascending part of a valid linear dose-effect curve. We have no idea how much less than the
max imun the actual risks may be. The confidencs limils, then, ars between the wpper estimated risk and zero.

Ewvatuation af future course of acrion

[n my opinicn, the following course should be pursued to solidify the data on risks of low-leve]
radiation ex posure.

1. Intensify mathematiczl treatment of dose-elfect relations extrapolated to low doses.

2. Stt up intensive experimental studies of the shape of the dose-responss curve a1 low doses and
dose rates, and of the mechanisms of cancer induction under these conditions.

3. Continue animal ¢xperiments comparing &ffscts of the same doses of ' ?'Land X rays, such as
have been dons for cell killing and oncogenesis in ral thyroid.

4. Continuwe and extend exisling & pidemiclogical studies.,

5. Look for new study populations, preferably irradiated at low levels, £, 1echnical and
supportive staff expossd to fallout at the 1951 Eniwetok 12sts, children given tracer doses ' *11, eic.

&. Set up a panzl 10 evaluate objectively the comparative risks of nuclear vi. other power sources,
This should be composed of distinugished scientists who have not previcusly been associated with the sadiation field,
but who think in terms of prebakilities and who can analyze data objectively.

SOME RECOMMENDATIONS FOR EPIDEMIOLOGICAL STUDIES
E. L. Saenger
Eniversity of Cincinnati College of Medicine
The probability of isolsting additional unigue low-level effects atiributable 1o radialion by
experimental methods seems low. Historically, the only data which contribute to ow understanding of somatic

elfects, insofar as radiation standards are concerned, are hurman data; and of thess by far the most vseful daca are
obtained from epidemiological investigations.
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My personal view continues to be that the prasent radiation standards are entirely adequate [1, 2]
and that no changes should be made until new information becomes available which indicaies claarly the need for
further modification. Based on existing data one can show the reascnable possibility thai certain prasent standards
are too rigid just as well az one can consider that the same standacds are 100 high. Thest statements do not indicale
an oppostion 1o the warch for effects associated with low-level radiation: well planned studies are highly desirable,
particularly in view of current public apprehension.

A pringipal source of confusion of some receni studies lies in the practice of comparing
populations with geossly dissimilar characteristics, usvally a diseased group vs. the population at large. 1n general,
retrospective studies have been of oaly suggestive help in identifying association [3]. Usually their appeal is an
goonomic one. [T witl be necessary to identifly prospectively populations receiving low doses (0.1 & 20 yem) and
arrange long-Aerm followup both of the irradiated and comparison cohorts,

Specific study arsas include furlher investigation of alterations of sex ratio, abrormalities of
development following diagnostic X irradiation early in pregnancy, and abrommalilies in children receiving “high”
doses 1o the genilousinary tract. Further correlation between cytogenstic changes in imadiated children and
subsequent manifestations of such abnormalities should be considered. Most investigations of these kinds will require
collabaration between many large centers.

The carlier recordkecping proposals of AEC should be reexamined. It should be possible to
follow individuals wha receive L 10 5 remfyr, if they are properly identified, Agein, it will be necessary to ientify
appropriate comparison groups. Adequate follow-up must be assured. Accest 1o Social Securily records should be
simplified greatly, 50 45 to make appropriate follow-up more precise and leas costly,

The concept of benefit v, sk is o loozely vsed that this matter nzeds thorough re-gvaluation 3o
that a language of benefits can be developed. Consullation with chinical epidemiologists and actuaries will be helpful
in this regard.

Finally the relatively high costs of these pragrams should be considered. They will probably be less
castly than the ¢xpense of making standards mose rigid in the absence of scientific evidence, [t is essential that we be
right for the right reasons,
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Human Epidemiology
EFIDEMIOLOGY OF ENVIRONMENTAL EFFECTS

WHAT CAN BE LEARNED ABOUT LOW-LEVEL RADIATION EFFECTS FROM THE RADIUM CASES?
R. E. Rowland
Argonne National Laboratory

The study of the effects of internally deposited radium isotopes began long before accelerator or
fission-produced radicisotopes were oreated. Human ¢xposures from radium, acquired ejther through indusical
sxposures o1 iatrogenically, have provided a pgreat wealth of information on the sif2cts of radialion on man.
However, most of the emphasis has been placed on the effects of high levels of radium.

Exposure to radiom, however, has produced a complete spectrom of levels of internal
contamination. The exposed population consists, therefore, not only of the high bevel cases where the majority have
died as a resuli of their exposure, but also a lacge number of low-level cases where few, il any, consequences of the
radiation exposure have been detecied.
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Since the formation of Lthe Center for Human Radiobiology within the Radiolopical Physics
Diivision of Arsgonne Laboratory, we have acquired case records For most of the radium czses that have been located
within this couniry. From some 2000 records, we have idendified a group of 777 cases who have a measured body
burden, and for whom total doses have been caleulated. Thess cases experienced a tolal of 71 malignancies presumed
ta be radiation induced,

Various doge responss functions have bean fitied to thess data. The function yislding the most
satiglactory Fit for Lhe entire range of doses is of 1he form

Tumor Incidence = K(Dose)? e-Dose/Dy |

where the Bose is the average skeletal dose,

For this discussion the csgion below 1000 rads, where there are 584 cases with ne malignancies to
date, i of most interest. Assuming that a Linear response applies in this région, there is a S0% probability that the
relation of mcidence to doss is

Tumor Incidence %0.3% per 100 rads.

Future studies on the population of radium cases will inchade:

1. Al possible efforis 10 increase 1he number of cases available for study.

2. Compkte follow-up of 2l living cases for the remainder of their lifetimes. OF our pogulation of
717 cases, some 380 are alive today, most of whom have now carried radium within their bodies for over 44 years.

[t is the aipha-ray dose to the sofi usswes adjacent 1o bone which is wsually considered when
evalueting the effects of wmeernally deposited radivm. The lollowing features, wsually ignored, are also to be
considersd:

1. Most of the radon formed diffuses out of bone inio 1he bloged stream, and thus throughout all
argans of the body. Radon decay mey thersby result in the irradiation of all argans of the body.

2. The 1adwm daughier producis which do remain within bone emit, in addition tc alpha
particles, beta and gamma radiations, which effectively deliver a small doses o all of the contents of the mamow
cavity and surrounding tissues.

Thus the hving radium cases have sxperienced not only intenss alpha radiation adjacent 1o bone,
buwt continuous lowdevel irradiaton of all the tissues, The study of this population, therelore, may yield a
backgroungd of information applicable to low-level radiation exposure te the entire body.

EPIDEMIOLOGY OF ENVIRONMENTAL EFFECTS
P_E. Sartwell
Johnz Bopkins School of Hygiene and Public Health

1t is difficult to think of epidemivlogical studies of low-level radiation effects which do not imvalve
the follow-up of expomxd populations, a topic allolted to another group. Twe Kinds of situation haves provided most
of the direct imformation on human effects. These are occupational sxposures, and diagnostic or therapeutic
exposures. Occupational groups which have yielded valpable information include the Colorado plateau uranium
miners, radium workers, and radiologists. A comman deliciency in such studies is limited information as to dosage.
Occupational risks have prebably become muech smaller than heretofore.

Medical exposures which bave been well siudied include X-ray pelvimelry in pregnancy, and
teeatrent of ankylosing spondylitis, Other siluations have been less well investigated. [n pacticular, lubercolosis
patiends who received pneamathoray treatment in the nineteen-thirties and Forties should be followed up, since they
received heavy fluoroscopic exposures. Suitale controls would be patients with similar lesions who could not
receive pneumothorax. Such a study would be difficult because of the long elapsed time, but nevertheless offers
Promiss. '

No information is zvailable, 0 my knowledge, on the effects of Living in sites where natural
background radiation is very high. lndia and Brazil are said to hawve such regions. It would seem feasible to make such
studies, which might yield information as to possible increases in mutations, congenital defects, intrauterine death,
cancer incidence and general mortality.
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More can be learned about the longewity, reproductive experence, diseases and causes of death of
radiclogsts i companson with other medweat specahats o particular, we need to kzarn af the axcess mortality
which we attnbuted to occupabonal exposure it stull in ewidence Two studses--one based upon B regstry of
radiologists and pathologis, the other an analyas of martabty expercence of several medical speacialist groups--are
under way to angwer thes questions

The investigalions menticned above are of the longstudinal ot cohort type Ancther approach 15 to
selact o disease suspecied of bang radiation induced and conduct o zase-control study This approach hag been uzed
effectively n studies of leukenus, lung, breast and cervical cancer and other dissases 11 permits the estemation of
relalive tisks of a seiscted diseass among those who have had a particular exposure, such as radiation

The acceldration of apmg by radiabon 12 a phenomenon established n anumal experiments but not
yet elearly indicated in man It ¢ perhaps the mozt mportant, a2 well as diffieult, low-level radiation effeet to
evaluate In addbion io chncal avidencs, an exesmve age-spaeaflic martabty beyond age 45 atinbuted to cancer,
arteriosclerotic heark disease and some othér causes would be svidence for aceelarated aging an exposed human
popuiations

In epidemuologic studies 1t 1z impaortant to take account of other environmental and host qualites
which may zlso influence dwease ncidence An example of thus i the impartance which cagarette smoking appearsd
to exect o amphfyng the elfect of radiatvon 1n nducing lung cancer of vranwm minecs

EPIDEMIOLOGY OF ENYIRONMENTAL EFFECTS
Raymond Seltser
Johns Hoplans School of Hygene and Publie Health

The specific charge 1o each participan? of thus conference was 10 brng a contise statement of his
views about ways to improve the estmabtion of low-level effects i human populatons It was to deal explicatly with
the followng iwo pownts 1)assessment of the present state of knowledge and confidence and 2} evaluauion of
fuiure conrses of aclion

The type of radiaton hazards from “environment effects” can be classified according 1o the source
of the radiation exposure, e, a, water, or sod 1t 13 relatively easy at this pount ta assess the present state of
knowledgs concerning low-level effects atinbutable to air, water, or sod exposures The controversy ever the
unterpretation of visal statistics-and the need to rely on such imprecise measurements at all 1n attempting to detect
radiatien effecis in human populatons-s an mdictmeny of the Talwre to develop and mamtan adequate study
populations which might serve as indicators of these effects There s Limned knowledge available from the
Magshallese data and the Nevada test data, boi these are o scanty, controversal, and selective as to be almost
worthless for speaic inferenial use

How, then, should this preblem be attacked® What can we do new and in the future® § believe that
there 15 the need for the development of a Matonal Environmental Effects Surveillance Center, charged with the
respensibdity of

1 Monitenng through appropoate sampling schemes for the existence of “hugh risk™ argas andfor
populations where the levels of any environmental toxic agenl {whether 1 15 radizton or other pollutant) exceeds an
established murmuom,

2 Survedlance of such hugh nisk arcas and populations, developing whatever speaific siudyes ars
nesded to determming dosseifect relationgups between the “agent” and the host

1 belweve that such siudies 2nd such popuiatens must ro longer be allowed to develop at the
“whims" of indrdual investigators Al such wdentdied groups should be consdered “natronal resources™ and as
such, fallow-up should be under the aegs of some central group [t 13 Iikely thai much of the actual work on these
groups could be carmed out by wnmversity parsonnel or other interested groups under cantract 4o the central urm

I cannct overemphasize the impartance of attempting 10 ue in the surveillange for radation affscis
with simalar activities for other biological effeces induced by other snvircnmenial hazards The technuques of study
and the problems of follow-up are sundar for all these agenti~-even thaugh each siudy would require different types
of scennfic and technical expertise on the study 12am The common denomnater, however, 15 the epidenuologist
whose forte 15 the technsques of hypothens testing in human populanion groups
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ROLE OF THE RADIOBIOLOGIST IN SETTING GUIDELINES
A R Tamplin
Lawrence Radiation Laboraiory

For the purpose of setting guidelines for the exposure of individuals by ionizing radialicn, the
reasonable public-health approach is to use & linear extrapolation beyond the point where data exist. This, it can be
sid, 15 my opinion and it involves certain value judgments that lie cutside my scientific discipline, With this I
would agree.

At the same time, | think chis iflustrates the role of scientists in seiting the guidelines. His role, asa
scientist per se, stops where valid scientific evidence ¢nds. A1 that poini he has one additional inpui and that is to
define the nature of the expeiiments, Lhe lime requirzd and the money needed to 12solve the uncerlinties.

| think the present data are sufficient 10 ser the guidelines. To da Further experiments for the sole
purpose of seiting the guidelines would appear to be counter-praductive. For the most pari, the study of low-level
radiation effects entered the baroque period some years ago. By this | mean thal the experimental approach has been
to study larger groups of animals al Jower dompes. These studies now show linearity down o 10 rads. Further
extension solely for guideline purposes would séem unwarranted.

The fulure of radiobiology would seem (o lie in different pursuits such as investigating the
méchanism of radiation carcinogenesis. Here it seems 0 me that more experiments involving synergism and
co-carcinopenesis should be underiaken. | think the same thing applies to the genetic effects, for example, in-
vesligating the different behavior of the mouse oocytes. Alko more effor should be applied to the rale of the
chromasome alteralions in both carcincgenesis and genetics. The newer techniques for studying chromoesomes would
suggest thal this area is ripe for detailed study both in animais and man.

Physics and Models

DOSIMETRY STANDARDIZATION-COOPERATION IN LATE EFFECTS RESEARCH IN EUROFE
J. ). Broerse
Radiobiclogical Insritute, TND

Progress on the estimation of low-level radiation effects requires large.scals expsriment: and
long-iemm commitmenis of personnel and Facilities. Such requiremenis ars in general beyond the scope of an
individual laboratory. because of Llimitations with respect to finances and technical facilities. In the pasi, the lack of
stendardized experimental material and variation in methodology and in guantitation of end poinis, have made
interlaboratory comparisons exiremely difficult. A solution to these limitations, providing the possibility of more
rapid advances in the field of late effects studies, has been found in a ¢oordination of projects of several Eurgpean
laboratories organized in an European Late Effects Project Group (EULEP).

A cooperative ressarch program requires the standardization of methods usad in the participating
laboratories [1]. A few areas can be distinguished where the standardization of methods it of paramount
importance, namely, dosimetry, experimental animals, and special anxiliary methods used in experimental and
clinical stodies. Such a standardization will facilitate the comparizon of resulis obtained as well as their evaluation
and interpretation.

For a quantitative assessment of the effects of extecnal irradiation, the exposure procedures have
to be standardized and cthe absolute dosimelry has to be consisient within the participating iaboratorics. For internal
irradiations, it will be necessary that the participating laboratociss apply the same models and the same physical and
bicdogical data for their dose calculations. For the standardization of dosimetry in these laboratories, a special
dosimetry commitiee has been appointed to assist in dosimetric problems and 10 suggest improvements in existing
methods. At present the commities has given recommendations for the standardization of X ray dosimetry [2] , and
Iz carrying cut dosimeley iniercomparisons. A mail ssrvice of thermoluminescent dosimeters has been orpanized. The
preliminary reuits of the EULEF X ray dosimeiry intercomparizons are shown in Table 2.
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TABLE 3. Prliminary Reguiis of X Ray Dogimetry Inderco o par som

Differance beiween highest

and lowest readings of Mean value for Eirst Mean valun for wacond
Ingiitute - bllnd cadad thras TL dogimaters, intercom parkon, % intercompariaocn, %
A (Rijswijk) L2 il 11
B z.1 o0 191
C {Biltheven, standardized)
(on MBS and NFL) s - 2% o0
D . 5.6 97 21
E 1.2 &7 102
F 2.9 118 .
G 1.7 106 107
H 4.5 a9 oA
K 1 101 100
L 1 9q L1
b a.% 107 114
N 5 1 o
O 0.5 104 121
P 3 &1 9
Q 1.% 1y g
References

1. EULEP {European Late Effects Froject Group). Proposal far the performance of a cooperative research project
on late somatic affects of jonizing radiation in mammalian organisms, 1o be published in 1971,
2. EULEP. Recommendations for the standardization of X ray dosimetry. to be published in 1971.

A STATEMENT ON LOW-LEVEL EFFECTS IN HUMAN POPULATIONS
H.H. Rossi
Columbia Lniversity

1 believe that we are in the process of formulating the basic nature of the radiation Jesion in the
mammalian cell to the point where the Kinelics of a particular inactivation or injury can be delined in terms of two
of three characieristic quantities. Short-teem research goals should be concerned with the measurement of these
parameters in order to achievs the ability to pradict effects al low doses and, in particular, to identify the magnitude
of the linear term in the celation between dow and cellular effect. Research suitable for this purpose is concerned
with an assessment of the effecis of radiation quatity and of dose rate, particularly at low doses. An important larger
experiment should be a comparison of the effects of chronic exposure of animal populations to high (¢*Co) and low
(* 7*Tm) energy gamma rays and to neutrens (35 *Cf). This should provide many of the needed data, even with
abservations at doses that considerably exceed permissible Jevels Extrapotations or mathematical aralysis of the
dose-effect celation for any one radiation are likely to be sierite or misiaading,

The biophysical approach mentioned sbove provides only a limited pragmatic understanding of the
action of radiation on the cell. 1t is unlikely 10 solve such fundamental problems a5 the biochemical identity of the
radiation lesion or the interrelation belwesn cellular and tizsue effects. The answer to the first of these queslions iz
not immediately required for radistion protection. The answer to the second has considerzble bearing on whether
permissible doses hased on cellular response are too low dut not on whether they are too high, since injury to more
than one ceil must exhibit 3 dose-response relation in which linear teyms are suppressed or abseni. To overestimate
radiation hazards might bt as harmful to progress as to underestimate theom. Thus research designed to slucidats the
relation berween ceilular injury and pathological regponss to radiation should have high prionty.
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THE DOSE-EFFECTIVENESS FUNCTION (DEF). DEFINITION, DATA,
AND A CYTOGENETIC MODEL

G A. Bacher
Argorne Mational Laboritory

The DEF it defined lor each £nd point a3 the functional dependence of vield on doze, with yisld
expressed per unit dose. The validation of #ach empirical DEF estimate d&pends on demonstration that the deyived
curve js nid distorted by interactions with other parameters.

Analysis of life shortening data for rodents given single, fra:ctlunated or lifetime exposures to
v rays, Xrays or Fission neotrons establishes the following properties for the DEF: 1) over a yray dose range
extending from aboul LOR up to about 10D R, the DEF increases as Lhe first power of the doss; 2} below 10 R, the
DEF is constanl, with a norninal value of 0.0004 ', above 100 R, the DEF rolls over [o an upper plalsau with a
value of about 0.003 B!, so the high- and low-dose efleclivensss values are in ralio of sboul 8:1; 3) the DEF loc
fission neutrons is neardy constant over the entics range, so the reciprocal of the DEF it approximately the RBE
function for fission neutrons relative 1o gamma rays.

I was conjectured that the middle and upper branches of the DEF are dug to cell injury and death
ariging from inviable rearrangements of broken chromosomes. A computeraided mathematical analysis of
chiromosome breakage and reunion js being developed which permits the kingtics of thest processes to be modeled.
The computer mode! can deal with 40 or moce simultane ooz chromosome fragments per eell. The firsl cases modeled
ar¢ found 10 Mt the two upper branches of the DEF when the two adjustable paramelers are assigned valugs
consistent with the data of cell radichiology.

Further zludy of the propertio: of DEF's for various end points, and of the cytogenetic theory,
should be given pricrity because they promise 1o provide a basis for evaluating the paramsters of the low.dose
branch for effecis on man. Some {irst objectives at Lhe phenomenclogical level are: 1) mezsure DEF's for varous
somatic end points, especially Jeukemia, making use of the relation between DEF and RBE curves; ) in particular,
determine in ¢ach case whether a low-dose branch exists, and whether it hat 2 consisient ratio to the high dos
branch {this ratio it so far known for enly one end point), 3) determine the DEF™s for speeiss differing in sensitivity,
and their parametric difference: {e.g., guinea pig and moust DEF's differ only in the recovery rate parameter),
4) ztek further evidence on the guantitative relation of somatic disease and death to cell death; and 5) pursue the
relation of cell death to chromoseme lesions, especially the mechanisms of the First-power dose dependence at low
daoses. :
A preat effort will be needed to maich the chromosems sberration theory to the complex
phenomenology of the cell cyele, but significant advances can be made independent of that development. For
example, Lhe theory has already supgested new experiments on the elfects of [ractionation and neuleon-gamita
mixtures, which may have important constquences,

Exposure Guidelines: The Process

THE DEVELOPMENT OF EXMOSURE GUIDELINES
Lauriston Taylor
MNationa! Adecdemy of Sciences, Washington, I C.

A numarical value For a standard of effect implies a knowledge of the effect produced at a piven
lavel of strezs, and thal bath effect and stress are mezsurable, Al modesl doses of 5 Tew tens of rads delivered in a
short time period the statistical identiflication of certain cause-related elfects becomes possible; no observations have
been possible for levels balow a few rads. Because of this, many queslions arise.

Ahy proteclion specilication fequires an indication of the objecl to which the standard applnes If
the obiect is man, is it al! men, and are we by such proleclion depriving him of something he needs and desires-like
more |ife at some level of health and comfort, or perhaps jusl some more eomfart, or something matenal? And who
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evaluates hus needs and desices and decides upon the level of thew [ulfillment? Thess questions have to be answered
before we can assess the vazlue of our state of knowledge becanse wnless, and untdd, we have some basis for a
relauonship hetween whom we ate pralecling and what we are prolecting agunst, we are largely 1 an atmosphere of
personal opinon and we can more ¢asily setile the problem by voting-excepl thal a consensus in 1ignorance dogs not
produce wudom

Another problem 15 the defimtion of what an “effect™ 15 and whether 1t can pliimately be shown
e madify man’s “way of hie™ or that of his offspring

Lt 15 reasonable to suppose that an allowable exposure of population groups to wmzng raduabion
ongmating ltom a controllable source would be at some lewel less than thal causng an observed effect For
expiaures abave the mummum, Eg, to cause an chsgrved effect, there arg vanous dose-slfect relatonshups thal may
vary with the effect and the manner 10 which the dose 15 deiwered However, the population doses, Ep, for which
there 1z concern, are & small fraction of Es- doses generally of the order of that from natural radiation Ey, or much
less Ep=Ep <E, The allowable dose mught be arburanly set as low as zero, where there 1s clearly no direct of
indirect benzfit to anyone A level above zero would be set i censideration of possitle needs, benelits, nsks and
cosls The question s how to evaluate or posiulate the effects or riks wn the dose region below the level of E; in
which na cases are likely ta be found within the Forsesable future How then 15 an allowable doss level se1?

The method wsed 1 tmacology 15 10 make no assumpuons about dose effects in the regron where
there are no observed effects and choose an allowable level at some Frachion of Eg 1t 15 a smple “safety factor™
meihod One aliernatve would be 1o postulale a inear dose-ef{zct relauonshup an the dose range beiween Eg and
zerg dose, disregarding repair and recovery There 15 Ltle foundation based on observalions fer such an
extrapolation, and smce thers &5 some hological repar and recavery any such plot would, at most, represent extrems
upper values for effect Such an extrapdlated curve, alene, 15 not only valueless but sencusly misleading when used
a5 a baas for calculating or predicting radiation nisks, njuries or deaths

Thus, neither Lhe safecy factor nor extrapolation method can be used for guantitative evaluations
of exther effects or nsks The man wirtwe of the second method 15 thar the extrapolation may provide a useful hine of
departure for the study of eliects when new {echniques or large statishical samples may yield some sigmilicant data in
the low-dase rgion In the meantime for doses <Eq 1L must be clear that the effecis have faded oo msignilicance
A defintuon of “insenificance” 15 essential

Chairman’s Committee Report

ON THE DOUBLING DOSE CONCEPT
C W Mays
Linwversiry of Urah

By anglogy with the mducton of genenc mutations, some indoaduals [1,2] have assumed that the
medence of radahon-mduced cancer is directly proportional 10 both (ks “ratural™ incidence and the radiaton dose

Ih=lg (n

where

I¢ = radiatronnduced incdence

15 = natoral modence

¥ = radnanon doge

D= doubling doge (assumed constant)

However, the same indradusls proposing the above relationship have indicated that the so-called
Ratural inewdence i not 4 fked quantsty, but can be influenced by varous factor: such as country of resdence [1],
cigaredte smoking [1), exposure 1o asbestos (1], and background radiation [2] For example, they present data
midwating that for radmtion-induced lung cancer, the medence per rad 15 about 10 tunes higher n cigarette smokers
than mn nonsmokers, and asenbe this to the 10-fold hopher natural meadence among the ciparaite smokers [1]
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Furthermore, they claim that the average background of about 01 rad per year cause: about 2% of the
naturally-occurring cancers [T thas were teue and if the dose-response were linear, then from thas factor alone the
predicted natural incidence i some cegrons should be 4 times average, since background radialion in some inhabned
parts of the world ranges up 1o about 10 rads per year, which 1z 100-fold hugher than average [3] Predicted natural
mcadence for such regions of high background

Radizbuon mduged &= | (00 ¥ 3% = 3005
Wonradiation indugssd = 100

Total natura) incidence o= A0

Thus, (from Equation |} the increased wncidence per addibonal rad in such regaons of hugh natoral background 15
predicied to be about 4 times greater than if background-eguivalent radiation had been artificially gven This
suggests that Equation 1 1s snconsistent mnce bigsues cannet distinguagh between radiations which differ enly in theyr
natucal ¥s arufical ongin

It seemis more consistent o assume that the addibional incedence [dI) From additional dose {dx} s
proporlional to the tolat madence {1} which would result from the previous radiation doses and nalural causes

d] -
w° k. (2

wheze {k) 15 a constant of proparticnality The selution 1o Equation 2 15
1= Lg ek, (3

where natural ncadence {13} 15 assumed constant for Mxed conditions Bince the Lotal incdence ([} squals
radiatiwn-mduced madencs (1) plus nalural inaidenes Ly,

Ip = lp(ekx-1) (4}

[n Equation 4, the predictsd incidence of radwhion-induced cancer ineréases not Imeacly, But as an ¢xponential
function of dost However, the higher the natural naidence, the more closely the siponential Equation 4
approaches a inzar relatienship, as has been shown 0 a more detailed analysis on thas topic [4]

But ong must ceehize that the fundamental mechamsms by which radiation induces cancer may e
guie complex, and any relation as simple as Equation 4 should not be expected to deseribe accurately the acrual
incidénce over a wide dost range For example, it must break down at very lugh dosss becaose of the radiation
killing of patentially malgnant cells 1t may, however, prove uselul in testing hypatheses against expenmental data,
and it may pivé wmmight mte alternatve model: whech may more closely approximate that elusive goal called reality

E am grateful to Austin Brues Tor firsl poinhing out at this conference the nonlimear inlerprelation
itherent i the “doubling dose” concept, to Roy Albert for asking me o write ot up, and to George Sacher for
mcluding it i these proceedings

References

1 Gofman,]) W and A H Tamphn Major fallacies in the AEC staff comments on the Gofman-Tampln papers and
congressional testimony Enmveronmental Effects of Producig Electric Power, Heanings of the Joint Commuitee on
Atomc Energy, Part 2, Vol U {Jan 27-30 and Feb 24-26, 19700 pp 2113-2127

2 Gofman,] W and A.H Tampln, Low dose radiation, chromosomes and cancer Ervironmental Effects of
Froducwing Electrie Pawer, Heanngs before the Iont Commutiee on Atomig Energy, Part 1,(0c1 23-31 and Nov 4-7,
1969, pp 641-652

3 Penna-Franca, E, J € Almevda, Johanne Becker, et al Staius of wvestigations in the Brazilan areas of high
natucal radwactivity Health Phys 12, 699-712 {1965)

4 Mays,C W A nonLnear nterpretaiion to the doubling dose concept Research e Radicdiology, University of
Utah Report CO0-119-244 {March 1971, in press}

%



Docaments IilistrihutEd during the Conference
but Not Included in These Proceedings

Abrahamson, §., P. Gullifor, E. Sabol, and J. Voigilander. The induction of translocaticns in
mature Drosophila cocytes over a dose range of L3500 B of X rays.
Kallerer, A. M., and H. H. Rossi. RBE and the primary mechanism of radiation action.
Goldman, M., N. H. Hetheringion, L. 5. Rosenblatt, and L. K. Bustad. Quantitative evaluation of
doze-effect relationships fellowing exposure of dogs to internal emitiers. )
Rowland, R. E., P. M. Failla, A. T. K=ane, and A. F. Stiehney. Some dose-response relationships for
tumnor incidence in radivm patients.

k1))



RAPPORTEURS’ ACCOUNTS
Mammalian Radiobiology

SYSTEMIC AND PHYSICAL FACTORS
J B Storerand ] M Yuhas
Oak Ruige Natwnal Leboratory

The sesaon on systemuc and physical factors covered two broad questions the role of anmal
expermentateon m the estimaton of low-level radiation hazacds for man, and the (ype of ammal experumen tation
wiuch would most adequately fulfill thas role Since ammal expernimentaion wall not wn riseli allow us (o eveluaie
radiaison standards, 15 role s larpely that of establishing generad prnciples which relate to the overall problem
Expeniments designed (o test smaller and smaller doses of cadiation through the use of larger and laper populations
of anunals should be avoided, owing to their lack of gererzhity, unless specific hypotheses art being tested which go
beyond ‘flate effects surveys™ In order ¢ be relevani, ammal experunentaton should concern asell with
mechanisms or processes which are known o be species-independent, or which can be related logically to hiological
charactenstics for an nterspecies comparisen

Specific areas whuch meen further investigation include

L the yole of the inmmune sysiem m the control of radiahion-induced cancers, especially m the
low-doge.rate range,

2 the quantitatives relatwongups winch exist batween sctivated viruses and the resudtant cancerg,

3 the towcolopgy of niernal ermiters which may be encountered by man, moludng int-
1om and krypton

4 the relationship betwsen lotal dose, dose rate, and the meidence of lae effects, ingluoding
anaiysez of the role of sngle and multiple event phenomena i Che mducion of specafic disease enties

CARCINQGENESIS
A M Brues and C F Hoilander
Argonne Mational Laboratory and Experimenial Gerontology Unit, THO

The opmior was expressad that normal effects ars accelerated by treatmeni, more attention
should be pard (o morbudity than to mortality, Iife shortening 15 not the most valuable parameter unless it 15 related
1o specific death rates for specific diseases Some tumors (lung adenomas) are present For a long Lme 1o lvang
anumals 50 that the mochaduty rates are not estimated by autopsying ammals as they dig The plot of the loganthm of
the raie of lumor mactedity against Lime shows 8 decreasing slope later un bfe The decrease oecurs laler and s less
marked n pathogeniree muce

The carcinogeny; progsss sefiects a compebiiion of two factors tumor mduction in ceils and kdling
of cell: 1t haz been useful 10 use moncenergeiy; ons to study caronogeneic aclion, as this controls the site of
radiation 2ction The question of duect effect has been studied by skn transplantation, tumors are shown 1o anise
from the irradiated skin, and not frem the san of the vmirradiated reciprent, even after a third transplent generation

There are vanious studses, usng carcinogens 10 general as well as radiaton, whach indicate that host
faciors are impartant as well as the cells that are the ongn of the lumor This s suggested by viral carcinogenssis and
the role of immune Tactors, and by plashe caccinogenesis, which has no2 been shown Lo be enhanced by radiation,
and which has resemblances to trangformatwm of cell cultures and to the condibions pravenung diffarentianon of
embryc organ coltures An example of a host factor in co-Carcinogenesis 1s the inhibition of cilhary action 1o the lung
by tobacco smoke, favoring retention of :mhaled particles Care must be taken to distinguish between carcanoma
i R, benagn tumors and invasive malignancy

It was noted that the ewidence for co-carcinogensss by smolkng i uranum mmerd 18 not complets
at prasent The exsetence of chermcal spents in muinere, m additon to cadon, was indicated
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LARGE ANIMAL STUDIES
Marvin Goldman and 5. M. Michaelson
University of Californis and University of Rochester

The discussion relating to research on large ammal radiation effects suggests that they provide
valuabie model systems extrapolatable to man. For exemple, there are data which show that dogs manifest a
spectrum of responses to ??**Ra similar to what has been reported for man. A consistent finding in large animal
studies is that ihe doss effectiveness for cell or tissue “injury’’ and cancer incidence is nonlingar in #ach study in
which all 1he data are included in the analyses. The discussion pointed oul some discontinuities or deficiencies which
appeas to be related to {1} the nonuniform diztribution of dose over time, and over the cells at risk and the tissue or
organ systern ynder study, and (2) the uncertainty about the fraction of the absorbed tisswe dose that is unavailable
to cells at risk, either because the cells were praviously killed or aze not in the range of the ionizing events. An
additional example was a discussion of the nonuniformity of local dose distribution and tissue response of lungs of
dags following inhalation of high levels of ¥ *¥Pu,

It was. also noled thal jung pathology, nol radiation related, also often manifesis a nonunitorm
digiribution Lhroughoul the argan. These observations may be showing ug valuable data on the actual distribution of
types of cells at rigk. In this context, some of the radionuclide affscts studies are of particular valee for determining
the distribution of cells al risk by evalualimg cell injucy or death, and incidence of neoplasms spatially and
temporally, with regard Do their specific dose rate pattern. The dalz do nal suggest unique radiation carcincgenetic
effects in tissues not being directly irradiated.

The problem of interspecies compatisons is slse related to the above. [t would appear important
that some species scaling is possible, and data exist for cell, tissue snd organ systems receiving comparable dose: of
cadiation, independent of and parallel with such data as relative body mass, metabolism and lifespan. The uwse of
systems physiology, based on various levels of biological arganization in several amimal species with specific and
weli-known attributes, is inveluable in extrapolabion to possible human hazards From radiation,

There is an obvious need to carefully extract and evaluate the costly and painfully abtained data
that already exist on radiation effects n large (long lived) animals, 5o as to assurz the besi possible analyses in
relation 1o aszessment of linear ve. nonlinear respense characteristics.

TISSUES AND CELLS IN VI¥(
E. B. Darden, Jr. and R. }. M. Fry
Oak Ridge Nationol Laboraiory and Argonne Nationat Laboratory

The first tissue considered was the mouse leans, which can be examined serially o recond the
development of tiny opaque defecls (termed flacks) which electron micragraphs suggest 1o be defective portians of
gingle lens fibers. Normal fibers are produced by proliferation of the lens epithelial margio, throughout Life at a
declining rate. Progeny ceils migrate to the lens #quator and mature inta adult fibers. The time interval {six weelks)
from division to maturation is equal to that fram ircadiation ta an increase in flecks, evidence thal the site of injury
may be the lens germinal cell. Flecks in the nonirradiated cortrols begin to appear at 13 weeks of age and increase
with time, suggesting the presence of abnormal but viable germinal cells in the normal lens epithelivm. If irvadiated
at six weeks of age, mice reveal Beck counts which also appear at 13 weeks of age, but increase al a fasler rate. Diose
dependent RBE values have been obtained, being 55 for 0.5 vad of 0.43-Me¥ neuteons and 6 for 5 rads of 14-MeV
neutrons. X-ray dos: cesponse sppesrs sigmoid, whersas 12 rads of X rays produced a detectable effect, 4.5 rads did
not. The incidence of flecks is being studied in the Macshallese and several women who received 175 rads from
fallout radiation in adolescenct have shown an incidence of flecks above the control level. (A generally accepted
catio of lens radiosensitivity in man:eabbit:mouse is 1:4: 16, respectively )

The interspecies comparison appears to show that the lacger eves are less susceptible to induclion
of lens opacities. The reason for the differences in sensitivity are unknown, although it was suggested they may be
related to differences in growth rate and therefore proliferative rate,

Studies of the relationships of cell killing, chromosomal abnormalities and the incidence of
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opacties on an nterspecies basis appear a possibdity There would be the advantape that the resolis would be almow
mdependent of cellular responses elsswhere in the body The sysiem s also useful in providing €xperumental data for
companson to theoretiesl models The second senstive system: was the mouse zygots [rradiation s given shorily
afier tumed mating, n the carly pre-mplantaiion siage Sixieen days later the uter are examned Wilh relative
embryo servival as the end pont the effect of <<$ rads of neutrons can be detected Survmval at hyher doses appears
1o be exponential, at least o 20 rads, weth a Iy of 18 rads The RBE with raspect to X rays x abont 4 over this dose
range The unportance of nterspesses sludies was emphasized for the determunaton of the rslationghop of changes in
cell sysiems, such as colony-forming cells of the bone marrow, to hfe shortenng There are marked specoes
differences whach are hkely 1o be of mnportance in the elucsdation of the abalty for repair and recovery afier acute
esxposure and chrome Jow dose sxposures An understanding of these gpecis differences would appear to be
necessary for extrapodation of data from small arumats 10 man Adequaie comparative studies are dafficult to carry
out, and Tor some time 1t will be necessary to redy on small ammal expenments The advantage of the mouse
experniments 15 that the determinzt:on of loss of stem cell popuiations, or thewr abihity (o respond to stress could be
done as a funchion of age and radiation exposure history Furthermore, correfations between the functionat capacity
of the marrow prolferatwve cells and disease incidence could ke tested Some prelinanary dala suggested that there
was 2 marked dwmution {30-60%) n the number of CFU's m the femoral marrow of old mice thal had been
exposed 10 sudlethal doses at 100 days of age Whie there 1 conuderabls information aboul recovery of mamow
stern cell population over a relatively short ture span afier wradiation, hitle sx known of the very late effects on the
number of stem celk in proliferative populabons The posable relationshups of such changes to life shortening and
tumor incidence are not known The effects of several other emaranmental factors may, particularly, influence the
bone marrow cell population and wil have to ke known for snterpretation of results of low-level irradiation studpes
The guestion was posed whether an understanding of differences in organ and species sensiinaty Tor the mduction of
tumors could be derrved from expenments in which whole-body exposures were given, even with the additional
miormation from local mradiation, or will it be neceszary aiso 10 carry oud i witro expenments to determne an
mdex of transformation for Lthe appropriate cells? No answers were offered Beferances were made, both i ths and
olher stehong, to the unmune gystem and st relation 1s tumor médence but no data en the changes in the immune
competant sell syziem as a late sffect ware prezanted

Genetics and Celiular Radiobiology

GENETICS
Seymour Abrahamson
Uneversity of Wisconsmn

Dr Crow spoke on the problem of assessing spontznecus dettimenial mutations rates i
Drosophula Thess mutations are measured n 2 statistical manner by their achion of decreasing viabuity They may
represent ungle pene mutations with a large offect, or 2 larpe number of mutations, #ach weth 3 small effect These
mutations anse spontanesusly on a given test chromosome at between 0 2% and 0 3% frequency At aquilibnium
they are at WK% fréquency Thos the average detnmental mutabion will perast for approximateiy 40 generations
Recessive Jethal mutations for the same chromosome anse spontaneously at g 0 5% frequency and at equilibrvin
exit at about 3% frequency and Likewsst persist ior aboul as many generations as the detnmentals Therefors, both
the receszive lethals and the recessive detrimentals exert ther effects in heterozygous condihon, and the ehmination
of both classes rewults from the shght domunant action of these recessve mutants I follows that a recessive
deinmental exerts at much heterozygous effect as a recesaive lethal The difficulty of obtawung equrvalent daka in
man wgs stresesd

Dsta were prasentzd on the induction of chromosome abersations wn Drosophula oocytes by low
doses Aberrations increased hinearly between 10 and 30R of X rays, and quadratically between 50 and 500 R 1n
the study of sax-inked recessive lethals 1n cogoniz at 0, 20, 100, and 300 R dosss, with some 77 000 chromosomes
anzlyzed, none of the traatments was significantly inereased above the control rats [n reviewing other workers'
rezults on spermatogamia i Drosophola at doses below S00 R, it agun becomes evident that there are fow if any data
whoch demonstrate any sgmficant 1ncréase 1 the mnduction of mutations Thus, even 1n systems which optinize the
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detection of mutations, the difficully of demonstrating Lheir induction at low doses in the important call stages for
estimating hazards becomes vary evident.

F2 data were presented on the induction of detnmental mutalions in the mouse when
spermatogonia are irradiated. The detrimental effact was measured as an incremental componenl of mortality within
the first 21 days after birth, Grahn described this effect as being induced at a rate of 1.7 X 10°%/R day. This is the
first demonstration of transymilted detnmental mutations in jrradisted mammalian systems. Subsequently the
discussion centered upon the proposal {see his position paper] to moniter master semples of the U. 8. with
well-determined genetic and somatic endpoints. A largs ssgment of mammalian radiation genetics was unfortunately
unraviewsd because of the unexpected absence of one of the panelists,

CYTOGENETICS
A. B. RBeigkin
The University of Cornecticul

The position papers on cytogenenic effecis 1) explained the great difficulty in obtsining
statistically significant cytological differences at low levels of radiation, and 2} pomnted oul the relalions between
chromosemal effects and other effects in radiobiology, end possible synergisms with cther agents.

One of the main points discussed concerned the use of sutomaied chromesome seoring to ingreass
the resolution of Lthe analysis. ln general, radiobiologists are hopeful that such techniques will aid in the evaluation
of low level effects. it was pointed oul, however, that the biophysicists who are involved in the development of such
automated machines ave often ks sanguine. Their projections for the cost of analysing each cell stem Lo preclude .
the wse of machines for scoring chromesame aberrations after irradiztion of mulbiceliular organisms. At this meeting,
however, several peoplke expressed the apinion that the cost estunmates will peove to be wrong and the the ¢ost per ceil
will reflect the state of the act and became infinitesimal,

The central role of chromosomes as sensitive largets whoss damage undeclies many radiokiclogical
pheromena was illustrated in that two separate modets were presented relating the kinetics of tumor induclion
and/or cell killing to the kinstics of abéoation formation.

Amang other intriguing notions briefly mentionzd was the possible implication of radiation
chromoseme breakage in virns-induced tumorigenesis. [t has teen proposed that breaks in DNA are necessary for
ingorporation of the viruses. The curves for the induction of multibreak chromosomal aberrations are lingar at very
low doses. Data were presented showing thai this is true for other multitargst radichiological phenomena, such as
c¢ll survival, The mechanisms imvolved in these low-lose lingas components of chromosome rearrangement and cell
kiliing are not adequately known, and Turther work is needed,

CELLULAR RADIATION BIOLOGY
G. F. Whitmors
Cntaric Cancer nstitute

It is likely that some of the information required to evaluate Lhe bazards of low doses can only be
obitained from studies invalving humans oz laboratory mammals, but considerations of cost and convenience suggest
that where possitle such information be derived From studies on mammalian cells in vitra, 1t has besn suggested that
owr ability to predict effects at low doses will ultimaiely depend wpon cur ability to understand the mechanisms
whereby certain phenomena arise. 1t is probable that the major contribution of in vitro siudies will be in developing
an understanding of mechanisms

The three major =ffects of radistion which concerned this corference were: (1) los of cell
viability, {2) mutagenesis and (3) carcinogenesis. In each of these aress in vitro assays or endpoinis are available, and
it is likely that these will be improved as the degree of knowledge obtzined and required is increased.

To date the majar emphasis af in vityo studies has besn on the loss of celb viability, usually after
doses from ons hondred to several thousand rads. As a result, a great deal of information has besn obitained on the
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effects of radiation type, cell age, dose Fractionation, senyitizing and protective agents, i¢. The variations in survival
responge which result from changing any of the Listed paramaters make it possible to use correlation studies in the
search for underlying mechanisms.

Singe the subject of the conferance was #ffecis at low dose, it was natural that the question of
survival at low doses should be discussed. There is now little doubt, especially from studies with synchrenized
populations, that X-ray survival curves have a negative glope at Jow doses, and not the gero slope which is predicted
by a simple applicaticn of the multitarget model of inactivation. The magritude of this slope may, however, be
exteemely difficult to determine.

To date, in vitre studies with mammalian cells have not greatly advanced our knowledge of sither
radiztjon-induced mutagenesis or carcinogenssis, However, as a result of recent techmcal advances it now sems
possibls 1o use in vitro studies to investigate a variety of subjects concerned with both processes. Amongst these are:

(i} The nature of acute doss response curves

(2} The effects of varying dose rate and fractionation

{3) The effects of agents which might alter response

(4) Species, cell type and locus varialions in sensitivily

(5) The possible synergistic rolss of wirus and radiation in carcinogenesis.

In vitro technigues are now gvailable 10 investigate mutziions involving drug resistance,
auxoirophy and conditional lethality, both in the forward and backwsard direccion. The data available are extremely
limited and apparently varizble, and suggest that in addition to the variables, such as cell number at risk, expression
time and drug levels, which have been tested, other Factors play a major role (n determining apparent mutation
frequency. [n addition, Lhe nature of the apparent mutations produced has not been adequately investigated.

With respect 1o radiation-induced carcinogencsis, the possibility has been raised that this may
requive or be preatly lacilitated by co-factors, with viruses being the most likely candidates.

Human Epidemiology

FOLLOW-UP OF EXPOSED POFULATIONS
G. W, Beebe, M. L. Griemn, and E. L. Saenger

Nationat Academy of Sciences, The Universiry of Chicago,
arnd Uiniversity of Cincikrati Coliexre of Medicine

Epidemiology will continue (o be one of the most useful sources of information concerming #flects
of low doses in human beings. We outling the various steps to be taken to generate further informalion on
contributions from this approach.

1. Exposed populations possibly available for study.
A. Those in high background regions
E. Occupational workers including mililary personnel
C. Individvals ircadisied for medical purposes
D Atomic bomb survivors including Marshallese
Of the exposed populations, the radiation workers, physicians, war veterans exposed to medical radigtion,
atomic bomb survivors and patients in prepaid medical programs would seem to be groups amenable to simple
Iollow-up.
II. Specific groups 10 be considersd These would include all proups in whom such studies are already under way.
A. Popuolations, for alteration in s&x ratio
B. Fetuses irradiated during early pregnancy, for hirth defects
C. Abnormalities in children receiving high gonadal doses, along wn‘.h consideration of follow-up in their
ofTspring
0. Further consideration of corrtlation of cytogenstic abnormakities and subsequent development of disease.
Improvement in aviomation of cytogenetic scoring is strongly urged.
[ll. Factore which must be considered in obtaining maximum usefuiness and econemy in ebove and similar studies.
A It ia egwential that the hypotheses to be tested and the research design be clearly stated prior to the stact of
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data colleétions

E. Sizes of samples need be specified

€. Good dogmetry is important. Qualitative studies (i.2. radiation vs. no radiation) should be considersd less
desirable

D Quality of controls. Consideration of their appropriateness m regard to eligibility and similar ceiteria iz
impor tant

E. Reasonabie cost estimates are required

F. Estimate of timw to assure successiul completion is important, especizally for long térm chstrvation

G. Access to Social Security records should be improved

H. Devalopment of a National Death Index would be highly desirable.

IV. Theoretical and practical considecations relating human snd animal investigalion
A. Mathematical treatment of dose-effect pelations extrapolated to low doses shovid be mntensified
B. Experimental studies of the shape of the dose-responge ¢urve at low dose and dose rates, and of mechanisms

of canger induction should be continued aciively
€. Animal sxperiments comparing effects of same doses of ''1 and X rays, such as have been done for cell
killing and oncogenesiz in the rat, should be continued.

EPIDEMIOLOGY OF ENVIRONMENTAL EFFECTS
P.E. Sartwell
Johis Hophing Schoo! of Hygiene and Public Health

The Ffirst speaker, De. Arthut Tamplio, offered the opinien that thece is an immediate problem of
setiing radistion sxposurs limits; that there i3 ncreating evidence of a linear dase-effect relationship at low dose
ievels; and that the weighing of risks against benefits was not an acceptable method of procedure i, determining
health practices. He cited immunization againgt poliomyelitis, in which he thought the principle was to minimize gl
rigks. In the discussion it became clear thar there was disagreement by a substantial number of paciicipants with
these views. It was poinied out that in the first large-scale use of poliovaccine a considereble risk of adverse effscis
was taken, in recopnition of the large anticipated benefif; and that unanticipated hazards did, in fact, agpear.
Another example of the weighing of risks aganst benefits was the degision, in the face of evidence thal oral
contraceptives produce thrombasmbolism, to continue o sanctien their use, in view of thew superier efficacy, and
the probability that adverse effects associated with pregnancy, delivery and illegal abortions would outweigh their
hazards.

The question as 10 whal epidemiological approaches are promising was taised. Exposed groups on
which longiludinal studies can e made are of two chiel sorts: occupationally exposed, and those who have received
therapeutic or diagnostic radiation. Examples of the former are physicians, radium workers and wranium minecs,
Ameng the second class, it was suggested that tuberculosis patients who had received pnsumothorax treatments (in
conne¢iion with which flucrascopy was practiced) should be followed up. The case-control method of epidemiclogic
study was recommended as wholly satisfactory in appropriate circumstances. Further attempts to study
populations living in certain areas of high background radiation were advised. Situations in which 2 group
accidentally sustains an excessive £xposure should be so deall with that any consequences can be assured of
detection over a sufficiently long period, They should be under the cognizance of a governmental or
quasi-governmenial agency, although the observations might be mads by some other ieam under contract. Creation
Df a “National Environmental Effects Surveillance Center” was proposed. .

An initial report was made on the pooled data from two groups of radivm-sxposed persons,
" Although the exposures occurred forty-odd years apo, it was surprising to learn thet a large majority of the subjects
are still alive, despite the heayy exposures which many of them sustained. Malignancies have been divided into those
believed {0 be caused by radiation {osteosarcomas and carcinomas of the cranial sinuses and mastoid), and these nod
judged to be so caused. While estimation of accumulated dose from this type of exposure is difficult, no
radium-caused maligneancies have been observed at estimated doses below 1000 rads. Approximately cight central
nervous system lumoes have been identified. [ovestigation of Lhe children of exposed subjects will now be initiated.

Several equations representing dose-response selationships for the cancers judged radiaticn-
related were tested for fit. The linear squation did not fit all the data seis, a dose.squared exponential provided
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a better fit to ont set of data.

It was observed that incidence of long cancer bears a roughly linear relation 1o number of
cigareltes smoked, while sein cancer does not show this simple relationship to beta radiation. When thers are
relatively Few subjscts at low doses, it 15 difficult either to demonstrate, or rule out, lintarity. The question of how
differen¢es in susceptibility in a nonhomogensous population might affect the dose responst curve was discussed.

The meaning of *doubling dose™ was considered in t2rms of the stability of the base-line incidence
of muiations or, as in this instance, of malignant dissaze. Two models were suggested: one which is linear
throughout, and one which approaches linearity at low dpses but becomes exponential above the doubling dose.
According to the latiee model, Lhe estimate of the low-dose dope differs, depending on the dose cange within which
the astimales aré made.

Physics and Models

1. ]. Broerse
Radiobiological fnstiare, TNG

The results of Bond, Shellabarger and Vogel on the incidencs of breast carcinoma ia the vat after
ircadiation with X rays and fission newirons were discussed. 11 had been proposed oeiginally that both types of
radiation yield lineer dose-effect relationships. It was shown, however, thatl plotling the cesults on o log-log cale
clearly indicaies that the dose-effect curves are nonlinear. From microdosimetey considerations, it e5n be inferred
that the developmenl of a lumar criginates from more than one cell. The paper of Kellerer and Rosal on RBE and
the primary mechanism ol aclion was reported. The data in this paper indicate that the X-ray cell survival curve has
an initial non-zero dope, as was found earlier in the experiments of Barendsen, and SBinclair and Monon. The
cansequence of this initial slope [oy X-ray survival curves is that the REE for high-LET radiation, e g., fast newtyons,
will not grow te infinity at low dosts, bul will have a maximum value. The importance of microdosimetry for an
understanding of low-level effects has been clearly demonsirated.

The need Tor copperation in late effects research was stressed, since these studies requare large-scale
experiments and long-term commitments. The preliminary results of a dosimetry intercomparison within 8 group of
European labocziories were presented.

The concept of the dose effectivensss function (DEF) was introduwced. This somelimes can be
approximated as the inverse of the RBE. A neémber of properties of the DEF over a large dose range were described.
A cytogenelic model is under development, which szems able to account for the DEF. The properties of the DEF for
various endpoints have to be studied in more detail, since they promise to provide a basis for svaleating the
parameters of low-dose effecis on man.
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MEETING AS A COMMITTEE OF THE WHOLE

A steering commiités had been appointed by the Confersnce convencrs to meet an the second
evening and produce an agenda lor the plenary committes session. The chairman was M. Elkind, the seccelery was
5. Abrahamson, and members were M. Fry, €. Hollander, G. Silini, C. Edington, L. Hempelman, C. Mays, H. Rossi,
G. Beebe and A. Tamplin, The committes ceported back with the following recommendations:

l. the Procesdings of the Conference should be issued as an Argonne National Laboratery Repori,

2. an aceount of the Conferance shoutd be prepared for publication in an appropriate journal;

3. there should be no attempt at this time 1o formalize the organization of this group, but instead,

4, the Marth American Late Effects Group should be asked to #siablish a continuing committee to
have cognizance of research on low dose sffects, and to roommend conferences or other actions az needed.

The group approved issuance of The Procesdings as an Argonne ceport, with the stipulation that it
should include a summary of the Conlference focused on identifying the importanl uaresolved problems. Lt was
agreed that this should be done by 2 1¢éam consisting of G. A. Sacher, W, K. Sinclair, and R, E. Rowland, The same
team was instructed 19 produce the account of the Conference for publication in a scientific journal.

The group accepied the stesring commilies’s recommendation about continuity and adopied a
resolution recommending 10 the North American Laie Effects Graup that it accept a specific responsibility to form a
subcommities on the subject of low dose and low dose rate eifects, which would keep informed of work in these
areas and convene workshops on the subject when appropriate.

There was a brief discussion of the North American Lave Effects Group and the Evropean Late
Effecis Group as informal intecest grovps. The present role of MALEG is primarily communication, whercas ELEG is
responding to a need in Euvcope Far better international and interinstitutional cooperation on research programs,
facilities and standards. The two groups are in close contact, and other regions of the world (e.g., Japan) are moving
toward a similar patlem of organization.
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OVERVIEW AND CRITIQUE OF THE CONFERENCE

W K. Swclar, R, E_ Rowland, and G A Sacher

Omne of the recurrent themes in the commentares on both systeme and cellular effects it the
sugaestion that in vitro models and astay systems are potenlually powerful tools for investigaing mechanisms of lats
and low-leve]l radiation effects, Untd a year or 20 ago that would have been httle more than a prous hope, bul regent
advances in the development of 1n vitra assays for carcinogenesis give grounds for confidence that these methods wyl
usher in a perod of raprd progress in the study of cancer induction, Just as the Puck cloming techmque did For the
assay of lethal affects in mammalun celis

Although these in vitro gystermns deserve to ba myestigated wulhi ail deliberate speed, our planoing
should 1ake account of the posnbibity that the induchen of 2 neoplastie eransformation by 1omizing radiations in
witro wil be more difficult than induction by chermeal agenls Acceleratsd ragearch on promeling Facters and the
role of viruses may, therefors, have to precede and accompany nvestigation of the role af radiations per 22 We can
anticipate that research on wneung radating n cancer mducthion will nesd to break new ground, because most of
our knowledge of radation effects i marmmabian calls i based on cell kalling as the endpoml and may nod apply to
more subtle tranubong m surviving eslls. An impartant additional problem 2 that the tumongenie eflicacy of
hugh-LET last neutrons and alpha rays 3 not satsfactonly explained by presently accepted models, in view of the
absenee of repair of damage by hugh-LET radiations, and of ewidence that the whaele chromosome complement s the
geometneal target for cell killing

The inference that more than one cell 1z involved in the wnduction of mammary cancer n zats,
which was deawn Frotn an analysis of the dose dependence lor induction of mammary tumors by gamma raye and
lzst newtrans, deserves to be Followed up, becauss 5t 13 critically ymportant in relation to the estimation of tumor
wields at very low doses However, evidence was aizo presented that the |ife shortenmg in mice prven hifstime gamma
ray exposure changes from a mulupleevent (squars of daly dose) te a single-evant (first power) trend at low doses
A snular transibon to fust-power doss dependence 15 oheerved in the kiling of mammalian cells i witro by X or
gamma rays These findings make it wmportant to investigate the relabon belween the radiationanduced
precancercus molecular lesions and the “spontanecus™ lesions The extent to which they nteract 1z important for
cancer and aging research as well as for the study of low.-level radiation effscts

There wat 2 consensut that nerzazed understanding of mechanizms 15 perhaps the most effective
way i which laboratory research can contnbute ta the detarmnation of the ¢flecls of very [ow doses Thus does not
dimnish the umportanct or necesaily of large epidemuological ztudies, mvolving small or large amimals, or
retrpspective stugies in humans since thess wall continue to have an myaluable role n providing gudanes, litad
thaugh st may be, for the sethng of sapoture guidehnes for a number of entically important occupanional and
medical expoture situalions. The importanse of these studies m the present state of our knowledge, whale we awat 2
mare debimtive understanding of mechansme: 15 obvions However, such larpe expenmenis should also be demgned
and performed, so far ss posuble, to decide between hypotheses about mecharusme or to provide valid sstumates of
the basic bislogical and phyacal parameters concerned with dose-e[fect relationships

An important unanswered question in the madeling of human radiation effects which can be settled
by expenmintal epidemiology iz whether the doubling dose assunpton emphasized by Golman and Tamphn = the
best first approxamation for the estbmation of expected tumar incidence Thus guestion s stll moot alter decades of
amumal restarch, but it could probably be decided to an acceplable level of precision by a entical reanalysis of the
accumulated expenmental data, published and unpublished, and, failing that, by a well-conceved experment

The valbidation of models and estimacen of parameters for the low-dose doman can become
excesqvely costly, and even Eal completely, of thera 33 an imudicious chawe of test system The laberalory mouse
was a [artunate Nrst chowe for epidemiclogical studies and continues o play a wital role in many late effects studies,
but there 18 a growing awareness that some questions about low-dose affscts can best be answerad with longer-lived
animals An expennment with a relatively small number of dogs may perhaps be more cost-effective than a large
mouss éxpeEniment

These conuderanons apply to the chomwe of raduhion dosss and qualities az well One necessary
step far the validation of a mechamsm deduced from an m vitre mode! 1s the demonsiration that the ceiluiay and
whals-anunal responses agrae in absolute stnsitraty, and in DEF and REBE aver a sigmificant dose range

The survivors of & cell population exposed to a dose of hagh-LET Fast neutrons consist mostly of
cells thal sustaned no damape an the target for lethalty, whereas the survivors of 3 comparably effective gamima-ray
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dose are made up prependerantly of cells that sustaned damage and vnderwent repar Wider explonation of fast
reutrons 15, thecelore, jusiified by the possibility of separating repaw mechanisms from population recovery
mechanisms and fos providing a more reliable extrapolauon to effects at low doses,

The parzmount problem n the demain of low-level effects 18 that of Linear versus nonlnear
respense Evidence was heard on both sides of this question, in raspect to diverse endpomnts. The fact of nonlinear
responss 15 not wn question, for all gsystems studied thus far yvield nonlmear responses i some part of the doss range,
but it was reported thal lde shorterung and tumor incidence n the mouse maks a transition 1o a hinsar dose
relationship at low doses The question 13 whether other, and perhaps all, endpewnts have hnear dose dependence in a
finite dose nterval above no dose Thus question can best be answered by the sequential formulation and testing of
hypothesss about the conditrons under which a luinear trend arises, and the formulation of these hypothesss will be
Favored by Frustful misracticn betwesn systemie, sellular-melecular and misrodaametne research

The discasaon of dose dependence duning the Conlerence waz in Fact two separate discussions, with
Iittle effort to achweve a wrufied viewpomnt One discusuon developed arcund exiemal radwations and endpoinis such
as hie shortening, tumors, mecrocatarscts and chromosome aberrations, wihule the other cenrered on internal
emutiers, with emphans on tumer madence Thes lack of interchange 1s ol 2 recent development, for the two areas
have alreedy developed divergent modes of analysis and mathematical models Thers are practical reasons for these
differences, stemming from Lhe great dulferences . sample size between mouse and dog expenments, and from the
special problems of dosimetry for internat enutiers, but we nevertheless must not nsk lesing sight of the fact thet all
the work on exlamal exposurs and miernal emuiters must finally converge Lo a single conusienl model, Some mmall
fraction of the effort thal go¢s into modeling thest two demains of radiation effect should, therelore, be devoled to
quaniitative reconcliaton of these models

The discussion of human epidemiology deait mostly wath the follow up of defined exposed
populations and with the problems of montonng health, morbidity and genelic parameters in the civl pepulation
These were covered wn the position papers and rapperieur accounts Ancther important approach, not adequately
represended 1o the discussion, 13 the epdemualegical analysis of mortidity and mortalily expenence i the large
populanion of ndustnal radistion workers i AEC or contractor mstallations These people recerve exposires within
hmnts altowed by FRC gusdelines, and thewr radsalon ¢xposure lustones ate on record The stable employment
pattern 1n the nuclear sndustry for a peniod of a quarter cenlury presenls a favorable opportumty o evaluate the
health status of this population relalive to the geoeral population, and pechaps to test the predehons of some
contending models of lowdevel radiation effecls A follow-up study on the employezs of some larpe AEC
installations, entitled the AEC Health and Mortalily Siudy, 15 now being conducted

There were iwo distinet kKinds of proposals for momtonng the status of the entire cvil population
One was for systemale sampling of mocbwdity and mortality vanables together with a rumb¢r of enviconmentzl and
sociceconomic vanables The other was for a mass sereening of newborns lor selected biochermical mutatwons These
approaches showld be exarmmed fusther as Llwo aspects of 2 angle program, lor the two Kinds of measures are much
more valuable of examined joontly

There was agreement among most of the conlerees that csk-benenl analyss 15 an essenbal frature
m the evaluation of hazards and the formulation of guidelines, and thal the methodology of this process reeds (o be
wwvesbpated and developed Thus view was coupled wuh an equally broad agreement that discussion of this profound
problem should be deferred untl a mare competent panel can be assermbled The convenng of such a conference will
be & challenging problem because of the wide span of bological, behavioral, ethucal and politcal malcers il must deal
with

in overall evaluauon, it can be said that the Conference achieved 1tz objective of bringing together
for the first time repressntatives of the several disiplings that can contobule to solving the problem of low-leve]
effects 11 can also be recogrmzed, however, 1hal the boel wnutial discusaons did not g2t beyond general consideration
of some problems, and that cerlamn aspects were nol conndered al all The subject 15 30 many-faceted that there 15
need for continued examnauon of developments in the several important arcas and discussion of their imphicatiens
for the evalution af rateonal islogical and sacial bases for gwdelines Means should be found to fester ths kind of
mulbdisciphinary interchange, under whatever sponsorshup 15 desmed to be appropriale
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